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Conversions

CONVERSIONS

1inch {in.) = 2.54 centimeter (cm)

1 foot (ft) = 0.3048 meter (m)

1 mile (mi} = 1.81 kilometer (km)

1 ft3 = 28.3 liters (1)

1 acre-foot = 4 36E+04 ft3

1 pound force {{bf) = 4.45 Newtons (N)

1 metric fon = 2,205 ibf

1 ton / square foot (tsf) = 13.88 Ibf/ square inch (psi)
1 psi = 6.89E-03 megaPascal (MPa)

1 MPa = 145.14 psi

1 ksf = 6.94 psi
1 bar= 0.10 MPa
1 bar = 14.5 psi

1 bar = 34.5 foot-head-freshwater
62.4 ibficubic feet (pcf)= 0.43 psi/ft
1 pcf = 8.37E-03 N/m3

2
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EXECUTIVE SUMMARY

The Caffornia High-Speed Rail (HSR) Authority {Authority) proposes to construct, operate, and
maintain an electric-powered MSR system in California. When completed, it will run from San
Francisco to the Los Angeles Basin in under 3 hours at speeds capable of exceeding 200 miles
per hour. The system will eventually extend to Sacramento and San Diego, totaling 800 miles
with up o 24 stations.

The Authority and FRA are now undertaking second-tier, project environmental evaluations for
several sections of the statewide system. This report is for the Palmdaie to Burbank Project
Section. This project section is approximately 38- to 44-mile iong, and has muitiple alignment
alternatives under study. The project section extends through a variety of land uses and
ecoregions, including urban, rural, and mountainous terrain. Each alignment alternative would
involve areas of tunneling beneath the Angeles National Forest (ANF), including portions within
the San Gabriel Mountains National Monument (SGMNM). A complete General Project
Description is included in other documents,

Each of the alternatives under analysis in the Palmdale to Burbank Project Section is divided in
three subsections: Palmdale, Central and Burbank.

This report focuses on the geotechnical feasibility of proposed tunnels under the Angeles
National Forest in the San Gabriel Mauntains within the Central Subsection of the Palmdale to
Burbank Section.

The data obtained for the HSR project by field investigations within the ANF in support of this
geotechnical feasibility report are available in the following HSRA report:

“Preliminary Geotechnical Data Report for Tunnel Feasibility, Angeles National Forest” dated
December 2018,

The data presented in the preliminary geotechnical data report (PGDR) were obtained specifically
to identify and evaluate field conditions within the ANF that could present feasibility constraints for
design and construction. Recognizing the history of challenging tunnel design and construction
for deep tunnels beneath United States Forest Service {USFS3) land in Southern California, the
most challenging constraints with strong potential for influencing tunne! feasibility include the
following:

Rock quality and potential effects of squeezing ground;

In-situ stresses;

Intersections with faults and gouge zones;

Groundwater pressures on the tunnel lining system;

Water draining into the tunnel both during and after construction;
Groundwater temperature;

Potential impacts to USFS water resources due to tunneling activities.

o o % o 9o *

The data available in the PGDR include results from the following studies:

= Continuous rock coring at six sites (F5-B1, E1-B1, E1-B2, ALT-B2, ALT-B3 and C-1) to
depths as great at 2,700 feset;

= (eologic Logging of nearly 9,000 feet of cored rock;

= Photographic documentation of rock core;
In-situ hydraulic conductivity testing using single or dual packer systems;

s In situ groundwater sampling;

» In-situ rock stress/strength testing;

e Geophysical logging including caliper, electric {spontanecus potential}, temperature,
conductivity, natural gamma, seismic velocity, and downhole televiewer surveys; and

s Installation of vibrating wire pressure transducers (VWPTs) within each hole for measuring in-
situ pressures;

e Laboratory testing of rock core samples;

California High-Speed Rait Authority Paimdale to Burbank Project Section Draft PEPD Mareh 2017
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¢ Petrographic analyses of rock thin sections; and
¢ Analytical testing of water sampies for chemistry and radioisotopes.

The results of the geotechnical investigations within the ANF are documented in the PGDR and
should be referenced as background information for the geotechnical feasibility report. The PGDR
field investigations were not conducted to investigate specific tunnel alignments, but were
generally focused on the critical feasibility issues as stated previously. Once a preferred
atternative is determined through the environmental screening process (EIR/EIS), a more detailed
and focused investigation of the preferred tunnel alignment will need to be developed and
implemented for prefiminary design of the tunnel excavation methods {sequential excavation
methods, tunnel boring machine, etc.}, construction sequence and schedule, tunnel fining system,
and mitigation measures for potential impacts from challenging geotechnical conditions.

ttarch 2017 California High-Speed Rall Authority Palmdale to Berbank Project Section Draft PEPD
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1

INTRODUCTION

The Palmdale o Burbank Project Section would be a critical link in the Phase 1 HSR system
connecting San Francisco and the Bay Area to Los Angeles and Anaheim. A complete General
Project Description is included in other documents and is not repeated in this report,

This report documents gectechnical feasibility of tunnel alignments beneath the Angeles National
Forest {ANF) based on the "Geotechnical Data Report for Tunnel Feasibility for the Angeles
National Forest” within the Paimdale to Burbank Section of the California HSR System. This
report includes the following:

.

L]

Description of site geotechnical conditions within the Angeies National Forest.

An explanation of key conditions that affect overall tunnel design and construction.
Interpretation of geotechnical data representing the in-situ canditions along tunnels in the
ANF.

Discussion of geotechnical conditions and potential impacts on the feasibility of proposed
tunnel alignments.

California High-Speed Rail Authority Palmdale to Burbank Project Section Draft PEPD March 2017
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2 PROJECT DESCRIPTION

The approximately 38- to 44-mile Palmdale to Burbank section has multiple alignment
alternatives under study. The project section extends through a variety of land uses and
ecoregions, including urban, rural, and mountainous terrain. Each alignment alternative would
involve areas of tunneling beneath the ANF, including portions within the San Gabriel Mountains
National Monument (SGMNM).

2.1 Alternatives

This section briefly describes the Palmdale to Burbank Project Section alternatives, as they relate
to the proposed tunnels beneath the ANF. For a complete General Project Description refer to
other documents.

The HSR Build Alternatives for the Palmdale to Burbank Project Section include three
{SR14/E1/E2) end-to-end alternatives. Figure 2-1 shows the alignment alternatives and station
options. Discussion of the HSR Build Alternatives is organized from north to south.

Within the ANF of the Central Subsection, the 3R 14 alignment is separate from the other two
alignments but joins E2 south of the ANF boundary. The E1 and E2 alignmenis share a common
course beneath the SGMNM and then diverge southward into separate alignments through the
ANF.

Figure 2-1 Alignment Alternatives and Station Options of the Palmdale to Burbank Project
Section

2.1.1  SR14 Alternative

The northern limit of the SR14 Central Subsection is near Lang Station at the nerthern edge of
the SGMNM, Station 1320+00, where a portal is located on the Vulcan Mine property south of the
Santa Clara River crossing. The alignment frends southwest and exits the National Monument
briefly near Station 1470+00. it enters the ANF at Sand Canyon near Station 1530+00 and
crosses beneath the mountains west of Bear Divide. The tunnel ieaves the ANF at Station
1705+00 but continues underground where i joins the E1 alignment south of the ANF boundary.
The length of the tunnel stariing at the Vudcan Mine portal to the scuthern edge of the ANF is
approximately 7.3 miles. The highest topographic relief is within the ANF where maximum cover
over the tunnel invert is approximately 2,060 feet (Station 1626+00).

2.1.2  E1 Alternative

The northern limit of the E1 alternative enters the SGMNM near Station 680+C0. it traverses by
tunnel beneath the National Mconhument for approximately 3 miles emerging in Aliso Canyon from
approximate Station 720+00 to 750+00, where it enters the National Monument again in tunnel.
From Station 750+00 to 860+00, E1 continues in tunnel untit Arrastre Canyon, where the
alignment is above ground for approximately 1.1 miles. The alignment again enters a tunnel at
the north edge of the National Monument at Station 820+00 and continues in in funnel to the
souih side of the Angeles National Forest near Station 1620+00 a distance of 13.3 miles. Near
Station 1110+00, the E1 alternative leaves the National Monument and transitions to the Angeles
National Forest {ANF). The maximum depth of the tunnel invert is south of forest road 3N17,
Santa Clara Divide where maximum cover gver the tunnel invert is approximately 2,060 feet
{Station 1166+00). :

2.1.3 EZz Alternative

The E2 and E1 alternatives follow the same path in the SGMNM from Station 680+00 until Station
1020400, where E2 takes a more easterly alignment passing beneath North Fork Station and
continuing below Paccima Canyon and then passing beneath Mendenhall Ridge. It continues
south to the edge of the ANF at Station 1625+00. The maximum depth to the tunnel is at
Mendenhall Ridge, where the cover over the tunnel invert is approximately 2,650 feet (Station
1338+00).

{alifornia High-Speed Rail Authority Palmdale to Burbank Project Section Draft PEPD tdarch 2017
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3 PURPOSE AND SCOPE

The purpose of this tunnel feasibility evaluation is to provide geotechnical information supported
by preliminary geotechnical data for this project, geclogic conditions and data from selected
previous tunneling projects, and professional opinions that the Authority can use for assessing
the feasibility of the ANF Tunnels. The three proposed alignments (Figure 2-1) include the SR14
that parallels the SR14 highway until the Santa Clara River, where it crosses the river and
continues south beneath the SGMNM and the ANF. Two eastern alignments depart from the
SR14 alignment immediately south of Palmdale and enter the SGMNM and ANF southwest of
Acton.

The primary emphasis of this feasibility evaluation is to identify, describe, and quantify
chalienging technical constraints that may impact tunnel feasibility, such as extremely high
groundwater pressures, high temperatures, or unaveidable impacts to water resources in the
ANF. Other challenging conditions may include severely unfavorable geoiogy, such as wide fault
zones, squeezing ground and high groundwater inflows. Active faults intersecting the tunnel can
also be a constraint, and are briefly addressed in this report based on data summarized from
previous HSRA reports. Any one of these conditions or a combination of the conditions can
represent design or construction challenges that need careful evatuation. The most challenging
conditions related to groundwater pressures, high temperatures, squeezing ground and high
groundwater flows are expected in the areas where the tunnels are deepest below the ground
surface. Thus, the focus of the field investigations was in the high mountains within the ANF,
where the feasibility of the funnels at depth was evaluated.

This feasibility evaluation assimilates and interprets the available geotechnical data for tunnels
passing beneath the ANF along three proposed alignments. The tunnel locations through the San
Gabriel Mountains are shown on Figure 2-1. For this feasibility study, tunnel alignments were
evaluated with respect to four feasibility categories, which comprise the main sections of this
report, as follows:

« (Geologic Conditions (rock mass conditions, weathering);

o« Tunnel Design and Construction Conditions (hydraulic head and conductivity, temperature,
and fault displacement);

+ Hydrogeologic Conditions and USFS Concems within ANF; and

« Construction Difficulties (Groundwater flow controls, Fault Zones, and state of rock stress).

The ANF feasibility evaluation team performed this evaluation by completing the following:

¢ Summarizing case histories of tunneling challenges in Southern California mountain ranges;

+ Evaluating and interpreting available geotechnical dala to develop a conceptual
geological/geotechnical model of the ANF Tunnel Alignments (Geologic Profiles); and

+ Interpreting field data collected from the geotechnical investigations and presented in the
Authority report: "Geotechnical Data Report for Tunnel Feaslibility, Angeles Nationat Forest"
for estimating groundwater pressures, ground temperatures, groundwater infiows to the
tunnel, and other ground conditions.

The geotechrical investigation performed in 2016 provides the primary source of geotechnical
data used for this feasibility evaluation. The geotechnical investigation included the following:

« Drilled six exploratory core holes to characterize the rock mass conditions and install

groundwater monitoring instrumentation;

Logged nearly 8,000 feet of rock core;

Performed in-situ hydraulic conductivity testing;

Conducted down-hole geophysical surveys;

Conducted high-resolution acoustical televiewer surveys within stable intervals of the core

holes;

Conducted in-situ stress tests in two core holes;

= Performed geotechnical testing of samples from the anorthosite, syenite, gabbro, granite,
granadicrite, shale and sandstone rock types along the alignments; and

California High-Speed Rait Authority Palmdale to Burbank Project Section Draft PEPD tdarch 2017
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«  Compiled published geologic information for the study area.

The results of the 2016 geostechnical investigations are documented in the "Preliminary
Geotechnical Data Report for Tunnel Feasibility, Angeles National Forest” (Authority, 2016).
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4 BACKGROUND INFORMATION
4.1 Historical Tunnel Projects in National Forssis

Historical tunnel projects in Southern California stand as examples of tunnel conditions that are
typical and have served as the basis for many mitigation requirements for tunnet design, safety
regulations, and construction methods in the industry. Significant case histories are summarized
in Table 4-1 covering a long period of tunnel industry development, evolution of design and
construction methods and general industry changes with respect to feasibitity constraints. These
tunnels include the San Jacinio Tunnel through the San Jacinto Mountains Nationat Forest and
State Park, the Tecolote Tunnel beneath the Santa Ynez Mountains Los Padres Nationa! Forest,
Arrowhead Tunnels in the San Bernardino National Forest, and the Central Pool Augmentation
Tunnel and the lrvine-Corona Expressway Tunnels in the Cleveland National Forest, Several
characteristics for each of these tunnels and the accompanying impacts and mitigation methods
are summarized in Table 4-1 as background information for tunnels in naticnal forests of
Southern California.

Californiz High-Speed Rait Autharity Palmdale to Burbank Project Section Draft PERD klarch 2017
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Table 4-1 Southern California Tunnel Case Histories in National Forests

H - Instantaneous Max.

#1 San Jacinto | Censtruction 13 Miles / Predominantly Tunnel flocding during High greundwater fliows
Tunnel I MWD/ | 1833-1939 18 Feet/ granitic rock / Drill 16,000 gpm + 3,000 ¢y construction; drove were associated with 21
San Jacinto 2,600 Feet overburden and blast with sand pionaer tunnels for faults mapped after
Mountains NF horsehee and circular | P - Max. 40,000 gpm drainage and injected groundwater impacts
and State Park steel sets with gunite P — 540 gpm after sealing cement into holes at manifested. Efforts to seal
wheare needed. cracks and concrete lining | pressures of 1,500 psi. the leaks could achieve no

system. Springs and seeps dried less than 540 gpm.

P — Sustained flow at up in and areund

2.500 gpm long term. mountains. Grouted

Max. Measured Pressures | leaking cracks and lined

43 bar with typical being the tunnel with concrete.

11 to 22 bar.
#2 Tecolote Construction 6.4 Miles!  7Feet; | Iefiaryand H - 7,200 to 2,800 gom Sustained drainage from Monitored springs and
Tunnel / Bureau | 1950-1956 . 2,300 Feet overburden Cretaceous marine P -- 8,100 gpm peak tunnel required a streams, Increased flows

of Reciamation /
Los Padres NF

sandstone and
siitstone /

[rilt and Biast /
B-inch horseshoe H-
Beam ribs with plating
and lagging.

Max. Measured Pressures
26 bar,

combination of grouting
with pressuras up to 2,000
psi against 230 to 250 psi
waier pressures.

Baseline moenitoring of 125
springs and sireams
before construction.
Reduced water flow
observed at one of 125
monitored springs and
spring fed streams

due o Arvin-Tehachapi
earthquake and after
Refugio fire. Only one
spring was documented to
be influenced by drainage
from tunne! construction.

March 2017
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#3 Arrowhead Construction 1.5 Miles / Gneiss, marble beds 780 million gatlons of Wailer levels declined 200- | First contractor completed

Tunnel East Phase | City 19 Feet and mafic gneiss. water drained from City feet near City Creek and 8,000 feet of mining.

Phase | / MWD Creek Portal f TBM with grout ports Creek portal. perennial streams dried up | Construction was shut

! San 1997-2000 1,100 {0 2,070 Feet at front of TBM; leaky P — Exceeded Permit during construction. down due to uncontrolled

Bernardino NF overburden segmented oo:.nﬂma Limits Grouting in advance of water inflows and

lining. T8M not effective. concems from USFS and

San Manuel Bandof
Indians.

#3 Arrowhead Construction 4.2 Miles / Quartz Monzonite, 520 n gallons of Water resources impacts Contact grouting was

Tunnelf East Phase | 19 Feat granodiofite and water l0ss from Strawberry | from Phase i, Mifigation by | caied out after erection

Phase Il / MWD | Strawberry /1,100 to 2,070 Feet gneiss with marble. / Creek portal. custom designed of the segmental lining to

/ San Creek Portal averburden TBM Open or closed P? Herrenknecht TBM with fitl the annular space and

Bernardino NF 2003-2008 face mode up to 10 advanced grouting and cut off flow zlong tunnel

bar pressure and
operating at 3 bar.
Gasketed, bolted,
reinforced concrete
segmental lining rated
for 40 bar pressure.

Max, Measured Pressures
30 bar

dual mode operation, Pra-
construction Grouting
when one of 34 probe hole
flows exceeded 0.3 gpm
or if portal flow exceeded
520 gpm._ Mitigation of
surface water resources
py artificial irrigation.
Gasketed and bolted
segmental concrete fining.

using inflatable collars for
grouting. The final fining
was a steel pipeline to
carry the agueduct water.
For mitigation of water
resguices impacts, the
spring and stream
supplemental water
distribution continued after
tunnel canstruction.
Results indicated that a
standard procedure for
control of groundwater in
the tunnel did not apply to
all conditions and the best
approach was to adapt
groundwater flow contrals
on a case-by-case basis,
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#4 Centrat Pool | Not Constructed ! 10 Miles/ Meta-sandstone and Hydraulic Conductivilies Recemmended dual mode | Measured VWPT
Augmentation Feasibility ~ 20 feot meta-shale (Argillite, ranged from 5x10-3 TBM with gasketed, and pressures indicated lower
Tunnel / MWD / Evaluation slate, and mudstone) | cmisec to 5x10-5 cmisec bolted segmental concrete | than estimated hydrostatic
Cleveland NF 2,200 t0 2,500 Feet Plannad for TRM near surface; and 1x10-6 fining. pressures at tunne! depths
2006-2008 overburden excavation cmysec to 5x10-8 cm/sec of 2,200 and 2,500 feet.
Um<m_.onmn_<mz_x_ Q at tunnel envelope Hydrautic Sqacﬂzamm
and GS| for estimates | Maximum Measured decreased with greater
of TBM perfarmance Water Pressures from depths. Lower pressures
Vibrating Wire at amﬁw mcm@m% gn_ﬁmcw_o
Piezometers (VWPT) in separation (i.e. isolation)
Core Holes of deep water from
shallow water.
35 bar at 2,200 feet depth
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Commission / estimate. Ventilation shaft near of TBM performance of about 1,500 feet. construction. bar {i.e. deeper), it was
Cleveland NF middle of tunnel for Maximum Measured Recommended dual mode | assumed that water
2007-2010 Fire-Life Safety, Pressures from Vibrating TBM. Lining system to be leakage would need fo be
Wire Piezometers (VWPT) gasketed and bolted canirolled to maintain
in Core Moles segmental high strength peak pressures no more
concrete lining. Pre- than 25 bar.
25 barat 1,250 feet depth | o ointion grouting
30 ber af 1,500 feet depth | program, Controiled
drainage would be needed
for water pressures above
25 bar.
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4.2 Geotechnical Tunnel Feasibility Issues within National Forests

Based on pas! tunnel project case histories in southern California, the following issues are
recognized as critical for evaluating feasibility of tunnels in certain environments with chalienging
conditions for design and consiruction of transportation funnels:

= Effects of tunnel construction and impacts to groundwater and surface water resources.

e Balancing groundwater protection measures against practical design ard construction
reguirements.

s Defining acceptable impacts (e.g., grading} at tunnel pertal locations and, if needed, at
intermediate accesses for construction and fire-life safety issues.

e State of the art tunnel lining design to minimize water leakage into the tunnels under
anticipated high groundwater pressures.

¢ Addressing the potential for high water temperatures and the impacts on fire-life safety
ventilation controls.

» General rock mass conditions combined with in-situ pressures and stresses controfling
ground behavior during construction,

+« Squeezing ground conditions affecting tunneling methods and rates of advancement.

+ Displacements from large earthquakes along active (i.e., Hazardous) faults that intersect the
tunnel below ground,

The geotechnical feasibility of the ANF tunnels are discussed in Section 7.0 of this report,

4.2.1 Other Geotechnical Feasibility Issues

Adits {i.e., shafts or galleries from the ground surface to the tunnel) will be necessary for
ventiation and construction access; however, these are planned in areas outside the ANF,
Similar to the tunnels, where adits penetrate groundwater, these will also need to implement
groundwater inflow control measures during construction and operation to reduce the potential
impacts to surface and groundwater resources within the ANF,
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5 GEOLOGIC AND HYDROGEOLOGIC CONDITIONS

Conceptual geclogic and hydrogeolagic models have been developed from the avaiiable
geotechnical data and results of field investigations for this feasibility evaluation to estimate the
tunneling conditions with respect to the ANF tunnel alignments (Authority, 2016). The geologic
units, and structures traversed by the ANF tunnel alignments are shown on Figure 5-1, Figure 5-2
provides an explanation of the map units and symbols for Figure 5-1 and the Geologic Profiles
and Anticipated Tunnei Conditions drawings in Appendix A.

Figure 5-1 Geologic Map

Figure 5-2 Geologic Map Explanation

5.1 General Geology

51.1 Geologic Units

The three alternative tunnel alignments traverse the western San Gabriel Mountains beneath the
ANF, the Study Area. The tocal geology of the project Study Area is complex due to multiple
stages of metamorphism, igneous intrusion, rotation, and subsequent uplift and faulting of the
area over the past 1.7 billion years. Previous mapping of the San Gabriel Mountains by the
California Geological Survey {CGS; Campbell et al., 2014} and the United States Geological
Survey (USGS; Yerkes and Campbell, 2005) provided the surface mapping of the Study Area's
geology. To supplement this existing data and check site-specific geologic information, limited
geologic mapping and a subsurface investigation were conducted within the Study Area. The
subsurface investigation included drilling, collecting core and performing geophysical and
hydrogeclogical downhole tests. Detailed descriptions of the field activities, including rock coring,
are provided in Section 3 of the Draft Geotechnicat Data Report for Tunnel Feasibilily, Angeles
National Forest (Authority, 2018).

The rocks within the project Study Area include a massif of Proterozoic- to Cretaceous-age
metamorphic and igneous rocks that comprise the areas of greatest relief within the San Gabriel
Mountiains that are bordered to the northwest and south with a lower-lying mantling of Tertiary-
age and younger sedimentary rocks and surficial deposits.

The metamorphic and igneous rocks include remnanis of Proterozoic gneiss that have been
intruded by a Proterozoic anorthosite-gabbro complex, the Mount Lowe Granadiorite (intrusive
suite) of Permian-Triassic age, Mesozoic granitic (including the Mount Josephine granodiorite)
and gneissic rocks. The oldest and one of the most distinctive rocks on the Study Area is the
approximately 1.7 billion year old Mendenhall Gneiss. The Mendenhall Gneiss was described and
named by Oakeshott (1958). This gneiss is exposed in the Study Area north of the San Gabriel
fault and south of the anorthosite-gabbro complex {(Authority, 2018). It was subjected fo high
temperature metamorphism 1.2 billion years ago and in many areas again during the Mesozoic
{Silver, 1971; Ehlig, 1975b). The anorthosite-gabbro and related rocks are exposed over an area
of about 80 square miles, mostly in the Study Area. The anorthosite-gabbro complex is described
in detail by Carter {1980a, 1980b and 1982) and Oakeshott {1958). The blue-gray to white
andesine anorthosite is the most abundant rock type in the anorthosite-gabbro complex {Carter,
1980a) with the gabbro the next most abundant followed by the syenite. This igneous complex
was emplaced 1.22 billlon years ago (Silver, 1871; and Carter, 1980a). Studies by Carter (1980a)
indicate the complex was initially stratiform with prominent compositional layering produced by
gravitational settling of mineral crystals. The structure has subsequently become geologically
complex due to several episodes of deformation and faulting. These rocks are generally coarse
grained and have unusual textures.

Northwest and south of the metamorphic and igneous rock outcrops are layers of Tertiary-age
sedimentary rocks. The sedimentary deposits have been both faulled against and deposited over
the metamorphic and igneous rocks. In the northwest part of the Study Area, the sedimentary
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layers belonging to the Vasquez, Tick and Mint Canyon Formations have been deposited. The
Vasguez Formation is Oligocene {o early Miccene in age and includes sandstone, mudstone, and
conglomerate with interbedded andesite-basall. The Vasquez Formation is greater than 12,000
feet thick and rests on crystalline bedrock. Overtaying the Vasquez formation is the Miocene Tick
Canyon Formation, which is comprised of well-cemented conglomerate sandstone, claystone and
siltstone of fluvial origin (Oakeshott, 1958). The Tick Canyon is early to middie Miocene in age.
Denaosited above the Tick Canyon Formation is the Mint Canyon Formation. The Mint Canyon
Formation is middle to late Miccene in age {Campbel et.al. 2014) and includes semi-consolidated
non-marine layers of arkosic and conglomerate sandstone, siltstone, mudstone, and an
interbedded tuff near the {op of the formation. The formation is fossiliferous and approximately
2,500 feet thick. In the southern part of the Study Area, the sedimentary layers belonging to the
Modelo, Towsley and Saugus Formations are present. The Modelo Formation is middie to late
Miocene in age and consists of layers of thinly-bedded mudstone, diatomaceous shale, siltstone
with interbeds of sandstone. Its thickness varies by location, but overall can easily exceed 10,000
feet. Deposited above the Modelo Formation is the late Miocene to early Pliocene Towsley
Formation. The Towsley Formation consists of interbedded marine siltstone, mudstone,
sandstone and conglomerate layers. Fossils indicate the Towsley Formation was deposited in
water in excess of 600 feet deep. The unit has a maximum thickness of approximately 4,000 feet,
and is overlain by the Saugus Formation. The Saugus Formation is a non-marine unit that is
Pliocene to Pleistocene in age. The Saugus Formation, which contains layers of sandstone,
sandy conglomerate, and siitstone, may be up to 12,000 feet thick. The lithologies comprising
Saugus Formation are predominantly weakly to moderately cemented.

Above the bedrock, units include surficial deposits of landslide debris and alluvium (old and
young). In the Study Area, these deposits are generally found along canyon bottoms (alfuvium)
and along steep canyon walls (landslide debris). However, the proposed alignments within the
ANF wilt be primarily in tunnel below the ground surface. These surficial deposits should not have
an impact on tunnel design.

5.1.2 Geologic Structures and Faults

The San Andreas Fault System formed along the transiational boundary between the Narth
American and Pacific Plates during the Miocene, Convergent transform movements are
responsible for the mountain building of the Transverse Ranges and the San Gahriel Mountains.
The east-west oriented Transverse Ranges/San Gabriel Mountains present an anomaly in
southern California where all the other mountain ranges are oriented northwest parallel to the
strike of the San Andreas Fault System. Paleomagnetic data indicate that the Transverse Ranges
were originally oriented north-south, with its southern and northern ends focated near the |atitude
of present day San Diego and Anaheim, respectively (Atwater, 1998; Kamerling and Luyendyk,
1985). During the evolution of the Pacific-North Ametica plate boundary, the Transverse Ranges
broke off the North America plate and rotated as a cohesive block 80-110 degrees clockwise to
its present position (Kamerling and Luyendyk, 1985). This process of rotation, which was
associated with faulting, felding, and crustal upwelling in the Transverse Ranges, continued until
about 5 mitiion years ago. The development of the San Gabriel fault, generally regarded as an
older strand of the San Andreas FFault System occurred during this time (Atwater, 1898). In
addition {o the San Gabriel fault, other active faults belonging to the San Andreas Fault System
which have formed in the Project area the past few million years include the Sierra Madre
(Sunland and San Fernando strands)} bordering the south edge of the ANF{Figure 5-1). The San
Gabriet Mountains owe their steep, youthiul southern front {o the uplift to the reverse faults
belonging to the Sierra Madre fault. However, there are many faults within the San Gabriel
Mountains, which affect the development of the geologic structure, stratigraphy and hydrogeclogy
of the Project area, but are not considered active {i.e., experienced displacement in the past
11,000 years). These inciude, Agua Dulce, Pole Canyon, Qak Spring, Magic Mountain, Lonetree,
Transmission Line, Laurel Canyon, Gooese Berry Canyon, Bad Canyon, Mendenhall, and
Slaughter Canyon faults (Figure 5-1). These inactive faults promote canyon development and
erosion by juxtaposing differing lithologies/formations and promaote and/or restrict groundwater
movement within the interconnected fractiure networks.
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5.1.3 Hydrogeotogy

Information on the hydrogeologic conditions is limited to the data collected during the
geotechnical field investigations (Authority, 2016). Although the San Gabriel Mountains are part of
the Groundwater Ambient Monitoring and Assessment (GAMA) studies managed by the USGS,
the data from this study located directly on any of the ANF tunnel alignments is limited.

As shown on Figure 5-2, the project area is a tectonically elevated terrain that extends from
Soledad Canyon on the north to the Santa Clarita and San Fernando Valleys on the west,
Tujunga Wash (i.e. Tujunga Valley) on the south and Big Tujunga Canyon to the east. The steep
topographic relief of the San Gabriel Mountains is illustrated in Figure 5-3. The surface drainage
pattern is governed by two approximately east-west trending drainage divides, the Santa Clara
Divide and the Mendenhall Divide (Mendenhall Ridge Read) {Figure 5-3}. The Santa Clara Divide
extends from the Little Tujunga Canyon Road-Sand Canyon Road ftransition eastward to
Mendenhall Ridge Road. The Mendenhall Divide extends from Little Tujunga Canycn Road at
Pacocima Road north-northeasterly whete it joins Santa Clara Divide. The Little Tujunga Canyon
and Gold Creek drainage system captures the surface run off in the Study Area south of
Mendenhall Divide. Big Tujunga Canyon is the next drainage system east of Little Tujunga
Canyon-Gold Creek drainage that is south of Mendenhall Divide. Both Big Tujunga and Little
Tujunga canyons drain southward into Tujunga Wash. Pacoima Canyon and its fributaries drain
westward between the Santa Clara Divide and Mendenhall Divide to discharge along the
northeast edge of San Fernando Valley. Numerous smaller canyons drain northward from the
Santa Clara Divide inlo the Santa Clara River and Soledad Canyon, The smaller canyons include
Sand Canyon, Iron Canyon, Pole Canyon, and Arrastre Canyon. The many small tributary
canyons capture the mountain runoff and feed into the larger canyons, which discharge the
majority of rainfall and snowmelt info the valleys ftanking the mountains as surface runoff.

Figure 5-3 Hydrology Map

Sirsam flows within the local canyons vary depending on seascnal trends in precipitation, and
with the topography, vegetation, and geology of the drainages. The flow of springs in the area
appears to vary with seasonai precipitation; however, the current database is not sufficient o

quantify the amount of water discharge from springs in the Study Area.

The groundwater table generally mimics the topegraphy as a subdued expression of the ground
surface; that is, the depth to groundwater is nearest the canyon bottoms and it is generally
deeper beneath the ridgelines and mountain peaks. This is generally the case in all crystalline
and metamorphic rock terrains, where steep hillsides facilitate rapid runoff of precipitation to
canyon bottoms, where water is directed as runoff fo larger tributaties. Infiltration is generally less
on hillsides and more within canyons and valieys, where the flow gradients are lower and
residence time is greater.

5.1.3.1  Hydrogeology of Rock Mass

The interaction between surface water and groundwater systems is governed largely by lithology,
geologic structures (e.g., faults, joints, unconformities, etc.), weathering conditions, and in-gitu
stress. Conceptually, groundwater flow within rock mass occurs in two possible ways through the
medium’s void spaces: 1) Primary porosity, and 2) Secondary porosity. For hydrogeologic flow
properties of rock masses, the terms porosity and permeability are not the appropriate
terminology. The hydraulic conductivity (K} is the property that is applicable, and is highly
dependent upon the connected void spaces where water flow is permissible. When the primary
and secondary porosity are together or are not differentiated, this is simply referred to as the
effective porosity (or effective hydraulic conductivity). In general, the effective hydraulic
conductivity of rock mass tends to decrease with depth coinciding with reduction in weathering
effects, fewer discontinuities and increasing lithostatic pressures.

Primary porosity is the connected void spaces of the intact rock, i.e. spaces between grains and
cement or interlocking crystalline minerals comprising the rock. In poorly-cemented, granular

California High-Speed Rail Autherity Palmdale to Burbank Project Section Draft PEPD March 2017

DRAFT Geotachnical Turnel feasibitity Evaluation for High Speed Rail Tunnels Beneath the Angeles National Forest Page [5-3



. . e % U3, Gaporknanl o Nonspodallon
Geolegic and Hydrogeologic Conditions s Federal Rafiroad Adminisiation

sedimentary rock, the primary porasity can be comparable to that of unconsolidated sediments.
Conversely, for well-cemented or fine-grained sedimentary, metamorphic, and crystalline igneous
rock, the primary porosity is fow and prevents water transmission. Weathering processes alter the
primary porosity of all rocks. Where cement or crystalline minerals are removed, the primary
porosity couid increase. In most cases, it is assumed that weathering of crystalline rock tends to
increase their primary porosity by altering rock chemically, accentuating defects in the rock {i.e.
fractures) and general opening of discontinuities.

Secondary porosity is the connected void spaces formed from discontinuities {e.g., joints, shears,
faults, fractures, bedding, efc.) and geologic structures. Rock mass with persistent discontinuity
systems with wide apertures open or infilled with coarse material witk have a high secondary
porosity. In some cases, such conduits may be further enhanced over time as flow occurs, water
pressures build acting to prop open the joint, finer-particles infilling the system are flushed away,
and weathering of the surrounding intact rock walls increases their tocal primary porosity. The
crientation of the discontinuities are also important. In general, near-vertical discontinuities often
are better connected to the surface as the normal stress that reduces the joint opening tends to
be lower in a gravitational stress field than the normal stress acting on near-horizontal
discontinuities. At some critical depth, the state of stress becomes so great that joint openings are
inhibited or eliminated altogether.

Depending on the style of faulting, lithology, net displacement and other faciors, faults typically
impose a high-degree of anisotropy to groundwater flow. In most cases, faults act as a barrier to
flow across the fault, and as a conduit for flow parallel {o the fault. These established
relationships are suggested within the Study Area based on the geotechnical investigations
completed to date and will be further investigated and developed in later phases of study.

With respect {o the behavior of groundwater systems, a rock mass aquifer can behave much
more complexly than sediment aquifers or other "Darcy porous mediums.” This does not preclude
the possibility for rock mass to behave as a Darcy porous medium, such as sedimentary rock or
virtually any homogenecusiy fractured or weathered rock mass (i.e., at shaliow depth). However,
in fractured crystaliine rock mass at depth, the fracture networks dominate the hydrogeologic
conditions and define the aquifers or groundwater comparfments within the rock mass. Some
observations of groundwater aquifers and behaviot are discussed in Section 6.3.1.

5.1.4 Fauited Ground

Faults can pose significant construction difficuliies for tunnels by altering the conditions of the
rock mass being mined and increasing water flows into the tunnel. Therefore, faulis should be
anticipated and accounted for when selecting the tunnel alignment, funneling methods and tunne!
fining design.

Geologic formations that once were intact and strong becorme mechanically sheared and
brecciated, altered, decomposed, and weak after being subjected to fauiting. The degradation of
the rock mass may result in face instability during mining, higher lithostatic loads on the tunnel
lining system, and facilitate higher groundwater pressures and flows in and adjacent to the faults.

Faults have the potential to act both as groundwater conduits and as barriers that often resuit in
significant variations in groundwater pressures from one side of the fault to the other. These
variations in groundwater pressures are especially critical when unexpectedly encountered during
tunnel mining. Also, high temperature groundwater may be channeied upward along faults to
shatiower depths requiring special controls to enable workers to work in the hot tunnel
environment.

Three of the six core holes were placed at inclined angles in order {0 investigate the width and
general rock mass properties of mapped faults that would intersect the tunnei alignmenis. The
faults investigated included the Transmission Line Fault and the San Gabriel fault. In both core
holes drilled through the San Gabriel fault, the rock coring operation was slowed by squeezing
ground conditions and general difficulty with keeping the core hole open after tripping out drif}
rods. Recovery of core through the fault zones also indicated extreme brecciation of the rock,
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abundant shearing and clay gouge zones for both the San Gabriel fault and the Transmission
Line fault indicating that loss of core hole integrity could be attributed to either squeezing ground
or swelling ground due to expansive clay properties. The width of the fault zones drilled in the
core holes ranged from individual fault strands that are tens of feet wide to several hundred feet
wide. The widest fault zone intersecting the alignmenis is the San Gabriel fault zone, whose width
is greatest at the E2 alignment (e.g. composed of many fault strands). The many fault traces and
shear zones at the E2 alignment are mapped as merging inio a narrow zone both at the SR14
and E1 alignments. However, isolated, single fault branches are mapped up to 6,000 feet away
from the merged zones at SR14 and E1alignment suggesting the total width is comparable at the
fault intersections. For tunneling progress, the most important factors are maintaining tunnel
advance rate and minimizing challenging mining conditions is the cumulative or net width of
gouge zones and sheared and brecciated rock. Therefore the summed {net) width of faulted
ground to be encountered by the tunnel is most important for comparison between alignments
with respect to ease of advancing the tunnei mining. The general widths and number of mapped
faults are illustrated on the geologic profiles referenced in Section 6 of this report.

Where faults intersect tunnel construction, more water flow and greater groundwater pressures
{depending on the depth below ground) should be expected. The exploratory core holes and
pressure readings at difference locations along the inclined core holes through faults indicated
that water pressures were almost the same on either side of the faults explored. From the data
collected it is unclear that the faults investigated create a groundwater barrier where explored.
However, the general hydraulic conductivity measurements indicate higher conductivity potential
in the rock surrounding the fault zone with very low conductivities closest to or within the fauit
gouge zone. The presence of the shears and more brecciated rock are indicators of higher
groundwater flows along faults and into tunnels under construction.

5.2 Geologic Hazards

Potential hazards for construction and operation of the ANF Tunnel Alignments that are directly
related to the geology include:

« QGassy ground;
+ Corrosive groundwater; and
= Active fault displacement.

Several of these hazards are mainty applicable to the subsurface portions of the ANF Tunnels,
while others, such as faulting, may be applicable to both underground and surface portions (e.g.,
portals) of the ANF Tunnels.

5.21 Gassy Ground

Gassy ground results from the migration of flammable, toxic, or asphyxiating gases into the tunnel
during construction or operation. The gas emanates from geologic materials (e.g., from oxidation
of minerals}, groundwater containing dissoived gas flowing into the tunnel, or petroleum
occurrence in formations. Tunnel Alignments have been successfully constructed through gassy
ground in southern California with proper procedures as required by the California Division of
Safely and Health (Cal/OSHA). A more detailed discussion of requirements for gassy ground is
presented in the California Code of Regulations (CCR). Based on the limited data available at this
time, the potential for gassy ground within the ANF may exist. The risk for gassy ground is higher
for tunnet lengths within or overlying Modelo Formation, which is known as a source of gas, and
oil within southern Caiifornia.

5.2.2 Corrosive Groundwater

Corrosive groundwater can damage components of the TBM, and over time may deteriorate the
concrete compromising the performance of the tunnel structure. Although relatively high sulfate
concentration is the primary cause of cotrosive groundwater, gases such as carbon digxide and
hydrogen sulfide that dissolve into groundwater form acids that may also damage construction
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materials. Based on the limited groundwater chemistry tests from samples of groundwater within
the ANF, the potential for corrosive ground and groundwater exists.

5.2,3 Active Fault Displacement

Fault displacements result from differential movement across a fault during an earthquake due fo
tectonic forces shearing the Earih’'s crust. Depending on the size of the earthquake (i.e.
magnitude representing energy release), the disptacement sometimes propagates to the ground
surface causing surface rupture and displacement of features straddling the fault such as
geomorphic features (e.g. streams, flat surfaces) or man-made structures {e.g. roads, buildings,
pipelines, etc.). Tunnels also are subject ta fault displacement causing offset of the tunnel
structure below ground due to relative disptacement across a fault or fault zone. Restoration of a
funnel would require reatignment or smoothing of the offset of the tunnel and repair of the lining
system. For high-speed train projects, the track realignment would require track straightening or
curvature restoration within the tunnel diameter to allow the train to maintain required speed for
the project.

For the HSR project, criteria have been established to recognize and classify the potential risks of
fault displacement for the railroad tunnels where they intersect Holocene-age faults. The
Holocene age (activity within the past 11,700 years) applies to three faults intersected by the
proposed tunnel alignments within ANF. Al other faults that intersect the alignments within ANF
have been inactive during the Holocene and are classified as Non-Hazardous. From north to
south all three alignments intersect the same three Holocene- age faults but at different locations.
The faulis include San Gabriel fault, Sierra Madre fault {north}, and Sierra Madre fault {south).
The Sierra Madre (north and south} are Class A Hazardous faults {Holocene age with a geologic
slip rate >1.0 mm/yr). The San Gabriel fault is currently classified as “Indeterminate” meaning that
insufficient daia exist for this faull to be assigned a classification according to the HSR criteria
(California High Speed Rail Authority, 20186)).

The Seismic Specialists Team (SST) at The Authority is tasked with providing estimates of
displacement for future fault activity.
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6 ANTICIPATED TUNNEL CORDITIONS

We have interpreted anticipated tunnel conditions considering the tunnel configurations, geologic,
hydrogeologic, and geomechanical conditions as these are relevant to the geotechnical feasibility.
Our interpretations based on the limited data and available information are presented on several
geologic profiles prepared for each of the ANF turnel alignments {Appendix A — Geologic Profiles
and Anticipated Tunneling Conditions).

The range of stationing considered in this feasibility summary is summarized in Table 6-1. in the
summary of anticipated tunnel conditions, below-grade portions within these station limits are
assumed to be tunnel. Where the alignment elevation is at-grade or where the tunnel conditions
are not applicabie to the material within the tunnel envelope, these lengths are not inciuded in the
summaries. When considering the tunnel alignments, a major difference that separates the SR14
alignment from the other two is it’s significantly shorter length within the ANF.

Table 6-1 Stationing Limits Tabulated for Anticipated Tunnel Conditions

feet 7 i _

SR14 1330400 1750400 2000 | 795
Ef 636480 1750400 | 111,120 2104
E2 638+80 1750400 | 411,420 2104

8.1 {ieologic Conditions

The interpretation of geologic conditions for the ANF tunnels is limited to the information available
from six core holes compteted within the Study Area, published maps and studies, and our
previous project experience with some of these and similar lithologies. Considering the nearty 50
miles of tunnel that are being evaluated in this report, where the existing core holes are not
iocated directly on an alignment (i.e., projected onto a profile}, we have used these as analegs to
represent the general conditions within the ANF. The geologic units, lithologies, geologic
structures, geologic hazards and other key features are summarized in the geologic profiles and
anticipated tunneling conditions (Appendix A).

6.2 Abrasivity

The abrasivity of the geologic units affects the amount of wear of the various pieces of mining
equipment. Mining in abrasive materials requires more frequent tooling replacements to avoid
overwearing vital components of the TBM cutterhead.

We have interpreted the abrasivity of the geologic units using limited testing from the ANF core
holes, published information about the geologic formations, and published correlations between
lithology and abrasivity. Figure 6-1 summarizes the descriptors and ranges of abrasivity and
correlations used to interpret the anticipated abrasivity conditions for the ANF tunnels (Appendix
A).

Figure 6-1 Abrasivity Correlations

Based on the abrasivity correlations and avaitable data, the anticipated abrasivity conditions for
the ANF tunnel alignments are summarized in Figure 6-2. From the interpreted abrasivity
conditions, most of the geologic units traversed by the ANF tunnels are anticipated to exhibit high
to extreme abrasivity.

Figure 6-2 Summary of Anticipated Abrasivity

California High-Speed Rail Authority Palmdale to Burbank Project Section Draft PEPD tarch 2017

DRAFT Geotechnical Tunnel Feasibility Evaluation for High Speed Rail Tunnels Beneath the Angeles National Forest Page |6-1



L. . U3 Pepariment of Tanspodolfon
Anticipated Tunnel Conditions @ Federai Raltroad Administration

6.3 Hydrogeologic Conditions

6.3.1 Preliminary Observations of Groundwater Behavior

Data collected during the ANF geotechnical investigations (HSR, 2016) help to demonstrate
some trends believed to characterize the groundwater system(s) within the forest where the
tunnels are proposed. These trends are relevant o the discussions of tunnel feasibility and the
potential impacts on surface water resources within the forest. The characteristics are interpreted
from both published data and field data reporied in the Geoctechnical Data Report for Tunnet
Feasibility (HSR,2016). The data include: 1) Rock mass classifications base on geologic logging
of rock core; 2) Measurements of hydraulic conductivity in exploratory core holes; 3) In-Situ
measurements of hydraulic pressures at varying depths,; 4) Water chemistry of shallow water and
deep groundwater samples; 5) Observations of springs and seeps within the ANF; and 6) Age
dating of surface water samples and deep groundwater.

The rock mass data summarized from the geologic logs of rock core and acousticat televiewer
surveys of five exploratory holes in the crystalline rocks of the ANF indicate a highly variable
occurrence of discontinuities in the overall rock mass. In general, the rock is much more
weathered, oxidized, fragmented, sheared, and pulverized near fault zones reflecting the
iocalized mechanical degradation of the native rock due to the tectonic forces of faults. Away from
faults, the condition of the rock improves with fewer discontinuities representing the broader
occurrence of in-tact rock. The patterns of discontinuities assume a consistency within the rock
mass leaving teiliale signs of stresses within the mountain that have generated consistency of
predominant joints with fairly regular spacing and orientations. Numerous sets of intersecting
joints have been identified in the core resulting in varying degrees of fracturing quantified as rock
quality designation (RQD). Quantification of the discontinuity spacings within the core illustrates
broadiy differing zones of fracturing, some with high density of fractures and other zones with
virtually no fracturing. As discussed above, in-tact crystalline rock is has essentially no ability to
carry or transmit water, whereas the fractures in the rock allow water storage {limited) and
movement along fractures. The wide variation of discontinuities and intersecting patterns of
discontinuities governs the direction and quantity of groundwater that is able to flow through the
rock mass adjacent to a fault. For example, faults are zones of dislocation that displace one side
of the fault past the other causing shearing and brecciation of adjacent rock with a preferred
orientation of closely spaced discontinuities roughly parallel to the fault trend. With greater and
greater displacement along a fault, the rock adjacent to & fault becomes a preferred path of water
flow, Away from faults, the rock quality improves but still the variations in RQD can either facilitate
or inhibit groundwater flow. Zones of completely intact rock can prevent groundwater flow forming
an impermeable barrier within the rock mass, whereas zones of low RQD are more fractured and
facilitate storage and movement of groundwater.

The in-situ hydraulic conductivity of the rock mass explored during the gectechnical investigation
was measured by use of inflatable packers to isolate fractured zones of rock within each core
hole. A high capacity pump apparatus forced water flow into the fractures of the isolated rock
zone. The rate of water flow into the fractures in the rock was converted {o effective hydraulic
conductivity. The results of the in-situ packer tesis indicate very low rates of flow demonstrating
only a very small quantity of water is able to flow through the rock mass at very slow rates. The
rate of groundwater flow is expressed in centimeters per second, which ranged through five
orders of magnitude ranging 5x10-3 cm/sec to 5x10-7 cm/sec. The wide range of recorded values
represents the nen-uniform nature of the aguifer characteristics of the rock resulting from. the
variability of fracturing and interconnection between fractures. The low effective hydrauic
conductivity values indicate that there is very little potential for the rock mass to yield large
guantities of water. The rate of flow is also dependent on the locations and frequencies of
dgiscontinuities in the rock. The low flow potential also indicates that there is very little potential for
draining wide-spread zones of water.

Hydraulic head or groundwater pressures at the tunnel depth are used as a parameter for design
of the TBM and tunnel lining system. Design and consiruction of the tunnel and lining system will
vary depending on the anticipated groundwater pressures af the funnel depth, For example, the

Idarch 2017 California High-Speed Rait Authority Palmdale to Burbank Project Section Draft PEPD

6-2| Page DRAFT Geotechnical Tunnel Feasibility Evaluation for High Speed Rail Tunnels Beneath the Angeles National Forest



o CALIFORNIA

igh-Spood Keil Autharity Anticipated Tunne! Conditions

measured pressures will help the designer apply the optimum lining system that minimizes water
losses into the tunnel. The pressure data are also necessary for planning grouting programs to
shut off water flow into or along the tunnel. Direct water pressures were measured at various
depths within each of the core holes drilled in the ANF. The pressures were measured using a
calibrated vibrating wire pressure transducer (VWPT), which senses pressure within isolated
zones of the bedrock at varying depths. The data indicate that there is a fairly constant rate of
pressure increase that tracks very well with a constantly increasing direct head of water from the
shallowest {first encountered water elevation) to the deepest VWPT for core holes that crossed
faults. In contrast, two deep core holes within in-tact bedrock masses suggested several zones of
isolated groundwater pressures that appear to unrefated (not connected) to adjacent zones.
There was a very pronounced variance from constant head increase within the anorthosite and to
a lesser degree within the granodiorite rock. The deviation in pressure data from a constant head
increase indicates that there are several zones or compartments of isolated groundwater within
the rock mass that have lower pressures than expected. These data indicate that water zones
encountered within the bedrock are not interconnected and therefore draining water from one
compartment would have minimal impact on the adjacent occurrence of water. The data imply
that a tunnel driven through in-tact bedrock at depth may not have any influence on the shaflow
groundwater (i.e. sources of springs). In contrast, the constant hydraulic head increase with depth
near the fault zones explored suggests that there is an open vertical path of water to flow from
shallow to deeper zones demonstrating connectivity near faults.

Water resources monitoring was implemented in the vicinity of the three tunnel alternatives
beneath the ANF, The monitoring program encompassed 20 known springs at various locations
on USFS land. One monitoring cycle was completed during the end of the summer season an
September 16, 2016 to assess access to the sites and make initial observations of the spring
conditions. The first cycle of spring observations discovered that the long preceding dry years had
resulted in most all of the springs being dry or evidenced only by wet soil or greener vegetation
where the spring had been identified. From this first documentation of springs in the ANF, the
conciusion is that protracted drought can result in the documented springs ceasing flows during
late summer. This indicates that the springs ate not fed by deep sustained water resources, but
that the springs are dependent on seascnal wet cycles in order to maintain their flow.

Chemistry of deep water sampies coliected from the geotechnical core holes were analyzed for
general chemistry, for radio-carbon age dating, and for radio nuclides to compare results to
published water chemistry from the GAMA analytical test results. Many of the samples collected
from deep within the core holes contained residual potable water used for rock core driliing
indicating that the purging cycle o remove all potable water had not been long encugh to draw in
the native deep groundwater for sampling. The general chemistry of the water tested by the
USFS GAMA program indicates a calcium bicarbonate (Ca-HCO3) type of water, whereas the
deep water from our field exploration indicates the uniquely different chemistry of a calcium
sulfate (Ca-S04) type of water. These differences demonstrate that the water sources for GAMA
program, which are from shallow wells are not connected to the deep groundwater sampled and
tested for the geotechnical investigations. The results of the carbon-14 age dating also indicates
that the water collected from deep in the mountain is at least 4,500 years old and has not been
replenished or recharged by younger shallow rain water. So far, the results from water chemistry
iesting suggest that the deep water within bedrock units beneath the ANF has not been mixing
with shaliow water that supplies wells and springs with water.

6.3.2 Hydraulic Conductivity

The hydraulic conductivity of the various geologic units and the groundwater pressures
anticipated within the tunhel envelope are interpreted from in-situ testing and instrumentation data
obtained from the six core holes within the ANF, published information for similar geclogic
conditions, and cur previous project experience.

The hydraulic conductivity of the geologic units interacting with the tunnels are important as these
affect the potential for inflows during construction and operation, and the groutability of the
geclogic units.
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Table 6-2 summarizes the descriptors used for the anticipated hydraulic conductivity conditions
for the ANF tunnels (Appendix A). For the Proterozoic- and Mesozoic-age igneous and
metamorphic rogk lithologies tested within the ANF core holes, we have piotted the resulting
ranges of hydraulic conductivity along with compiled published ranges of data from other rock
lithologies (Figure B-3). For locations where there are data gaps, we have interpreted the
hydrawlic conductivity considering the rock lithotogy and potential fracturing.

Figure 6-3 Hydraulic Conductivity Correlations

Table 6-2 Hydraulic Conductivity by Generalized Lithology

= Sediments comprised of gravel
Very High 10-101 >50 = |ntensely fractured (karstic) limestone or basait
= Rock mass with many open joints

= Sediments comprised of sand
High 10 -103 5-50 = [niensely fraclurad ignecus or sedimentary rock
* Rock mass with only some open joints

= Sediments comprised of fine sand, or interlayers of siit or clay
» Coarse- to medium-grained sedimentary rocks

Moderate 103 - 105 -5 | » Fractured sedimentary, igneous, and metamorphic rocks
» Rock mass with small joint openings, openings with impervious infill, or
few joints

= Sediments comprised predominantly of silt or clay
Low 165-107 0.01-1 | = Fine-grained sedimentary and igneous rock, metamorphic rock
= Rock mass with tight joints, openings with impervious infill, or few joints

= Sediments comprised of homogeneous clay
Very Low <107 <0.01 | = Shale and evaporite
» Rock mass with tight joints, openings with impervious infill, or few joints

Sources: Isherwood, 1979; Goodman, 1981; Jasger et al,, 2007; Domenico and Schwartz, 1990; USBR, 1958; Fell et al,, 2005; Freeze and Cherry,
1878,

Figure -4 summarizes the anticipated hydraulic conductivity for the rock types cored within the
ANF. Based on the data collected for the feasibility study, the SR14 alignment is anticipated to
have the longest portion of tunnel within geclogic units anticipated to have high hydraulic
conductivity.

Figure 6-4 Summary of Anticipated Hydraulic Conductivity

6.3.3 Groundwater Pressures

The groundwater pressures are one of the key features to consider when designing and
construcling a watertight tunnet lining. The feasibility for watertight linings are generally limited to
magnitudes of water pressure less than about 4C bar (580 psi}, based on specifications for the
Hallandsas Tunnel in Sweden. The Arrowhead Tunnels lining systems were proof tested up to the
27 bar (390 psi) to meet the anticipated design requirements (Swartz et al.,, 2002). During
construction, potential inflows are proportional to groundwater pressure gradient.

tlarch 2017 Califorpia High-Speed Rail Authority Palmdale to Burbank Project Section Draft PEPD

6-4| Page DRAFT Geatechnical Tunnel Feasibility Evaluation for High Speed Rail Tunnels Beneath the Angeles National Forest



52 CALIFORNIA
High-Specd faif Authorify Anticipated Tunnel Conditions

The groundwater pressures are interpreted from instrumentation data avsitable for the six core
holes within the ANF, published data of groundwater resources within the ANF [i.e., as shown on
Appendix A.9 in the Draft GDR {Authority, 2018)), and topographic and hydrogeologic trends,
Table 6-3 summarizes the descriptors used for the anticipated groundwater pressure conditions
for the ANF tunnels (Appendix A). The groundwater pressures within the tunnel envelopes will be
governed by how the tunnels penestrate the rock mass aquifer(s). Based on the limited data from
the six coreholes, where multi-paint vibrating wire piezometers (VWP) were installed, the tunnel
envelopes will likely penetrate zones where there is only a single rock mass aquifer overlying the
tunnel {i.e., an unconfined aguifer) and zones where there are several rock mass aquifers
overlying the tunnel and the tunnel only penetrates one of these at a time as it raverses along the
alignment (i.e., a confined aquifer). In reality, there will likely be overlapping zones where the
tunne! penetrates from one rock mass aquifer to another where these zones are merged to some
degree {i.e., leaky aquifer).

Based on the depth versus groundwater pressure trends ohserved from the instruments
monitored from five coreholes within the ANF, most of the locations {i.e., all except Core Hole E1-
81} appear to deviate only slightly from that exhibited from a single unconfined rock mass aquifer,
Core Hole C-1 was only recently completed and monitoring data has not been evaluated to-date.
The prevalence of unconfined rock mass aquifer systems observed from the core hoies within the
ANF are fikely biased by the core hole locations, which in several core holes were intended fo
investigate faults. In other words, several of the core hole locations were specificaily selected to
penetrate faults and resulting fractured rock mass in order to represent worst-case scenarios of
rock quality.

In our interpretations of groundwater pressure, we have assumed the following cases:

s A single unconfined rock mass aquifer for all geologic units penetrated by the SR14 and E2
tunnel envelopes, and the E1 tupnel envelope with the exception of wherte it penetrates
anorthosite-gabbro complex at depths greater than 1,000 feet. The groundwater pressure is
estimated from an assumed groundwater surface and the resulting hydrostatic pressure at
the elevation of the tunnel envelope.

+ Multiple rock mass aqguifers for the E1 tunnel envelope, where the tunnel is deeper than
1,000 feet and penetrates anorthosite-gabbro complex, the multiple rock mass aquifer system
and groundwater pressure trends exhibited in the Core Hole E1-B1 VWP are superimposed
to estimate the groundwater pressure at the elevation of the tunnel envelope.

Table 6-3 Descriptors for Groundwater Pressures

Hberintn
Low <78 | <5
Moderate 175-350 75-150 5410
High 350-850 150-370 10-25
Very High 850-1,175 370-510 25-35
Extremely High >1,175 >510 >35

Figure 6-5 presents a summary of the anticipated groundwater pressures. Based on the limited
data and our interpretations, the E1 and E2 alignments have three to five times the lengths of
tunnel where the groundwater pressures are anticipated to be very high to extremely high,
compared tc the SR14 alignment,. The highest anticipated groundwater pressures for portions of
the SR14, E1, and E2 alignments are anticipated to be as high as 50 bar (SR14 Station
1626+00), 50 bar (E1 Station 1278+00) and 60 bar (E2 Station 1328+00), respectively.

Figure 6-5 Summary of Anticipated Groundwater Pressures
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6.4 intact Rock Strength

The intact rock strength is a key feature to consider for tunnel mining and support. Where the
intact rock is strong and the rock mass is unfractured, the advance rate of the TBM may be
siower as it can take more time and effort to chip and digest this material at the excavation face.
However, a strong and unfractured rock mass is less disturbed by the excavation process and
may require less support. In zones of intact rock, grippers on the TBM can also be used to help
provide thrust for the TBM. Intact rock strength will vary for the varicus geologic units with
weathering grade and proximity o faults.

intact rock strength data is obtained from the six core holes within the ANF, published information
for similar geclogic conditions, and our previous project experience. Table 6-4 summarizes the
descriptors used for the anticipated intact rock strength conditions for the ANF tunnels (Appendix
A). Figure 6-6 presents a summary of the anticipated intact rock strength conditions for the ANF
tunnels. Based on our interpretations, the overall intact rock strength is greater for the E1 and E2
tunnels as these traverse more of the crystalline igneous and metamorphic rock of the San
Gabriel Mountains. However, the E1 and E2 tunpels have longer reaches of tunnel in very soft to
moderately soft rock.

Table 6-4 Descriptors for Intact Rock Strength

MPa,

RO extremely weak very soft 0.25-1.0
R1 very weak soft 1.0-5.0
R2 weak moderately soft 5.0-25
R3 medium strong moderately hard 25-50
R4 strong hard 50-100
R5 very strong very hard 100-250
R6 exiremely sirong exiremely hard >250

Source: Adapted from ISRM, 1978 and Caitrans, 2010.

Figure 6-6 Summary of Anticipated Intact Rock Strength

8.5 Hock Mass Conditions

The rock mass conditions are another key feature to consider for tunnel mining and. Rock mass
conditions are used to predict ground conditions {i.e. how the ground behaves during and shortly
foliowing the excavation process), and to design the TBM and tunnel lining system. These
conditions can also be used to estimate TBM advance rates, grouting characteristics, and fo
develop other rock mass properties for seismic engineering.

Rock mass data are obtained from the six core holes within the ANF, published information for
similar geolegic conditions, and our previous project experience. Table 6-5 and Table 6-8
summarize the descripters developed by Bieniawski (1989}, Hoek et al. (1995) and Barton et al.
1978) used for the anticipated rock mass conditions for the ANF tunnels (Appendix A). Rock
Mass Rating (RMR) and Geological Strength index {GSI) are closely refated rock mass
characterization/classification systems (Table 8-5). In treatment of the rock mass properties, the
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rock mass quality (Q) is not as closely related to RMR or GSI, but is roughly correlated using the
following relation (Bieniawski, 1993).

RMR =8 In Q + 44

Therefore, in interpreting rock mass conditions, we have considered RMR and then correlated
these 1o Q using the descriptor ranges and the relation cited above.

Table 6-5 Descriptors for RMR and GS}

2140 il Poor
41-60 i Fair
81-80 tv Good
81-100 V Very Good

Source: Bienlawski, 1989.

Table 6-6 Descriptors for Q

0.001-0.004 Exceptionally Poor

0.004-0.1 F Extremely Poor
0.1 E Very Poor

1-4 o Poor

410 C Fair

10-40 B Good
46-100 A Very é'ood
100-400 A Extremaly Good
400-100G A Exceptionally Good

Source: Barton el al, 1994,

Figure 6-7 presents a summary of the arficipated rock mass conditions according to RMR for the
ANF tunnels. Based on limited data and our interpretations, the overall rock mass conditions are
only slightly more favorable for the E1 and EZ tunnels. However, the sum of tunnel sections in
very poor to poor rock mass for E1 and E2 is longer than the sum of tunnel sections in very poor
fo poor rock mass for SR14 by over 10,000 feet.

Figure 6-7 Summary of Anticipated Rock Mass Conditions

6.5 In-Situ Siress

The in-situ stress conditions are important for feasibility as stresses affect tunnel mining and
support requirements. Anisotropic stress fields may result in TBM steering difficulties, instabilities
in short spans that are temporatily unsupported, or overstressing of tunnel support. In-situ stress
is governed by the lithostatic stress, which is the overlying weight of the rock mass (i.e., the
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average unit weight including the intact rock, joints, groundwater and infill}, and in some cases
tectonic stresses caused by active faults or other geologic structures (e.q., antiforms, synforms,
efc.)

As described in the Draft GDR {Authority, 2016}, in-situ stress testing was performed in two core
holes {Core Hole E4-B1 and ALT-B3) as part of the ANF investigation. The purpose for in-situ
stress festing is to establish the magnitude and orientation of the principal stresses, Orienting the
tunnel parallel to the maximum harizontal stress {oH) has advartages in terms of tunnel support
as this stresses the lining axially (compression) instead of dgiametrically {e.g., both compression
and tension). Conversely, orienting the tunnel paraliel to oM may result in greater ground loads at
the excavation face. However, this is still more desirable than having larger ground |oads in the
sidewalls. In & gravitational stress field, the vertical (ov) or lithostatic stress is the major principal
stress (g1). Therefore, the intermediate (02} and minor principal (03) stresses are both oriented
perpendicular o o1 and each other in the hotizontal plane. In this scenario, the minimum
horizontat stress {oh} is 03 and the maximum horizontal stress (oH) is 2.

The test results from Core Hole £E1-B1 over several intervals indicate the stress field within the
anorthosite-gabbro complex are likely gravitational. Therefore, o1 can be estimated from the
thickness of overburden and the total unit weight of the rock mass. For hard to extremely hard,
moderately fractured to unfractured, crystalline rock mass, we estimate the total unit weight of the
rock mass to be on the order of 1.20 to 1.25 psi per foot. The lateral earth pressure coefficients
{Ko,H and Ko,h) were estimated to range from 0.57 to 0.67. At Core Hole E1-B1, the orientation
of the maximum horizontal stress (oH) is potentially northwest-southeast (approximately 136 to
316 degrees). At Core Hole ALT-B3, in-situ testing was only successful over a single interval of
about 20 feet. From the tests within this interval, the oH was |larger than the estimated lithostatic
or vertical stress {ov). This indicates a non-gravitational or tectonic stress field. These results
suggest o1 = o, 02 = gv, and 03 = oh. In terms of lateral earth pressure coefficients, which are
defined as the ratio of the vertical to lateral stress (Ko,H or h = ov / oH or h), these were 1.23 and
0.93. The orientation of oH at Core Hole ALT-B3 is potentially northeast-southwest
{approximately 50 to 230 degrees).

For defining in-situ stress conditions on the geologic profiles and anticipated tunnel conditions
(Appendix A), we utilize the descriptors in Table 6-7 that are related to the thickness of
overburden and a range of o1. Where the stress field is tectonic, ot may not be vertical (i.e., the
lithostatic stress), the stress field may be highly anisotropic, and stress conditions may change
abruptly depending on lithclogy.

Table 6-7 Descriptors for In-Situ Stress

= Gravitational stress.ﬁeld.s with low cove r. .
Low <250 <300 o , ,
= Non-gravitational stress fields with low o
= (ravitational stress fields with moderate cover
Moderate 250-1,000 300-1,200 o )
= Nen-gravifational stress fields with moderate o
High 1.000-2.000 4 9002400 = Gravitational siress figlds with high cover
'9 ' ’ ' ' = Non-gravitational stress fieids with high o
) = Gravitational stress fields with very high cover
Very High >2,000 >2,400 L , ) .
= Non-gravitational stress fields with very high gy
= Stress field is non-gravitational, anisotropic, and can
Tectonic *Any *Any change abruptly depending on the competency of the
geologic units and their distribution
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Figure 6-8 presents a summary of the anticipated in-situ stress conditions for the ANF tunnels.
Based on limited data and our interpretations, E1 and £2 have the greatest length of funnels
where the in-situ stress is anticipated to be high to very high. The maximum overburdens for the
SR14, E1 and E2 tunnels are approximately 2,100 feet (i.e., SR14 Station 1626+00 and £1
Station 1167+00) and 2,650 feet (i.e., E2 Station 1338+00}.

Figure 6-8 Summary of Anticipated in-Situ Stress

8.7 Ground Conditions

In the tunnel industry, ground condition is & term used to describe how the ground responds
during or shortly following excavation. The ground conditions affect the feasibility with respect to
the mining and support requirements and are related to the geomechanical properties of the
geologic units or rock mass conditions, the in-situ stress, groundwater conditions and the
excavation method. There are different descriptors that are applied to soil (Tunneiman's Ground
Classification) and rock {(Squeezing Degree). In some conditions, e.g. where the rock mass is
faulted or weathered, the rock mass may be reduced to intermediate geomaterials that behave
more similar to soil. Therefore, we've adopted descriptive terms compiled by Singh and Goel
{1999), which include terms that are commonly used for rock or soil {Table 6-8).

For the ANF tunnels, squeezing is likely an important factor in tunnel feasibility. Squeezing occurs
where the rock mass strength (oc} is substantially less than the reconfiguration of the siress (i.e.,
post-excavalion stress) around the openings at the excavation face and sidewalls, the rock
surrounding the T8M or lining can deform inward elastically and plastically {i.e., tunnel closure)
following excavation. If this deformation is not accounted for in the design, the TBM may become
frozen in the ground, or the lining could become overstressed. Although the mechanisms are
different, the ground response from swelling is similar to squeezing, as swelling can result in
tunnel closure and TBM entrapment. In general, substantial lengths of tunnel with ground
conditions that describe soil and intermediate geomaterials occur in areas of lower in-situ stress.
Therefore, these are not considered as being as critical to the tunnel feasibility. These and other
ground conditions used as descriptors for the ANF tunnels (Appendix A} are summarized in Table
6-8.

Our interpretations of the ground conditions, based on the limited data, are derived from the six
ANF coreholes, published information regarding the geologic units, and previous project
experience. Figure 6-9 presents a summary of the anticipated squeezing ground conditions for
the ANF tunnels. Based on our interpretations, the E1 and EZ tunnels are anticipated to have
longer lengths of tunnel within moderate to heavy squeezing ground than the SR14 tunnel.

Figure -9 Summary of Anticipated Ground Conditions

Table 6-8 Descriptors for Ground Conditions

Self Unfractured to » Adequate stand-up time | » Identify potential wedges, rock
supporting slightly fractured, lo instalt support biocks in crewn and walls reguiring
hard rock mass = Doss not require initial reinforcing as necessary during
Firm Stiff, cohesive or = Adequate stand-up time | = [dentify potential zones where
strongly cemented to instali support degree of camentation is fess that
soil or soil-like = Doss not require initial have the potential fo run or flow
California High-Speed Raii Authority Paimdale to Burbank Project Section Dr_aﬁ PEPD March 201.7‘
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Non Slightly to Adequate stand-up time Install tunnel support with delay
squeezing moderately to instafl support necessary o allow release of
fractured, hard rock Does not require initial strain-energy within rock mass
mass with a stress support
fo strength ratio less
than 1
Raveliing intensely fo very Blocks drop from the Instadi initial support shortly after
intensely fractured face, crown or walls excavating o prevent
rack mass or siff, shortly after excavation. overbreakage
cohesive or weakly Inadequate stand-up Heavy crown and wall pressures
to moderately time to instal} support should be considered in design
cemented soil under Requires initial suppori
moderate to high ~eq ppar,
stress limiting unsupported
spans, andfor rapid
installation of support
Milg Slightly to Inadecuate stand-up Install initial suppert shortly after
squeezing moderately time to install support excavating to prevent heaving in
fractured, soft to Excavation deforms invert of funnel
hard rock mass with plastically decreasing Install tunne! support with litie
a stress to sirengtz; the tunnel diameter delay
;antéoiggza;the;nth\san (closuie) on the order of Side pressure shouid be
110 3%. considered in design
Mederate infensely o very Inadequate stand-up Initial support should be installed
squeezing intensely fractured, time to install support as early as possible fo reduce the
or soft rock mass Rate of closure is more rate of closure or fo limit closure
with a stress to rapid than mid Tunnel excavation diameter should
strength ratio squeezing ground with be increased fo atiow for desired
f;reater than % and a closure magnitude on closure
ess than 5 the order of 3 to &% Wall pressure shouid be
considered in design
Instrumentation is essential
High Rock mass or scil Inadequate stand-up Initial support shouid be installed
{Heavy) with a stress to time {0 instali support as early as possible to reduce the
squeezing strength ratio Rate of closure is more rate of closure or to limit closure
greater than 5 rapid than moderate Tunnel excavation diameter should
sgueezing ground with be increased to allow for
a closure magnitude > acceptable closure
% Invert support should be installed
Excavation deforms as early as possible to mobilize
irregutarly resulting in support capacity
irregular cross-section TBM steering may be difficult
Instrumentation is essential
March 2017
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Swelling Rock mass or soil = Expansive clays absorb Tunnel excavation diameter should
with expansive clay water and expand be Increased to allow for expected
minerals that have volumetricaily resulting swelling
natural moisture in some degree of Measures should be made to Hmit
contents near or tunnel closure or moisture being absorbed by
less than their figuid swelling pressure where swelling clay during and following
limit support is placed in construcion

advance of swelling Tunnel closure should be
measured

Running Decomposed to Blocks, grains or Forepoiing, grouting or other
highly weathered, particles fall or "run” into grolind improvements may be
very intensely tunnal from the face, necessary to stabilize ground and
fractured to invert, crown or walls reduce the risk of mining-in-place
earthlike Excavated volumes and advance
unsaturated rock should be monitored closely
mass or
cohesionless soil or
sail-like material

Flowing Decomposed to Mixture of rock or scif Forepoling, groufing or other
highly weathered, and water material ground improvements may be
very intensely flows into tunnel like a necessary to stabilize ground and
fractured o viscous fuid from the reduce the risk of mining-in-place
earthlike saturated face, invert, crown or Dewalering ahead of excavation io
rock mass or walls reduce water pressure
co_he_smiess gmi or Excavated velumes and advance
soi-ke material, should be menitored closel
usually under water y
pressure

Rock Unfractured to very Partions of massive, Rock anchers installed in portions

bursting, slightly fractured, unsupporied rock of tunnef where slabbing is evident

Slabbing, hard rock mass explode, elastically or where there is a delay before

Spalling under moderate fo daform rapidly, or pop installing support
high stress from unsupported areas Micro-seismic monitoring essential

of the face, invert,
crown or walls

Source: Singh et al,, 1999,

6.8 Fault Zones

Three wide fault zones intersect the tunnel alignments as Hustrated in the drawings in Appendix
A. These wide fault zones are San Gabriel fault, Slerra Madre fault {north), and the Sierra Madre
fault (south). The wide fault intersections consist of muitiple smatller faults and several wide fault
gouge zones consisting of clay and silt gouge, rock flour and crushed rock. Adjacent to the fauit
gouge are zones of crushed and sheared rock, weathered rock and highly fractured and jointed
rock. Joint infillings may be clay and silt as well as crushed rock with some healed by carbonate.
The degree of jointing and fractured rock usuaily decreases away from the fault gouge zone until
the rock mass escapes the imprint of deformation and weathering associated with the fault zone.
This is usually a few hundred feet of iransition to intact rock mass. Other smaller faults also
intersect the tunnel alignments to differing degrees as shown on the drawings (Appendix A). The
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smaller fault zones are similar to the wide fault zones in appearance with a narrower core of fault
gouge and narrower zones of sheared and brecciated rock adjacent to the gouge zone. Primarily
the difference between faults is the width of the fault zone in the rock mass as it intersects the
tunnel. The width can appear wider than the actual fault width if the tunnel intersects the fault at a
small angle. For evaluating feasibility of tunnel construction, three fault widths (I, Il, and IH) have
been labeled on the drawings (Appendix A) to distinguish those faults to be considered for
construction feasibility as follows.

I Fault width that is <20 feet (<10 feet on either side of gouge zone). Fault width Category 1 is
not expected to cause difficulties for mining or TBM operation except for limited wedge or block
failures resuiting from the fault and joint intersection geometries. Small increases of groundwater
flow should be anticipated along the fault with the potential for the fault causing a groundwater
barrier in the host rock.

I — Fault width that is approximately 20 to 100 feet (10 to 50 feet on either side of gouge zone),
and is usually one fault strand of a named fault (e.g. Transmission Line fault and Lone Tree fault).
Category I width faults will result in noticeable increases in groundwater flow and will likely result
in a groundwater barrier in the host rock. Some convergence of the tunnel may be expected but
will be of imited extent.

il — Fault width that is approximately 100 to 200 feet (50 to 100 feet on either side of gouge
zone), and contains substantial gouge zone(s). A single named fault (e.g. San Gabriet fault) may
have multiple fault strands in this category that when combined are an additive width. Fault width
Category 11 will be most challenging for mining and for TBM operation. Tunnel wall convergence
should be expected accompanied by high groundwater flows into an apen funnel adjacent to the
fault zone. Depending on the depth below ground, high groundwater pressures may occur at the
tunnei depth. Other likely ground conditions may include running ground and flowing ground. The
anticipated ground conditions will be the most challenging of the three fault width categories.

6.9

A summary of the tunneling conditions for each of the proposed alternative alignments within ANF
is presented in Table 6-8.

Summary of Tunneling Conditions

Table 6-9 Angeles Nationai Forest Tunneling Conditions Summary

Total All Tunnel 24.27 23.32 226

Lengths for Entire

Project {mi)

Number of All Ten Four Six

Portais

ANF Tunnel 7.22 18.75 18.79

Lengths (mi}

Number of Narrow- | Ning / 180 Feat Net Three / 60 Feet Net Width | Six/ 120 Feet Net Width

Width Faulis (1) / Widih

Net Width (ANFY

Number of Two { 200 Feet Net None /00 Fest Net Width | One / 100 Feet Net Width

Medium-Width Wid:h

Faults (1§} / Net

Width (ANE "

fgur?be{rﬂff V»{:jid:‘- Four/ 800 Feet Nat Four / 800 Feet Net Width | Thirteen / 2,600 Feet Nat
aults {1}/ Ne : ;

Width (ANF}” Width Width

idarch 2017
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Anticipated Tunnel Conditions

Total Width of
Gouge, Crushed
and Sheared Rock
Zones (ANF}

1,180 Fest

860 Feet

2,820 Feet

Maximurrs Distance
hetween Sierra
Madre fault zone
fraces (north and
south segments)

2.85 Miles

2.75 Miles

1.45 Mites

Maximum Distance
between San
Gabriel fault zone
traces

1.2 Mites

0.4 Miles

1.2 Miles

Approximate
QOverburden at San
Gabriel Fault

1,600 Fest

700 Feet

f,TOO Fest

Maximum
Owverburden

2,060 Feet

2,060 Fest

2,650 Feet

Tunnel Length with
pressures above
25 Bar and less
than 38 bar

0.6 Miles

2.6 Mites

2.1 Miles

Tunnel Length with
pressures above
35 Bar

1.0 Mile.

4.3 Miles

4.5 Miles

Known Springs,
Wells in ANF, and
HSRA Monitoring
Points Within One
Mite

Two Inactive Wells
No Springs
ALT-B2 and ALT-B3

One Active Well
Three Springs
E1-B1, E1-B2, and FS-B1

Three Inactive Wells
One Active Well
Nine Springs

FS-Bt and C-1

*Narrow-Widih Faults assumed to be less than 20 feet of gouge, sheared and crushed rock (Category 1); Medium-Width Faults assumed to be 20 1o
100 feet of gouge, sheared and crushed rock (Category t); Wide Faults assumed 1 be 100 to 200 feet of gouge, sheared and crushed rock
{Category itl). Net width is the sum of widths of individual fault widths.
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7 TUNNEL FEASIBILITY EVALUATION

During the selection and evaluation of potential tunnel alignments through the Angetes National
Forest, major conditions affecting tunnel feasibility were identified and discussed between the
Regional Consultant (RC) and HSRA (Authority). Many of the conditions have been documented
to varying degrees in historical southern California projects that have encountered adverse
conditions affecting tunnel design and construction methods, and impacts to groundwater,
surface water and habitats. Ali of the concepts and critetia discussed in this study are preliminary
and for feasibility level assessments. More detailed geotechnical investigations and engineering
evaluations will be required to establish design parameters, construction methodology, and
mitigation measures for the selected alignment.

7.1 ANF Feasibility Assumptions

During the initial stages of the feasibility evaluation, the Authority developed several design
guidelines as Technical Memoranda (TM) to be used in the feasibility evaluations. These TMs
provided guidelines concerning the location of the ANF tunnel alignment and profile, infersections
with Hazardous faults, potential water pressures, avoidance of environmental constraints, and
adverse ground conditions.

The key criteria and assumptions considered in the ANF tunnel alignments feasibility evaluation
include the following:

«  Watertight tunnel linings designs have been successfully constructed to withstand 25 bar of
sustained groundwater pressure (approximately 360 psi or 850 feet of hydraulic head);

+ Both drained and undrained tunnel lining designs are possible;

« Unless the lining design and construction technology can be improved, it is likely that
groundwater leakage cannot be prevented along the entire reach of any of the ANF tunnels;
and

» Fault displacements can be accommodated by design for specified displacement magnitude
and slip direction.

7.4 Tunnel Design and Construction Constraints

The feasibility of tunnel design, excavation and support is largely governed by the ground
conditions, and groundwater pressures and inflows during tunnel construction and/or operation.
Typically, in long tunnels, using TBM and a pre-cast concrete lining system is the most
economical because of cost and schedule. However, in most tunneling projects, appurtenant
tunnel components (i.e., cross passages, utility chambers, etc.) are constructed using a variety of
methods {e.g., drill and blast, mechanized mining using a shield and roadheader, etc.} and
support systems (e.g., shotcrete and rockbolts, steel sets, truss systems, etc.).

7.2.1 Ground Conditions

The ANF tunnets will encounter a wide spectrum of ground conditions ranging from soft ground to
hard rock conditions. The ground conditions are governed by the geologic units (i.e., lithology or
alluvial sediments), geologic structures, in-situ stress, groundwater conditions, rock mass
conditions, and excavation methods. With respect to the feasibility of the ANF tunnels, the most
adverse ground conditions are likely zones of heavy (high) squeezing in proximity to faults where
the rock mass surrounding the tunnel “squeezes” causing tunnel closure (convergence) of 5
percent or more. In such conditions, it may be necessary 10 install temporary reinforcing to
maintain safety and control the rate of closure, and allow some degrea of deformation to occur
before installing the final support. The excavation diameter within these zones should carefully
consider the ground load and tolerable deformation for the tunnel lining system.

The ground conditions should be carefully considered in the TBM selection and design. Based on
the anticipated ground conditions, the more adverse ground conditions {i.e., squeezing, high
groundwater pressure) will likely require a TBM that can operate in closed-mode [e.g., an £arth
Pressure Balance (EPB) TBM, Slurry TBM, or Crossover TBM]. Such TBM technologies have
been successfully used to mine tunnels subjected to groundwater pressures as high as 1110 15
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bar {Hallandsas Tunnel, Sweden and Lake Mead Tunnel, Nevada). To avoid the risks of the TBM
becoming frozen (entrapped), the TBM and lining system should be designed such that the thrust
necessary to overcome shield friction from squeering ground can be accommaodated.

7.2.2 Groundwater Pressures

The maximum groundwater head {pressure) of about 850 feet {25 bar) assumed for the
conceptual tunnel lining fs considered state-of-the-art for a watertight, precast, segmental lining
for the proposed tunnel diameter. Therefore, development and testing of lining systems for
pressures greater than 25 bar (360 psi) and a watertight lining requirement is needed to mitigate
groundwater impacts. Based on conceptual design considerations, the TBM-excavated tunnels
would be fined with a one-pass system, consisting of bolted and gasketed precast concrete
segments with the capability to resist approximately 25 bar of groundwater pressure; the concrete
segments would have an effective hydraulic conductivity of approximately 1x10-8 centimeter per
second (cm/sec). As a result, where the external groundwater pressure is 25 bar or less, inflows
into the completed tunnel are considered negligible.

Where groundwater pressure exceeds 25 bar, it is assumed that the lining would leak, or be
designed to leak, to the extent that the maximum external water pressure would be limited to 25
bar or less.

7.2.3 Groundwater Flow Potential

Drainage of groundwater from the rock mass into the tunnels can accur during construction, and
also after the tunnels are completed if the lining is not watertight. The amount of drainage that
occurs during construction will be dependent on the hydraulic conductivity of the rock mass,
depth of the tunnel relative to the groundwater level {i.e. pressure) above the tunnel, and the
construction methods used. The extent to which water drains from the rock mass following
construction will be dependent on the ability of the tunnel's final lining system {o resist the
hydrostatic pressure. However, a smaill amount of leakage Is inevitable for most lining systems.

At tunnel depths within the ANF, the rock mass generally has a low to very low hydraulic
conductivity. The shallow zones have moderate to low hydraulic conductivity. Therefore,
groundwaler flow through the rock mass is generally expected to oceur at a slower rate at depth
than near the ground surface. This condition could be favorable in terms of limiting the potential
effects that tunnel construction could have on water resources in the vicinity of the project.
However, focally, more intensely fractured zones may have higher hydraulic conductivity and
allow more rapid water flows through the affected rock. This is assumed to occur in association
with fault zones,

Faull, shear, or fracture zones that are present in the rock mass typically have higher conductivity
than the general rock mass. Where crossed by the tunneis, such fracture zones could introduce
relatively high water flows into the tunnels, causing significant hazards and/or difficulty during
construction. Under the assumption that a TBM will be used to excavate the tunnels, inflows may
come from the heading area (the zone around the TBM ahead of where the funnel lining is
installed} and through the completed tunnel lining.

Thie main method for mitigating tunneti flooding is through probing and pre-excavation grouting.
According to the Tunnel Safety Orders of the CCR, Cal-OSHA requires a minimum of 20 feet of
tested ground ahead of the excavation face in tunnels where there is a likelihood for dangerous
accumulations of water, gas or mud within 200 feet of the working area. If the ANF Tunnel
Alignments are constructed using TBMs that apply a positive face pressure, tunnel flooding is
prevented so long as the TBM operating pressure is greater than the groundwater pressure in the
vicinity of the excavation. Additional precautions may be necessary (e.9., Using compressed air)
during TBM intervention {(mandatory access fo the TBM cutterhead) or maintenance when the
tunnel is not being advanced for prolonged periods of time and groundwater pressures begin to
racover. Once the tunnel is completed, the cast in place or gasketed funnel lining system is
designed to prevent leakage through the lining system.
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7.2.4 Gassy Ground Mitigation

Once a preferred tunnel alignment has been selected and a preliminary investigation is
completed, the CCR Subchapter 20 Article 8 require a tunnel classification be obtained from
Cal/lO8HA with respect to flammable gas or vapors. Depending upon the Cal/OSHA
classification, various gas monitoring and ventilation methods may be required during tunnel
construction and operation. Based on the limited data available at this time, the potential for
gassy ground within the ANF may exist. The risk for gassy ground is higher for tunnel lengths
within or overlying Modelo Formation, which is known as a source of gas, and off within southem
Caiifornia. However, conventional tunneling methods and ventilation systems appear to be
feasible to mitigate gas and ventilate the tunnels during construction and operations.

7.2.5 Corrosive Groundwater Mitigation

Based cn the limited groundwater chemistry tests from samples of groundwater within the ANF,
the potential for corrosive ground and groundwater exists. Corrosive ground and groundwater can
be mitigated by the use of corrosion resistant concrete mix and admixtures. As more information
and data is collected for the selected tunnel alignment, project-specific designs would need to
consgider the effects of corrosion on the tunnel structures and components.
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8 SUMMARY AND PRELIMINARY CONCLUSIONS

Following is a summary of the geotechnical feasibility evaluation of the ANF Tunnel Alignments
through the San Gabriel Mountains, prefliminary findings, and conciusions. The significant
tunneling and ground conditions are surmmarized in Table 6-9 (Section 6.9 of this report).

Based on the results from a limited field investigation, the geologic and hydrogeologic conditions
along the tunnel alignments present significant design and construction challenges.

Design and construction challenges within the ANF could be overcome with adequate site
characterization and proper pianning and design. Specifically, the major challenges are:

¢ Squeezing ground will be encountered, affecting TBM performance and possibly forcing TBM
rescues.

*  Active fault zones intersect the tunnel alignments resulting in the need for special designs for
tunnel linings and enlarged tunnel sections to accommodate fault disptacement for track
realignment.

» High groundwater pressures on the tunnel lining system would require a thickened and high
strength concrete lining system and TBMs with closed-mode capability.

= High groundwater ftows and pressures will be encountered at faults and sheared rock zanes.
Release of pressures during construction may be necessary.

8.1 Ground Conditions

Squeezing ground conditions are expected to occur in the deeper sections of tunnel and in
proximity lo wide fault zones that are intersected by tunnel. In order to overcome the squeezing
ground conditions, geologic investigations must thoroughly evaluate ground conditions within
lengths of tunnel with high overburdens and at major fault zone crossings {e.g., width Category
I}). An enlarged bore and/or construction methods may need to be compatibie with or capable of
overcoming or avoiding squeezing pressures. In some cases, ground improvement may be
feasible to stabilize squeezing ground ahead of tunnel excavation. It is not expected that
squeezing ground poses a feasibility risk if anticipated and planned for in advance. Future design
and construction planning should include contingencies for conducting TBM rescues in the event
that one becomes frozen (entrapped).

Tunnels crossing active fauits are subject to fault displacement causing offset of the tunnel
structure below ground due to relative displacement across a fault or fault zone. Fault
displacements can be accommodated by design for specified displacement magnitude and slip
direction, These include use of enlarged tunnel sections andfor fault chambers. Restoration of a
tunnel would require realignment or smoothing of the offset of the tunnet and repair of the lining
system. For high-speed train projects, the track realignment would require track straightening or
curvature restoration within the tunnel diameter {or chamber) to allow the train to maintain
required speed for the project.

8.2 Hydrologic and Hydrogeclogic Conditions

The hydroicgic and hydrogeologic conditions along and adiacent to the tunnel corridor pose two
major feasibitity challenges as follows: 1) impacts on the groundwater and surface water
resources are undesirable and would require mitigation; and 2) groundwater pressures greater
than 25 bar pose challenges to tunnel excavation and support.

Tunneling witl tend {o provide a conduit for groundwater to drain into the excavation as the
advancing tunnel intersects fractures and faults within the erystaliine rock terrain below the ANF,
Based on the general understanding of the groundwater system within the crystalline bedrock
from the limited geotechnical investigation, the near surface water resources appear to respond
more rapidly to annual precipitation and will likely respond to tunnef construction within the
shaliow groundwater zones along the tunnel alignments. The magnitude of potentiat impacts to
shailow groundwater resources and surface water would depend upon the total volume of
groundwater that flows into the tunnel during construction and the potential rate of recharge due
to precipitation. Since the deeper rock zones generally exhibit lower hydraulic conductivity than
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shallower zones, recharge from shaliow zones vertically downward will likely exceed the rate of
drainage/leakage from rock mass surrounding the tunnel fining.

The groundwater encountered at the deeper tunnel profiles (e.g., below 1,000 ft depth) tends to
respond siower to water drainage due to the generally tighter rock fractures and resuitant lower
hydraulic conductivities. It also appears that rock at greater depihs contains confined zones of
groundwater that occur in pockets or zones (compartmentalized) of more fractured rock
separated by less fractured rock. This results in confined aquifers being isolated from the shallow
resources by zones of very low hydraulic conductivity rock. Tunneling in these deeper sections
are not expected to influence the shallower groundwater systems or surface water resources.

In portions of tunnels where groundwater pressure is less than 25 bar, tunnef lining designs could
eliminate water leakage into the tunnel once tunnel construction is completed. Thus the shallow
greundwater, which is mos! susceptible to impacts of water draining into the tunnal, would be
isolated from the tunne! effects by design of the tunnel lining. The tunnel lining would be
watertight and the groundwater system would begin to recover rapidly to pre-funnetf canditions.

In zones of tunnels where the groundwater pressure is greater than the assumed limit of 25 bar,
the tunnel lining system will need to be designed to reduce the external hydrostatic pressures by
allowing controiled drainage of water from around the tunnel lining. The continuous drainage of
water will need to be controlled to balance the maximum pressure on the {unnel lining system
versus the minimum amount of water drainage needed to maintain the design pressure. The
amount of water drainage for pressure relief purposes will need to be evaluated along afl tunnel
sections affected by groundwater pressures over 25 bar. The rate of groundwater losses can be
minimized by grouting the native rock to lower its hydraulic conductivity immediately around the
tunnet lining. This will accomplish two objectives: 1) Wil maintain a lower recharge rate in the
grouted zone in contact with the tunne! lining while allowing a higher recharge rate outside the
grouted zone; and 2) Will minimize losses of water into the tunnel with minimal impact on the
bedrock groundwater system.

Although a groundwater pressure of 25 bar is the current state-of-the-art for a watertight tunnel
lining, development and testing of a lining system that can withstand higher pressures is possible
and the actual maximum design pressure is unknown. Specific design concepts may be
deveioped fo increase the maximum design pressure applicable to this project including the use
of new gasket technologies and/or double gasket tunnel lining segments. Alternatively, the use of
a two-pass lining system incorporating an impermeable membrane between the interim and final
lining is an option for preventing water entry into the tunnel and increasing the tunnel lintng
strength. Some tunnel sections may need the use of two-pass lining systems especially for
enlarged fault chamber sections and at tunnel crossovers.

In summary, anticipated hydrologic and hydrogeoiogic conditions may be mitigated by use of
special desigh and construction considerations as follows:

» Pre-excavation grouting of the rock ahead of the tunnel excavation can reduce or prevent
groundwater drainage into the tunnel. Reducing inflow into the tunnel during construction will

. reduce the hydrologic and hydrogeologic impacts to the ANF,

s A segmental, precast, concrete lining with bolted and gasketed joints could control
groundwater inflows to the tunnel during and after excavation up to certain pressures, as
discussed above.

= Although less effective in protecting groundwater and surface water resources, a lining
system that allows enough leakage to reduce groundwater pressures on the lining system
may be considered as an alternative in specific areas of a final tunnel alignment provided that
impacts to water resources do not accur or can be mitigated.
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CALIFORNIA
FIGURES

High-Speed Rail Authority

FIGURES

California High-Speed Rail Authority Palmdale to Burbank Project Section Draft PEPD March 2017

DRAFT Geotachnical Tunnei Feasibitity Evaluation for High Speed Rail Tunnels Geneath the Angeles Nanonal forest
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CALIFORNIA HIGH-SPEED RAIL AUTHORITY

PALMEALE TO BURBANK PROJECT SECTION

Arlificial fill {Holocene}

Wash deposits {Holocene}

Landstide deposits (Only selected, larger landslides shown)
{Holocene)

Young alluvium, undivided (Holocene)

Tvzs

Young ailavial fan deposits, Unit 2 {Holocene and late Pleistocane)

Ofd alluvium, undivided (late to middle Plaistocene)

Ol alluvial fan deposits, Unit 2 {late Pleistosene)
Old aliuvial fan degosits, Unit 1 (lale Pleistocens)

 Quof2z  Very old afluviai fan deposits, Unit 2 (late Pigistocane)

{voa Very oid alluvium, undivided {middle lo early Pleislocene)

Very old alluvial fan deposits, undivided (middle lo early
Pleistocene}

Civof

i Mazdg

Pacoima Formation {Mentura Basin}

Qpa Fanglomerate or sedimentary breccia (middie Pleistocens)

mmcmcm Formation (Ventura Basin)
Predominantly nen-maring sandsione, conglomerate and silsione (late Pleislocene)

srm QTS .
Os Undivided
Towsley Formation TRIgdh
Turbigity current deposits of interbedded sandstone, conglomerate, sandy sitstone N
and mudstone (early Pliocene to late Miocens) TRhdg

Tw

Undivided

Modelo Formation
tomaceous clay shale or siltstone with interbeds of sandstene
{iate to middle Miocens)

Tm Undivided

Mint Canyon Formation
Non-marine fiuvial and facustrine sedimentary breccia, conglemerate, sandstone,
silistone and mudsiong {late lo middie Miccane)

@ - Tmc Undivided
© Tmed  Lacustrine deltaic (foreset) facies
" Tmem  Lacustrine and lake-marginal fluviai facies

Tick Canyon Formation
Fluviat and lacustrine sedimentary sandsione, sillslone, claystone and canglomerates
{middie lo early Miocene)

Vasquez Formation (Scledad basia and San Andreas fault 2one}
Sandstone, conglomerate and interbedded andeshte-basalt. includes
numercus bads and lenses of megabreceia.

.2 Pgn Gneiss [Proterozoic)

Mendenhalf Gneiss. Layered migmatic felsic and mafic
granufite, having rare interlayered augen gneiss and
aluminous gneiss. Age predates the ancrthosite-gabbro
compiex {Praterozaic)

Pmagn

2. 2.

Sedimentary rocks {early Miocene la fale Oligocense) ’ - . .
Coeniact, approximate, dashed where inferred, queried where uncertain

. U

o i e e S 4 o i e 44 R e 0
A B

Fault, long dashed where approximate, short dashed whete Inferred,
dotted where concealed, queried where uncertain

Pian view: Arrows indicated relative strike-
and D (down} show relative dip-stip or vertical movment.
g i

Granodiarite with quartz diorite and granite, commonly x“ 1A

gneissoid near contacis with oider rocks. Locaily carries ] 1

targe inciusions and pendants of gneiss and Placerita
metasediments [Cretaceous)

Juncal Formation. Turbidity current and submarine fan
deposits, including sandstone, conglomeratic sandstone,
conglomerate and sillstone (late early Eccene)

Granitic Rocks. includes a variety of plutonic rocks,
chiefly quartz diorite (late Cretaceous}

Cross section view: Arrows show relative dip-slip or verticai movement, T
(toward) and A (away) show relative strike-slip movement of fault blocks
Diorite gneiss {early to middle Mesozoic}

gy g e g g & gAY

Mount Lowe instrusive Suite
A compositionatly layered piuton (Triassic)

Thrust fault, dashed where approximate, dotted where concealed

Biotite-orthoclase facies

Porphyzitic facies Antictine, dashed where approximata, dotted where concealed

.E|Ll||l|lll B s S
Orthoclase-hornbtende facies
Syncline, dashed where approximate, dotied where concealed
Hernblende diorite gabbro
b~} Proposed CHSR Alignment, stationing tick marks every 1,000 feet

Anotthosite-gabbro complex of Oakeshott {1958} (Proterozoic) 2
Unit is composed of sub-units mapped and described by Carter (1880a) including: m

Anorthosi 3 " " Lo

northesile S inclined bedding, number indicated dip angle in degrees
Syenite —+  Verlical bedding
75
Ferro-gabbro M Cverlurned bedding, number indicates dip angle in degrees
—

Inciined folistion, nuimber indicates dip angle in degrees
Leuogabbre

National Forest / Other Federal Land
Jotunitic gabbro
Magic Mountain Wilderness

Jotunite-norite-gabbro-diorits San Gabriet Mountains National Monument

Gabbraic to anarihositic gneiss U, 8. Forest Service Road

Matntain f Peak

ab .
Gabbro ¥  Elevation of shallowest groundwater measured from shaliowest

pamser e COTE Dol vibrating wire piezometer (Elev.; Date Measured}

- Tike Conglomerste Anorthesite inclusion-rich gabbro
Souser. CIHSR, DARO1E, CF 5 2014, Kivinlider 2016, Figure 5-2 Geologic Map Esplanalion
(7 CALFORNIA @ 20
¥ High-5peod Roit Authorlty asiniiition

mavement of fault blogks, U {up)
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CALIFORNIA HIGH-SPEED RAILAUTHORITY
PALMDALE TO BURBANK PROJECT SECTION

Abrasiveness . s . . Moh's Estimated Abrasivity of Core
CAl value Typical values of Cerchar abrasivity index far varicus rock types® % Qtz Y
Category o Hardness sample rock types
0.3 1
0.4
24 very low
g5
i _
8 ow
b <15
1
¥
13
13 .
is medium -
W.w o~
ia <5%
i 31545 sheared rock,
2 - breccia -
21
1 & gouge
3 -
7% -
28 4555 diorite
iy high Tz dborit
ER 8 gtz diorite
k) .
wm . m<mm.~m
i 5560 . mmwmu_.oi —
iz —
i3 leucogabbro .
_m - anorthosite —
ﬁw —
4 . 0]
L granodiorite
i 540% | pranite .
438 felsic
43 e &y e
wﬂ extremse .
23 quartz-rich gneiss
2%
9.8
55 6.0
38
b
8
g
6.1
g2
&1
m‘m quartzitic »40%
i
%]
i

January 24, 2017
Adapted from:
Zhang, 2016; and
Plinninger et al., 2003,

Figure B-1
Abrasivity correlations

(2 CALFORNIA of Tramsporon
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Administration




CALIFORNIA HIGH-SPEED RANL AUTHORITY

PALMDALE TO BURBANK PROJECT SECTION

=
g 40U
£
o
o
i
'}
20,66
10,004
Janyary 23, 2017
Very Low Low Medium High Extreme Quartzitic
SR14 ,_mwo+.oo "1750+00 41,120 0 o..o 0 0.0 6,010 _K,.m 20,310 49.4 14,800 36.0 0 0.0
E1 638+80 | 1750+0071 110,230 0 0.0 250 Q.2 4,375 4.0 64,055 58.1 41,5560 31.7 0 0.G
E2 538+80 | 1750+00| 105,630 0 4.0 4,400 4.2 8,025 7.6 62,265 59.0 30,850 9.2 0 0.0
Figure 6-2
Summary of

anticipated abrasivity

Gz CALUFORNIA

High-Speed Rail Authority

e

1.8, Departrment

of Transporiation
Federai Raifroad
Adeministratian



CALIFORNIA HIGH-SPEED RAILAUTHORITY

PALMDALE TO BURBANK PROJECT SECTION

Very Low

Low

Moderale

High

Very High

IGNEQUS - PLUTONIC

® o ALTHZ

s s a A S I....s.,.ll,l.l|.|l...muwmm._w|§ﬂ$w

IGNECUS - VOLCANIC

METAMORPHIC

1E-14

SEDIMENTARY -

CLASTIC

FSBT{a=brhosk

1.E-12

SEDIMENTS AND ALLUVIUM

1E-10

*Dashed lines are used where the rock lithology is fractured.

1.6-C8

1.E-06

1.6-04

HYDRAULIC CONDUCTIVITY (K)

{cmisec)

Sources:

Domenico and Schwartz, 1980,
Freeze and Cherry, 1978;
Goodman, 1989,

isherwasod, 1979;

Jaeger and Cook, 2007: and
LSBR, 1588,

January 20, 2017

Figure 6-3

Hydraulic conductivity

correlations

(7 CALIFORNIA

High-Speed Rail Authority

Qe

1).5. Department

of Transporiation
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CALIFORNIA HIGH-SPEED RAIL AUTHORITY
PALMDALE TO BURBANK PROJECT GECTION

60,000
52,844
#E1
IR St R e - .
ahat
J<H]
£
£
L]
2 e
at
wd
g4 127
{17 o Ta-b) {1e-3to1a-1) {te-t o et )
Low High Wary High
Anticipated Hydraulic Conductivity {cmisec)
January 23, 2017
Very Low Low ~ Moderate High Very High
e FEELLETE Rt i uw.m.w. i .e.»..
Sadirisrnais sialin {i i e : figs e s 5 ] o5 o4 o
SR14 4330+00 § 1750+00 42,000 2,825 6.7 17,870 42.5 17,350 41.3 3,130 7.5 825 2.0
E1 638+80 | 1750+00] 110,230 25485 | 231 52,944 48.0 29,531 26.8 2,171 2.0 99 0.1
E2 538+80 | 1750+00 | 1054580 | 24434 | 232 50,356 | 478 | 28,192 | 267 2,141 2.0 327 | 0.3
Figure 6-4
Summary of anticipated
hydraulic conductivity
(2 CALIFORNIA @d of Teansportaton
High-Spesd Rail Authority \@ Fimmesaton”




CALIFORNIA HIGH-SPEED RAIL AUTHORITY
PALMDALE TO BURBANK PROJECT SECTION

BHR1E
BE]
SOGT brmemam s m i m o s f e R B R T A e

L]

£

o

o R T - T AR IR Jepepwpep TR RN R B SE S  E  S

R . O e Bt R R EE bt

j g

@

)

iB470 18,250
| wp.om
Vary High
Anticipated Groundwater Pressure (bar)
danuary 23, 2017
Low WModerate High Very High Ext. High
e il i eeLE vty ETate sehl SEh
GEELEL z 18t £ e 70 i By i T 5T % s i

S5R14 1330+00 | 1750+00 | 42,000 9,380 223 12,460 29.7 11,630 27.7 3,180 7.6 5,350 127
E1 638+80 | 1750+001 110,230 33,370 303 | 15470 4.0 24 570 22.3 13,800 126 | 22,920 20.8
E2 6538+80 { 1750+00 | 105,450 25,720 24.4 15,250 145 | 29,900 28.4 10,990 10.4 23,580 22.4

Figure 6-5
Summary of anticipated
groundwater pressure
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CALIFORNIA HIGH-SPEED RAILAUTHORITY
PALMDALE TO BURBANK PROJECT SECTION

mSK14

9
i
—h

RS S e R e

Length {feet)

Anticipated Intact Rock Strength (MPa}

January 23, 2037
Very Soft Soff Mod. Soft Mod, Hard Hard Very Hard Ext. Hard

SR14 1330+00 | 1750+00 | 38,980 743 1.9 3,848 8.8 10319 | 285 | 12543 | 3272 | 8425 | 216 2,216 57 914 2.3
EY B3B+B0 | 1/50+00 | 104,630 835 0.8 4,290 4.1 12368 | 11.8 | 28197 | 279 | 32637 | 312 | 20451 185 4,853 4.6
£Z B3IB+BC | 1750+00 | 104,640 | 3,247 3.2 9013 B9 | 18752 | 164 | 27941 | 275 | 27080 | 266 | 13137 | 129 2 490 2.4
Figure 6-8
Summary of anticipated

intact rock strength

(2 CALFORNIA W‘ o Fraonanon
@i Wigh-speed Rail Avthority \@F hooersiReiroad

Administration



CALIFORNIA HIGH-SPEED RAILAUTHORITY
PALMDALE TO BURBANK PROJECT SECTION

B
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Length (feet)

T T Tt

Anticipated Rock Mass Rating (RMR)

January 23, 2017
Very Poor Paor Fair Good Vary Good

SR14 1330400 | 1750+00 | 38,980 3,155 8.1 10.235 | 263 | 19735 | 506 5,855 150 t 0 0.0
E1 BaB+80 | 1750+00 | 104,630 | 1,007 1.0 54779 | 237 | 51,219 | 49.0 | 27536 | 263 0 0.0
£2 638+80 | 1750+00 | 101,640 | 2,333 | 23 36563 | 26.1 | 48488 | 477 t 24258 | 239 0 5.0
Figure 6-7
Summary of anticipated

rock mass conditions

= CALFORNIA Nd s, Deparrert
g Imw#;wvm& Rail ;Pcu__._D_.mq Q Federal Rallroad

Administration




CALIFORNIA HIGH-SPEED RAILAUTHORITY
PALMDALE TO BURBANK PROJECT SECTION

BER14

37.068

w: pE? Ea
)
R ekt EEL
f ouy
@
-k
Z0.000
10,060
Mogeals
Anticipated in-Situ Stress {overburden In feet)
January 23, 2017
Low Moderate High Very High Tectonic
L k St e rETHERS 2721 Gy i
feediniae sty S ST gEet i 5 TEg ol 227, s {25 b S e
SR14 1330+00 1 1750400 42 400 3,520 2.7 20,370 48.5 3,670 23.0 2,440 5.8 6,800 15.7
Et 6538+80 [ 1750+00§ 110,230 19,765 17.9 44,500 40.4 37,105 33.7 8,860 8.0 8,160 74
E2 638+80 | 1750+00 | 105,530 22,475 21.3 43,065 40.8 37,065 35.1 2,825 2.8 33,850 32.1

*Tectonic stress is not exclusive to a singie range or magnitude of in-situ stress.

Figure 6-8
Summary of anticipated
in-situ stress

(= CALIFORNIA QJ o Teangportation
High-Speed Rail Authority (@Y Loter! Ralroad



CALIFORNIA HIGH-SPEED RAIL AUTHORITY
PALMDALE TO BURBANK PROJECT SECTION

L.ength {feet}

10,000

Z

(1.2

% CiGsre

)

=kt

a2

Saf Sround

1750+00

2.080

January 73, 2017
Soft Ground

SR14 1330+00 42,000 49 13,180 | 314 16,570 39.5 4260 | 104 | 5840 13.9
E1 $38+80 | 1750+00| 110,230 | 32,370 | 294 37,045 | 336 | 33565 1 304 3,260 20 3,970 3.6
£2 538480 | 1750+00 | 105,530 | 25565 | 242 | 34305 | 325 | 26,775 | 254 165 4.9 13,720 13.0
*Soft Ground Behavior includes: Firm, Raveliing, Running, er Flowing Ground Figure 6-9

Summary of anficipated
ground conditions
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