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INTRODUCTION

This report describes the tunneling and geologic conditions encoun-
tered during the construction of the Berkeley Hills Tunnel. The explor-
ation program, construction, and general data regarding excavation,

construction and instrumentation are also briefly discussed.

In gencral, the geologic and tunneling conditions encountered and
recorded were about as anticipated from preconstruction mapping and
explorations. The gecologic data herc documented is a factual record of
rock conditions bchind the tunnel lining and should be an integral

part of the completion report for this feature of the Bay Area Rapid

Transit System.

The Contractor, Shea-Kaiser-Macco, excavated the parallel tunnels by

‘conventiona] methods from four headings. The bores are 100 feet apart

-

between centerline of each bore, except near the portals where they con-

verge to about 55 feet. The bores are connected at intervals throughout

‘their length by 15 safety and maintenance cross passages.

The tunncls penetrate eight geologic forimations and the active Hayward
Fault zone. Sedimentary, metamorphic, and igneous rock types were encoun-
tered. The Hayward Fault zone was crossed by the tunncls a few hundred
feet_from the west portal. It contains about 725 fect of fault gouge and

crushed serpentine which required heavy support.

The contact time alloted was 1200 calendar days. The Contractor holed A
through the north and south bores in February and HMarch, 1967, on schedule.

Concrete lining of the tunnel was completed in May, 1968.





M major ground water or gas problems were encountered.

LOCATION

The Berkeley Hills Tunnel is in Alameda and Contra Costa Counties. (See

Figure 1, Location Map). It roughly parallels State Highway 24 and is

only a few hundred feet north of the Caldecott Highway Tunnel. The
east portal is on the north side of the highway, a few hundred feet
west of the Orinda freeway interchange. The west portal is located

on Chabot Road in Oakland, north of Lake Temescal and about 800 feet
southeast of the west portal of the Claremont Wster Tunnel. The ele-
vations are about 250 and 550 feet at the west and east portals, respec-

tively.

EXPLORATION

Geologic investigations were conducted for the Berkeley Hills Tunnel
in seversl phases between 1960 and 1965. The investigations included
geologiﬁ mapping, drilling of thirty-two X core holes totaling about
5,000 feet, and excavating two 5 X 7 foot pilot adits; a 1,000 foot
adit at the cast'portal and a 1,412 foot adit at the west portal. A
In-situ rock tests in the adits and laboratory tests on selected cores

were perfermed as part of the exploration program.

DQCUHENTATION

during tunnel driving a detailed geologic log of ceonditions cneountered

was kept. This field mapping was done by engincering geology personnel

at a scale of 20 feet per inch. Copies of the logs are appended.

INSTRUMENTATLON

Instrumentation was installed in the north bore of the Bérkelcy Hills

Tunnel and consisted of stecl set Toad cells, contact load cells, photo-

elastic and mechanical strain §ages, rock movement indicators and extens-
lo

oneler stations. The steel set ad cclls were instailed in 16 locations

N

all
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outside of the Hayward Fault zone. The photoelastic strain gages were
installed on steel sets both within the Hayward Fault zone and on
steel sets instrumented with load cells beyond this zone. The contact
load cells, mechanical strain gages, rock movement indicators and-

extensometer stations were installed -in the Hayward Fault zone.

Only the contact load cells and rock movement indicators nnstalled in
the Hayward Fault zone were desngned to be monitored after concrete
lining of the tunnel was completed. All instrumentation installed outside

the fault zone was monitored during construction only.

A brief analysis of the instrumentation data derived during construc-
tion indicated the highest load to be near the face with a gradual
stabilization or even decrease in load with time and/or distance exca-
vated from the instruments. The permanent instrumentation installed in
the Hayward Fault zone is periodically monitored and the data +j31°

presented as a separate report:





-f

GENERAL

The twin bores were eéxcavated 201 feet in diameter with a horseshoge

Cross-section. Tunneling Statistics are Summarized in Tabje I.

EXCAVATION .
=R YN

The tunne] was driven by conventional Rethods from four headings,
simultaneously. The first of the four headings /55 turned under ip
May, 1965. Typical]y, the ad&ancc cycle at each heading consisted

of drilling a four-foot round, bfasting, mucking and standing stee].

The method of EXcavation was fyji face, with Crown bars and breast
boards used extensively freom the west portal. Spiling was used jn g
few places. Total distances €xcavated for both bores from the west

portal was 13,106 feet as Compared to 19.358 feet from the east portaj.

Grouting wés performed on one section of tunnel in attempt to con-
solidate the rock and segz) the water inflow coming from 3 basalt unjt
near the contact with siltstone. "The grout take was very low, about

three sacés total for the six holes drilled. The very low grout take
indicatcd.that the joints were re]ativclyrtight and grouting ias dis-
continued. The water inflow rapidiy dininished from the initial flow

estimated at 300 gallons Per minute and the tunnel was advanced by driv-

SUPPORT '

r . i .
The contact Specifications linited the Spacing of steel support to a
I\ .

maximum of four feet on centers. The tunnels Were supported with 11,101





1§ . 252
! 89
281 $' 21
T LG
209 w5
16'¢ SLGY
4 "9
£ e
503 puiny
¢ e
e 1652
300720 £sc'g
hS %95
20'9 AREY
' 02 6136
LGh hh
208 h't

-
oA
Ch i ONAD

(6'¢ (z1‘¢
q1's coyfe

£9/¢t/§

AN
§99°s
A
Ges'e
lLgtol
<2n
£€9'C
ol
hal'z
h9'e

- -

6S4°S
%06
AXA]
Lg/ce/e
59/L1/5

[aa T N
NN N N T

CLO N OO — I~<
o~

N oy
-~ .~
I —

€%

- O
-J

S

T 3N

062
00l
068
h¢e
9 1l
§68
519

v

ISP N
D
[3¥

X 0 L [~ -
[
S

o ™M

SN

(E AN £ WAL @ JAN

~

£ T
— 3 OYCD CD Oty
N T

~
(A

<0

5D~ —~
€3¢y — —
[eF e AN

-

i
1
t
s
1
14

£/

"ot

ﬂc)
v :

901 €1

- -

9/L1/8

wm

[

~
<

by

[Ea N 20 W'
3
(oY

Y (O 00
-
2
oy

O OY I
2 Y I T s
~ETNAD NS €3 e
[ SN o L o 51

~stn
C

m~
D DN
e
3
~
o8

H :l
o

<

’

")
3408
TML

(€ 3 72)
34049
HLNOoS

1t Pt a1 v e &

(75 1)
34C8
HLYON

(h 3 €)
W150d
1Sv3

(

5 )
IWL¥0d
LS3M

SOTLSILVLS oMM

TV1¥0d

=
K

I 378ve

et o ¢ b Mk« e v ot

N
L
=Y

wm —

N- I~ QD
RN I o Weo]

MmO O vt

3
<

— .

L L9/7¢/¢
59/52/5

¢S
GSh
fol
8¢
i
OhY
Ly
SERR|
e
cr
oty
£e
Cobent
GLsy
.
ARIRE
cegty
Ll
el
Sl
pet'e
Zéh
col'e
8032
=02
Ll€'9

L9/¢32/2
S9/L1/6

i

TV.LY0d

B R R T T

s e

n

TVLY0d

WOL = TINNAL STTIH A373MY3g

NN e e e e 1

(LdB) |e3dog 3
Aeva 9014 )

100

SERISCRIRY

D00 7 pese
‘00

483U WO & po
900 | h pade
palled

20 TP

200 hop

pojcA@dX

yd

palleasu] 39¢

Ao e

B J310H D,
™
?

P AN na W b et

-t
2 JAa
2

ERARN
yIOSI05 /M 0de
O 7 $30§ 3udd.
g $305 oy Ui
hoS3as/m i,
Sedg $30¢ 3u00.
d5 3395 coy e
SUj §30¢ cunp ¢
LISy s39¢ ¢
PL{PISU s30g v
4 3t ey
5395 ;0 ¢

3 obeaooy
pLIALON]
NO.Yl O|OH -

{0035 3s{ -






steel sets, of which L6 percent were placed on four-foot centers and
supported 63 percent (20,&50 feet) of both bores. The remaining portion
of the tunnel was supported by sets on two-foot centers. The sets are
eight-inch wide flange, continuous rib type, weighing 37.7 and 40 pounds
per lincal foot. Steel invert struts were used with the steel sets to
support 25% (8,Q50 feet)of the tunnel. HMost of the struts are located
vhere steel sets are spaced two-foot on centers. The quantity of sup-
port steel and invert struts was esti&atcd, before bidding, at 26,500,000
pounds. Actual weight installed was 27,021,000 pounds. The rock loads
vere transferred to the steel sets by a skeleton or open pattern of

tagging and blocking, using Douglas Fir timbers. HMost collar braces

- were of wood but a few of steel pipe were installed.

Rock bolts wcre not a part of the designed support system. On one occa-
sion, the Contractor elected to bolt a fow steel sets in lieu of using

spreaders.

PROGRESS

-

The average rate of progress for the four headings was 18.6 feet per day

(24 hour) per heading. The maximum advance in a 24-hour period was 48

fect in one heading and 120 feet in all four headings. The weekly

excavation progress for all four headings ranged from six feet at the be-
ginning of construction to a maximum of 540 feet. EBoth bores were holed
through in less than two years after the contract was awarded, averaging

L35 working days for each heading. The excavation portion of this con-

_tract was completed on schedule.

WORK FORCE

The Contractor's field work force averaged approximately 250 employees
per day.  Each heading was driven by a crew of about 4 men per shift
on a three-shift per day, five day week schedule. Each hecading crew

had six miners, three helpers, and support personnel.

v





EQUIPHENT

Major equipment used in excavation was four Moran mainline two-deck
jumbos with six Gardner-Denver 93 drills mounted on each, four Conway
101 mucking'machines, forty Moran 1l-cubic yard muck cars, and eight
é]ymouth JUD 24 locomotives. Ventilation was stpfied thro&éh a

36-inch fan line.

CROSS PASSAGES

Fifteen cross passages spaced ‘about 1000 feet apart connect the tun-
nel bores. - Each cross passage is 78 feet long and was excavated six
and a half feet wide by nine and a half feet high. They were drilled
using jack-legs and mucked by hand. The crew generally consisted of
four men per shift and occasionally two shifts per day were worked.
The excavation rate was about four feet per shift. Steel support
was four-inch, thirteen pound horseshoe sets, except for three drifts

in which six-inch, twenty-five pound rectangular sets were installed.

- Support spacing was a maximum of four-foot on centers. After concrete

lining, the Cross passages are approximately § X 7 feet, horseshoe,

and 82.5 feet long.





ENGINEERING GEOLOGY ¢ TUNNEL!NG'CONDiTlOHS
T ————————=tREL NG CONDITIONS

northwest trending Berkeley Hills east of San Francisco Bay. Complexly
folded and faulted rocks in the Berkeley Hills range in probable age

from Upper Jurassic to Pleistocene. The active Hayward Fault was encoun-
tered a few hundred feet from the west portal. The tunnel bears K 61° g
and the strata strike NW.  Thus the tunnel intercepts the regiongal
Structural trend at angles, ranging from about normal to 45 degrees,
depending on local trend of strata. The tunnel cover ranges from about 200
to a maximum of 1,000 feet. In general, the geologic conditions encoun-
tered were those anticipated from preconstruction exploration. A geologic

pPlan map and cross section are shown on Plate 1.

WEST PORTAL : N

The west portal*is in the Franciscan formation, consisting of weathered
sandstcae with sheared shale interbeds. The degree of weathering and
amount of oxidation along joints graaually decreases from the portal to
about 100 feet in the tunnel vhere the rock becories fresh. Final cut
slope above the portal was 1%:1, also sheet piling and bracing were

installed.

EAST PORTAL

The east portal was Cxcavated in weathered siltstone, sandstone, and
conglomerate of the Grizzly Peak formation. fibove the portal the
strata dips about 40 degrees out of the hill. Cut slopes were 1}:1

¢xcept above the south bore where the cut was sloped at 2:1.





A sink hole and landslide developed above the south bore, near the
tunnel opening. This sink area is coincident with about 200 feet

of tunnel where steel sets sank into the water softened invert.
Remedial treatment consisted of setting steel sets on two-foot cen-—
ters with invert struts and plating concrete in the invert. The
surface sink was leveled, graded, and covered with plasticvto facili-

tate drainage.

A minor slide occurred at the north bore during portal construction.
Here, seepage developed a few feet to the northwest, along the overburden-
rock contact. To prevent major sliding, six drain holes were augered

and drain pipes installed, which proved effective.

Additional slope support at the cast portal was provided by a metal bin

wall and wood cribbing backfilled with tunnel rock.

The tunnel penetrates eight -geologic formations containing 13 mappable
rock types. A brief lithologic description of each formation is given in
Table 2. The rotk types include sandstone, shale, siltstone, conglomerate,
chert, basalt, tuff, flow breccia, rhyolite, diabase, limestone, crystal
tuff, and serpentine. The properties of the rock types are described in
detail on the tunnel logs. A plan Map at a scale of one inch equals 50
feet, showing the gcologic conditions at springline clevation of the

tunnel, was prepared. This map is in Appendix A.

Geologic tunnel logs showing detailed geologic conditions were prepared
for both bores, on a scale of ' = 20'. The cross passagces were mapped
on a scale of ' = 10¢*. Logs of the north bore, south bore, and cross
passages are iﬁc]udcd in Appendix B, C, and D, respectively. Proceeding

eastward from the west portal the formations penetrated follow.





. Pliocene (7)

Pliocene

Upper
Cretacenus
fretacenus
Uopsr
Jurassic (1)

TABLE 2

STRATI GRAPHY

Geologic Format!oﬁ or Unlt

Leona Rhyollte

Slesta Formatlon

Grizzly Peak Formatlon

Orinda Formation

Claremont Formatlon
*  (Monterey Group)

Undifferentiated Tertiary
rocks (Includes Sobrante
Formation of the Honterey
Group)

Undlfferentlated
Cretaceous Rocks

Franciscan Formatlon

thho!ogx

SIllclc Igneous rock=-
thought to have been
Intruded along the

* Hayward Fault.

Silstone, sandstone,
tuffaceous sandstone,
and limestone--prim-
arlly a lacustrine
deposlit,

Basalt, flow breccla,
tuff, agqglomerate,
conglomerate, sandstone
and siltstone--depositec
primarily in a contlnen-
tal environment.

Conglomerate, sandstone,
and siltstone--deposi tec
primarily In a contlnen-
tal environment,

Slllceous shale &nd
opaline chert-deposit-
ed primarily under marin
condi tlons. Some sand-
ston=e and diabase dikes,

Sandstone, slltstone and
shale--deposited under
marine conditions, Some
sandstone and diabase
dlkes., Minor amounts of
chert and silicifled
shale.

Sandstone, siltstone and
shale-~-deposited primar-
Ily under marine conditl«

Sandstone (graywacke) anc
shale--primarlly a
marlne deposlt., Serpen-
tine in Hayward Fault
Zone, ‘





FRANCISCAN FORMATION

The Franciscan formation is predominantly a gray Sandstone(graywackc)
ranging from very fine- to medium-grained, with scattered sheared shale
interbeds. The sandstone is generally blocky and mocerately hard. The
shale is b!ack sheared, and often contains granular _gouge and crushed
sandstone fragments. A gradual increase in metamorphism, steepening
of the bedding from about 50 degrees to vertical, and developrment of
schistose structure occurs as the Hayward Fault is approached. Shearéd
scrpentlnc and gouge were encountered in the Hayward Fault. The fault

is more fully described later in this report.

Tunneling characteristics of the Franicscan formation varied. The
excavation was full face, but crown bars and breast boards were required
in the Hayward Fault and spiling was used in one place. Temporary steel
supports were generally placed four feet on center in the sandstone and
two feet on center with invert struts in the shale and through the
Hayward Fault zone. In some areas, the wood lagging fziled and the
ground locally squeezed beyond the inside flange of the steel. Ovef-
break wasvgcnera]ly low in the sandstone except locally in the south bore
near cross passage A-1. Water inflows were chiefly limited to scattered

drips.

LEQHA RHYOLITE

The Leona rhyolite-is primarily a silicic volcanic rock which ranges

widely in hardness, possibly duec to hydrothermal alteration. It is

- greenish-gray when fresh, contains disseminated pyrite, and may slake

on prolonged exposurc. lntipicnt fractures are closcly spaced and
IOCdIly the rock is brecciated; ho'cvcr the general appearance of the

rhyolite is blocky to massive.





Tunneling conditions in the rhyolite were rather uniform. Crown bars
were used during excavation and occasionally breast boards were re-
quired. Steel suppbrt was piaced four-foot on centers in the north and
south bores between about: Stations 1206425 and 1207+00. On both sides
of this stationing, invert struts and steel supports were installed on
two-foot centers.” Overbreak was low. Maximum water inflow, at a

fault zone, was estimated at 40 gallonsAper,mipggg%ﬁanqmdrips occurred

throughout the rhyolite.

UNDIFFERENTIATED CRETACEOUS ROCKS

The undifferentiated Cretacecous rocks are primarily interbedded sand-
stones and shales. The sandstone is predominantly gray, fine-grained,
and moderately hard. It contains scattcred biotite grains. The shale
is black, soft, and generally crushes to sand sizes along closely spaced

fractures.

Complex folding and fadlting are evidencad by highly contorted and sheared |
beds. The shéaring is characterized by slickensides and attendant highly
polished surfaces with minor amounts of gouge and crushed rock. Shearing
appears to be principally along shale beds, but some zones cut scross the
bedding. This shearing, although extensive, is not considered part of the
Hayward Fault Zone. The rock is predominantly thin-bedded, but contains

a few massive beds of blocky, joinied sandstone. A]thoﬁgh variable, the

bedding generally dips steeply to the cast.

Excévation in the Undiffércntiatcd Cretaceous rocks was full face using
crown bars and breast boards, although in some ground only crown bars
were required. Steel support was placed on four-foot centers in the
sandstone whereas sets were placed two-foot on centers with struts in
the squeezing shale. In the shale, lagging was broken and blocking

and wedges were compressed. A few <teel sets had flanges bent where
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more competent sandstone blocks, included in the shale, caused point
loading of the steel. Overbreak was generally very low except in the
areas of thick-bedded, blocky sandstone. Water inflows were low, mainly
drips and S€cps, except for about 100 feet of tunnel in the north bore
near Station 1214+00 where an cstrmatcd 150 gallons per minute was
encountered at faults in blocky sandstone. Low concentrations of methane
gas were encountered in both bores at various p]aceé between Stations
1223+00 and 1227+00 and also reported near Statijon 1230400 in the north

bore.’

UNDIFFERENTIATED TERTIARY ROCKS

The geologic contact from the Undifferentiated Cretaceous to the Undif-
ferentiated Tertiary rocks in the tunnel is in partAsheared and grada-
tional; hence, is arbitrarily placed. The Undifferentiated Tertiary
rocks are predominantly sandstone and shale with scattered diabase dikes,
sandstone dikes, and a few blocks and thin beds of chert. The sandstone
is generally gray, very fine-grained, and moderately hard.- The shale is
brownish-black, ranges from soft to moderately hérd, and slakes. The dia-
base is predominantly greenish-gray, moderately hard and often has baked,
altered, and sheared contacts with the shale and sandstone. A clean,
vell sorted, fine-grained, whitish-gray sandstone occurs in dikes. This
sandstone is blocky, locally contains shale fragments, and ronges from
soft and friable to hard and well cemented. The chert is hard, brown

and highly fractured.

Host of the Uﬂdxffercnt:atcd Tertiary rock unit has been complexly

faulted and folded. Individual beds are generally highly contorted,
lenticular, and sheared. The shearing is evidenced chiefly by slicken-
sides, although gouge and crushed rock occur locally. It cannot be
definitely determined whether shearing is related to, or part of, the
Wildcat Fault, whose surface trace has becn mapped‘within two miles,

north of the tunnel.

11
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Tunneling characteristics of the Undifferentiated Tertiary rock were
varied. Excavation was full face, primarily using crown bars and

breast boards in the sheared, squeezing ground. In the squeezing ground;
steel sets were generally spaced two feet on centers and about 50 per-
cent have invert struts. Broken lagging‘in many areas and bent flanges
on a few sets resulted from the squeezing ground. Steel supports were
placed on four-foot centers in the more massive sandstone. Overbreak
was generally low in the Undifferentiated Tertiary rocks. Water inflow
was minimal, essentially confined to drips in the sandstone. Minor

quantities of methane gas were encountered at several locations.

CLAREMONT CHERT ‘ .

The Claremont chert is geologically classified as a fermation within

the Monterey group of Miocene age. The formation consists of thin-
bedded opaline chert and siliceous shale that has been intruded by
diabasce and sandstone dikes. Limestone occurs at the contact of the
Undifferentiated Tertiary and Claremont chert in the south bore ;
however, the depositional relationship is uncerta}n due to shearing.
The chert is brown, hard, brittlc_:and highly fractured. Many of the
chert beds are banded, lenticular, and between one and two inches thick;
however, a few range up io two feet thick. The siliceous shale jis brown,
ranges from soft to hard, and in many places contains thin clay seams.
The formation is overturned and dips at a high angle toward the west

portal. A few faults and also, some minor shearing related to the diabase

dikes could be discerned.
Tunneling conditions were generally uniform. Ravelling ground and a

few short runs developed, locally, as a result of adverse bedding dip of

the highly fractured, thin-bedded rock. Crown bars. and breast boards
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were used in the thin-bedded material and spiling was driven locally
where the runs developed. Crown bars were used in the morc'massive
Sandstone and chert. stee] Supports were generally placed on four-foot
Centers, althcugh two-foot spacing was ysed in the highly fractured
ground. Several invert strutézwere installed in the north bore on both
sides of the sheared contact between the Claremont chert and the Undjf-
ferentiated Tertiary rock. The average overbreak was low. Generally,
vater jinflows occurred throughout the formation, ranging from,drips to
an estimated maximum of 50 gallons per minute. Methane gas, oil slicks

and/or asphaltum seams vere not noted in the Claremont chert.

ORI!JD)E_FQ!H‘U\T[ON .

The Orinda formation of Pliocene age is in;]uded within the Contra Costa
Group as are the Grizzly peak and Siesta formations. Scdimcntary rocks
w}thin the Contra Costa Group have, localiy, proved hignly susceptible
to landsliding. In the tunnel, the major difficulty was due to smal]

uantities of water which softened the siltstone in the invert.
q

The Orinda formation‘consists of silfstone, sandstone, and conglomerate.
Graded beds are common. The siltstones are generally massive; moderatcly
hard, slake, and some soften or decompose jn water. The sandstone is
prcdominantly gray, fine~graincd, blocky, ang moderately harg. The con-
glomerate js gencrally gray, massive,contains gravels to 12 jinches in

~diameter, ang ranges from friable to well cemented.

Geologic Structure in the Orinda formation is dominated by folding related
to fhc}Sicsta syncline and Glorietta anticline, See Plate 1, Geologic
Map and Stnucturc‘Section. Faulting js mainly paralle] to the bedding
planes. These faulrs are inferred from slickcnSideS, gouge and/or crushed

rock, although a fey of the faults Cross the bedding.
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Tunneling through the Orinda formation posed no particular problen. .
Excavation was full face except locally in shear zones where crown

Abars and breast boards were used. _Steei support was placed on four-foot
centers. The overbreak was very low, although the siltstone tended to
spall;'slouéh, and soften considerably where water collected in the
invert. Small water inflows were encountered in the conglomerate and
sandstonc. "Methane gas, oil slicks, and asphaftum Seams were encoun-

‘tered near the basal part of the unit.

GRIZZLY PEAK FORMATION

ihe Grizzly Peak formation is of Pliocene age. It is part of the Contra
Ccsta Group and has also been referrcd to as the Horaga formation. It
iccluded rocks of sedimentary and volcanic origin. Easalt, flow breccia,
and tuff were mapped as individual units except; locally, where the rocks
are complexly intermixed in the tunnel they were mappec collectively as
volcanics. The basalt is generally gray, fine-grained, brittle, hard,

aad blocky. Typically, the flow breccia is red, moderately hard, massive,
end contains scattered calcite seams.” The tuff is blue and black, fine-

to medium-grained, blocky, and moderately hard. The crystal tuff, locally
2 marker bed, is blue, fine- to coaréc—grained, hard and turns whitish-gray
oa exposure. The sedimentary rocks include siltstone, sandstone and con-
glomerate. The siltstone is red and gray, soft to mederatecly hard, blocky,
and slakes. The sandstone is gencrally gray, fine-grzined, blocky, and
roderately cemented. The conglomerate is gencrally gray, massive, and

rmoderately cemented.

The Grizzly Peak formation is rcpeated'a]ong the tunncl alignment as a
result of the Siesta Syncline and Glorietta Anticline. Faults érc primarily
elong bedding planes; however, a few cut across the bedding. Graded beds
are common in the scdibentary rocks, and “irreqular contacts are typical

between the volcanic rock types.





The largest inflows of water into the tunnel were encountered during
penetratioh of the Grizzly Pcak formation. An estimated 300 gallons per
wminute inflow occurred at the heading in one contact zone between siltstone
and basalt. Major water inflows came from the basalt and tuff and minor
szounts came frem the flow breccia and cong]omerate Locally, the seeps
had a hydrogen sulfide odor and produced a white precipitate. Spiling

was used in a few places where heavy water inflows and/or closely frac-
tured basalt were encountered. Crown bar; and breast boards were used in

a3 few shear zones. Steel supports were generally placed on four-foot
centers.  except for a few sets placed on two-foot centers in shear zones.

Gverbreak varied, but was generally low. Methane gas was not reported.

SIZSTA FORMATION

Trnez Sicsta formation is of Pliocene age and part of the Contra Costa Group.
Iz was cncountered in the center of the Siest2 Syncline. The unit is com-
pesed of interbedded siltstone and sandstone. The siltstone is gray and
red, éoft and moderately hard, slakes and softens in water, and contains
clay scams and scattered shears. The-sandstone is generally gray, fine-

grained, moderately cemented, and ‘blocky. A

end squeezing ground was encountered in tunneling for about 300 feet. Minor
ults occur parallel to and cut across the bedding.

“Tunneling conditions in the Siesta formatnon were variable. Crown bars
and breast boards were used in excavating the zone of major shearing. This
skzar zone contained squecring ground whichiwas supported with steel sets
end invert struts pfatcdvprcdominantly on two-foot centers. Locé]ly, steel
lezging was used to replace timbers broken by the squeezing ground. Else-
where, in the Siecta formation, the steel sets were placed’chiefly on
focur-foot centers without struts. Scattered water seeps, methanc gas

seeps, and oil slicks were encountered in the sandstone.





HAYWARD FAULT

The Berkeiéy Hills Tunnel penctrates the active Hayward Fault. Other
major shear zones were encountered in portions of the Undifferentiated
Cretaceous rocks, Undifferentiated Tertiary rocks, and the Siesta For-
rmation; however, these zones are not known to be active. Instrumen-
tation was installed in the tunnel primarily to monitor loads and detect
rock movement related to the Hayward Fault. The instrumentation is

briefly described later in this report.

The Hayward Fault Zone is at least 50 miles long. The fault has been
iraced from Warm Springs to San Pablo, California, although it probably
~ extends farther north and south of these locations. The sheared zone
ranges in width from a féw feet to about two miles. Movement along the
fault is predominantly right lateral, strike-slip; similar to the move-
cent of the active San Andreas Fault, which lies about 18 miles to the
west and trends nearly pa}allel to the Hafward. According to some
authorities, the Hayward Fault is a branch of the San Andrea% Fault
System. Surface rupture occurred along the HayQard Fault in 1836 and
1868 during major earthquakes. Both horizontal and vertical movements

were reported at the time of the 1868 shock.

The Hayward Fault Zone was encountered in the Berkeley Hills Tunnel
é;prox}matcly 800 feet in from the west portal. The zonc is approxi-
rately 725 feet wide and extends from about Station CL 1199+00 to

CL 1206+25 in the north bore and consists of fault gouge, sheared rock,

end serpentine. Excavation in the fault.was full face using crown bars

16





and breast boards. The zone was supported by steel sets with invert

struts placed on two-foot centers.

Creep movement along tﬁe Hayward Fault in the tunnel was not detected

by visuval inspection during excavation or geologic tunnel logging. How-
ever, based on a preliminary interpretation, readings from rock movement
indicator instruments installed within the zone indicate minor creep-type

sovement.

GROUND WATER

The combined maximum water inflow into the tunnel was estimated at the
portals to be 650 gallons per minute. Maximum inflow at any one face
occurred at a siltstone-basalt contact and was estimated to be 300 gal-
lons per minute. The largest inflows were encountered in the basalt and
chert. In gencral, the inflows decreased rapidly as the headings were ..
advanced. A few secps had a hydrogen sulfide odor and, locally, formed

2 white precipitate.

The temperature of the Scepage water ranged from 56 to 80 degrees. Most
seeps were between 63 and 72 degrees, which was within a few degrees of
the &air temperature. A general correlation was noted between water temp-
erature and amount of tunnel cover. The inflow with the highest tempera-
ture, 80 degrees along with a hydrogen sulfide odor, came from the vol-
canic rocks of the Grizzly Peak formation in the north bore between

Stations CL 1335+50 and CL 1336+50.
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GAS & OIL

Hinor amounts of methane gas and oil were encountered in all four

~headings. The-gas -occurred in ‘the sandstone, siltstone, and shale

“of the Undifferentiated Cretaceous, Undifferentiated Tertiary, Orinda

and Siesta formations. In addition, minor oil sceps were noted in the
Siesta formation and in the Orinda formation near the contact with the
Claremont formations. Here, in the Orinda formation, a thin asphaltum
seam was encountered. Ko significant tunneling problems resulted from

.

the gas and oil.
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PURPOSE AND SCOPE

This appendix summarizes ground conditions documented during excavation of the existing
Irvington Tunnel (EIT) (URS, 2007). Ground condition information includes data on bedrock
characteristics, faulting and shearing, groundwater inflow, ground behavior, and initial tunnel
support. The features and conditions included in this appendix are referenced by existing tunnel
stationing; however, this information has been projected onto the new tunnel alignment (see
Figure A-1) and is included in tunnel reach descriptions.

BACKGROUND

The EIT, which was excavated using conventional tunneling methods between 1928 and 1931,
extends approximately 3.5 miles from the Sunol Valley to the City of Fremont in Alameda
County, California. The tunnel has a finished diameter of 10.5 feet and connects with the
Alameda Siphons at its east portal and the Bay Division Pipelines at its west portal. The New
Irvington Tunnel alignment is generally located about 200 feet south of the existing tunnel
alignment, except in the vicinity of the 1-680 corridor, where the existing tunnel alignment is
deviates up to 600 feet north from the new alignment. The existing tunnel invert is also located
about 30 feet above the planned invert for the new tunnel.

The EIT is located on the west side of the California Coast Range in an area cut by numerous
northwest-trending faults. During the excavation of the existing tunnel, adverse ground
conditions such as highly fractured and sheared bedrock, soil-like zones, running (flowing)
ground, squeezing/swelling ground, caving/raveling ground, and zones of significant
groundwater inflow were encountered in numerous areas along the tunnel alignment. Such zones
of adverse ground conditions often required additional ground support to maintain tunnel
excavations and pressure grouting to reduce groundwater inflows. The majority of the adverse
tunneling conditions appear to be associated with fault features and tectonically-induced
deformation of the local sedimentary bedrock.

SOURCES OF GROUND CONDITION INFORMATION

The construction records produced during the construction of the EIT are stored in SFPUC’s
Moccasin Archives. The records include daily, weekly, supplemental weekly, monthly, and
supplemental monthly reports on progress and ground conditions at more than 10 tunnel
headings and shafts that were in progress simultaneously. Data supplementing the construction
records are: occasional inspection notes prepared by City Engineers during tunnel excavation, a
geologic report written by geologist Bailey Willis (Willis, 1931), and a 1932 document titled
“Notes on Ground Formations from Weekly Reports” which documents the rock types and
ground conditions encountered in portions of the tunnel. The construction records and other
supplemental data reviewed for this report included information on the following:

e Excavation progress

e Equipment used

e Groundwater conditions

e Geology (limited to general rock type descriptions)

e Ground behavior
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e Groundwater control methods (e.g. pressure grouting)
e Initial support types and spacings
e Duration and reasons for lost time events during construction

The geologic conditions, ground behavior, groundwater conditions, general excavation progress,
and initial tunnel support are discussed below for each of the geologic units. The existing
records are incomplete with respect to temporary support types and many other elements and
details and are commonly contradictory, especially in description of rock types.

DEFINITION OF GROUND CONDITION TERMS SPECFIC TO EIT

While the majority of ground condition terms discussed in this appendix are defined in the GBR,
the following terms that are included in the construction records require additional definition.

Soft Ground

The term “soft ground” appears to have been used in the construction records to describe highly
weathered rock and highly fractured zones with abundant fault gouge (clay zones) where timber
support sets sink into the tunnel invert. Soft ground also referred to fractured, poorly indurated
sandstone bedrock. During excavation, Briones Formation was characterized a varying "... from
hard, ringing rock, where it is cemented by lime, through various grades of softness to an
incoherent sand ..." where lime (calcite) cement was not deposited or was subsequently
dissolved by groundwater.

Heavy Ground

Heavy ground describes the condition where the weight of the overburden exceeds the strength
of the rock forming the sides or arch of the tunnel excavation. Factors that influence the strength
of the rock and its stability when excavated are: the depth of the tunnel; the rock type (including
amount of weathering); the attitude of the bedding, joints, and partings; and the amount of water
within the bedrock. Heavy ground, as defined within the existing tunnel, is interpreted as
squeezing ground.

Running Ground

Running ground, as described during the EIT excavation, would be more accurately identified as
flowing ground, since groundwater was the medium of transport. When groundwater seepage
develops at the working face, raveling or running ground is transformed to flowing ground,
which advances like a viscous fluid into the heading. Flowing ground consists of silt, sand, or
gravel-sized material (formed by weathering, fracturing, and/or shearing) combined with
groundwater to form a slurry. Running ground is predominantly encountered in areas where the
bedrock is disturbed by faulting and large volumes of water have accumulated in the dislocated
materials. Additionally, flowing ground can form in poorly cemented zones in sandstones.

EXCAVATION METHODS

The EIT was advanced almost exclusively using drill-and-blast excavation methods. This is
based on the powder usage documented in the daily EIT construction inspection records. In
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addition, the blasting powder cost per foot was commonly summarized for each tunnel heading
on a weekly basis.

The construction records state that “hand spading” was required in an approximately 500-foot
long zone of yellow clay and black gouge that is located in an area of shallow cover directly east
of 1-680 (estimated between about Sta. 1662+51 and 1667+65). Directly east of this zone, “some
hand spading” was undertaken in an approximately 500-foot long zone of soft “broken”
sandstone and gouge (between about Sta. 1657+34 and 1662+51). These two sections of the
tunnel are located in the Claremont Formation, comprise the only segments of the EIT where
hand mining is mentioned.

Top heading and bench excavation methods were used when the tunnel encountered soil and
soil-like conditions in the Sheridan Fault zone.

TYPES OF INITIAL GROUND SUPPORT

Based on the available records (which are incomplete), the initial ground support for the existing
Irvington Tunnel ranged from light (defined herein as Category 1) to heavy (defined herein as
Category Il1), depending on the quality of the rock mass and the amount of groundwater inflow.
The types of initial ground support reported included spiling (undefined type) and timber support
sets composed of timbers with cross-sectional dimensions ranging from 8-inch by 8-inch sections
to 12-inch by 12-inch sections. Crown bars and timber lagging between timber sets were
reported extensively along the alignment to advance the tunnel. Spiling, where used, appears to
be in addition to crown bars. Support spacing ranged from 4 feet to 7 feet. Spiling was
commonly installed in areas of adverse ground conditions (caving, raveling, and running ground)
to permit the advance of tunneling. Similarly, breastboarding was often used to support the
tunnel face and prevent collapse in areas of adverse ground conditions.

Table A-1 lists the types of initial ground support used during construction of the existing
Irvington Tunnel. Figure A-1 identifies the interpreted spatial distribution by type of initial
ground support installed during construction, as well as the locations where breastboarding and
spiling were required.

Information on initial ground support was not present in the available records for long segments
of the existing tunnel. Based on the presence of high groundwater inflows and adverse ground
conditions along a significant length of these undocumented segments, it is likely that heavy
initial ground support and spiling were required to advance tunnel excavations.

DESCRIPTION OF GROUND CONDITIONS

Figure A-1 provides an interpreted graphic summary of existing ground condition information.
This figure was prepared based on a review of the available EIT construction records and
includes the following information:

e Rock type by station

e Groundwater discharge volumes at portals which represent combined flush and steady
state groundwater inflows for each reach

e Location where high pressure leaks identified during 1966 tunnel inspection
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e Location of significant grouting, including the number of shifts required to complete
grouting operations at a given location or interval

e Location of concrete bulkheads that were constructed for tunnel grouting

e Location of soft ground

e Location of running (flowing) ground

e Areas where breastboarding was required to advance the heading (where documented)
e Segments where squeezing (heavy) ground was identified

e Initial ground support type by station

e Segments where spiling was used to advance the heading (where documented)

e Initial ground support type by station (support types defined in Table 1)

e Location of gas (methane or hydrogen sulfide) identified during tunnel inspections and
during original tunnel construction

Existing tunnel data is shown on horizontal fields that are located below the current geologic
profile of the NIT alignment. All EIT construction and inspection information is shown by EIT
tunnel station on the horizontal fields. The geologic profile; however, is labeled using NIT
stationing with approximate EIT stationing identified at key locations along the alignment. Since
the EIT is offset from the NIT and geology skews between two tunnels; the geologic profile for
the EIT is slightly different than the NIT profile. Thus, the EIT graphical information presented
in the horizontal fields does not always correspond with where similar conditions are expected to
be encountered along the NIT.

The following sections describe ground conditions reported during the excavation of the EIT.
The discussion is divided into intervals characterized by similar geology or the presence of a
major fault, as encountered during tunneling from either the Irvington Portal or Alameda West
Portal. These divisions are approximate and are based on our current understanding of alignment

geology.

Cretaceous Sandstone and Shale (Approximately Sta. 1528+29 to Sta. 1563+41)

Cretaceous-age sandstone and shale consists primarily of shale, although sandstone was
encountered between the Alameda West Portal and Sta. 1533+40. Both the sandstone and shale
are highly fractured (blocky and seamy with crushed zones), but the shale also commonly
contains gouge and clay. The tunnel geologic report (Willis, 1932) noted localized zones of
large concretions (described as “boulders” in clay) within the Cretaceous bedrock.

Breastboarding was used to stabilize the tunnel face during the majority of the excavation in
shale, indicating extremely poor (raveling) ground conditions. Type Il initial ground support
was required over most of this tunnel segment to support the excavation (see Table 1).

Groundwater inflow along this segment was minimal (approximately 60 gpm where data are
available), indicating relatively impermeable shale bedrock. Groundwater inflow in the initial
sandstone section is not reported.
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A total of 390 feet of soft ground was documented between about Sta. 1549+37 to 1552+04 and
between Sta. 1556+21 and 1557+43 in the Cretaceous Sandstone and Shale. About 35 feet of
running ground was observed between Sta. 1542+59 and 1542+24 and about 60 feet of “heavy”
(squeezing) ground was encountered between Sta. 1553+33 and 1553+95.

Pirate Creek Fault (Approximately Sta. 1563+41 to 1563+61)

The exact location of the mapped Pirate Creek fault is difficult to identify from the EIT
construction inspection records. At the probable fault location, the records show no apparent
change in the type of bedrock material (shale) and no significant groundwater infiltration;
however, the presence of a 20-foot long segment of highly fractured shale and
swelling/squeezing ground could indicate the presence of the Pirate Creek Fault. Type Il initial
ground support was installed within this zone.

Claremont Formation Chert and Shale Member and Sheridan Creek Fault Zone
(Approximately Sta. 1563+61 to 1570+25)

The Claremont Formation Chert and Shale Member extends from the west side of Pirate Creek
fault through the entire approximately 375-foot wide Sheridan Creek Fault zone. The unit,
which is characterized by extremely poor ground conditions, primarily consists of “shale”
(predominantly porcelaneous shale and chert). The rock was generally described as “broken”
and “badly broken with gouge” (blocky and seamy to crushed). On the east side of the Sheridan
Creek Fault zone, 60 feet of “heavy” (squeezing) ground was observed between about Sta.
1565+80 to 1566+40. The inspection records stated that the ground *...develops some pressure
and the bottom comes up badly” in this interval. On the east side of the Sheridan Creek Fault
Zone (at approximately Sta. 1566+40), the first significant EIT groundwater inflow (400 gpm)
occurred. This groundwater inflow caused caving and running ground conditions in fractured
shale bedrock with gouge. Running (flowing) ground conditions continued throughout the
Sheridan Creek Fault Zone (to approximately Sta. 1570+15). Two concrete bulkheads were
placed for grouting at Sta. 1570+05 and 1570+15 on the western edge of the Sheridan Creek
Fault Zone to reduce groundwater inflow into the tunnel and allow grouting of the tunnel face.

Very little information on initial ground support and grouting is available in the inspection
records for the fault zone. Spiling and breastboarding were used during the excavation of this
segment. The records also describe using a small top heading excavation to advance the tunnel
in the middle portion of the fault zone (approximately Sta. 1568+11 to Sta. 1569+04). Type IlI
initial ground support was installed to the east of the fault zone.

Oursan Sandstone (Approximately Sta. 1570+25 to 1573+80)

Based on the EIT inspection records, the Oursan Sandstone consists of hard, broken (very blocky
and seamy) sandstone. About 70 feet of running ground conditions, including 30 feet of soft
ground (clay) were documented in the Oursan Sandstone at the contact with the Tice Shale. No
construction inspection records were found that described the types of initial ground support that
were used to support tunnel excavations within the Oursan Sandstone.

As the westbound tunnel penetrated the western edge of the Sheridan Creek Fault zone into the
fractured sandstone bedrock of the Oursan Sandstone, heavy groundwater inflow (900 gpm) into
the tunnel excavation occurred. It is hypothesized that the less permeable Claremont Formation
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shale acted as an aquitard for the highly permeable Oursan Sandstone and the heavy groundwater
inflows occurred when this aquitard was penetrated during tunneling. Limited grouting was
performed within this unit.

Tice Shale (Approximately Sta. 1584+80 to Sta. 1591+60)

The eastern segment of Tice Shale between Sta. 1584+80 and Sta. 1591+60 is characterized in
the EIT records as broken (blocky and seamy) sandstone to approximately Sta. 1585+90. The
Tice Shale then consists of broken shale with clay seams (very blocky and seamy rock) west to
the contact with the Briones Formation at approximately 1591+60. A limited zone of squeezing
(heavy) ground was encountered within the sandstone between Sta. 1584+31 and 1584+83.
Breastboarding was used to advance tunneling through this zone, where localized soft/running
ground conditions were also observed. No construction inspection records were found that
described the types of initial ground support that were used to support tunnel excavations within
the Tice Shale.

Heavy groundwater inflows were recorded during the excavation throughout the Tice Shale.
Significant grouting was performed to reduce groundwater inflows at several locations within the
sandstone segment of the Tice Formation, including the installation of a grouting bulkhead Sta.
1585+70 and at Sta. 1585+98 at the contact between the sandstone and the shale. Inflows
peaked at 1,300 gpm in a 50-foot wide fault zone between about Sta. 1584+31 and 1584+79 that
was identified during construction. Geologic mapping (Willis, 1932) during construction
identified the feature as dipping steeply to the west.

Briones Formation (Approximately Sta. 1591+60 to Sta. 1644+70)

The Briones Formation forms the core of the Niles Syncline (a trough of folded rock strata) that
underlies the central segment of both the EIT and NIT alignments. The westbound tunnel drive
encountered the Briones Formation at about Sta. 1591+60 and the eastbound tunnel drive
encountered the Briones Formation at about Sta. 1644+70. The two tunnel drives connected or
“holed through” at Sta. 1616+00 in this unit.

The Briones Formation was characterized in the construction reports as interbedded sandstone
and shale with zones of “hard” (highly indurated) sandstone and variable amounts of gouge and
clay. Based on construction records, the majority of the bedrock along this segment of the
alignment was commonly described as blocky to broken (blocky and seamy to very blocky and
seamy); however relatively massive (moderately jointed) zones were also observed.

An approximately 65-foot wide fault zone was identified within the Briones Formation between
about Sta. 1610+57 and 1611+21 during EIT construction. Fault gouge, heavy groundwater
inflows, and squeezing ground were identified in construction inspection records in the fault
zone. The squeezing conditions caused timber support sets to fail. Caving ground and heavy
groundwater inflows encountered between Sta. 1606+38 and 1606+86 may indicate the presence
of another fault in this area.

About 310 feet of highly fractured “soft” sandstone was recorded between Sta.1626+81 and
1629+89 near the axis of the Niles Syncline, much of which required spiling and heavy timber
ground support. Squeezing ground was also encountered between Sta. 1627+86 and Sta.
1629+92 in conjunction with this zone of soft sandstone. A 1,200-foot long zone of soft
sandstone and shale was also documented between Sta. 1636+14 and 1648 +14. Running ground
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conditions were recorded between Sta. 1619+64 to Sta. 1620+66. Caving ground conditions
were recorded between Sta. 1606+38 to 1606+86.

Heavy groundwater inflows were encountered within the Briones Formation between Sta.
1603+41 and 1611+20, between Sta. 1614+10 and 1616+40, and between Sta. 1620+70 and
1630+70. Based on construction records, heavy groundwater inflows were encountered when
tunneling from relatively impermeable shale bedrock into permeable sandstone bedrock, as at
Sta. 1606+25 and Sta. 1614+20. The heaviest groundwater inflows (up to 700 gpm) were
recorded at approximately Sta. 1630+50 near the axis of the Niles Syncline. Heavy groundwater
inflows were encountered within highly fractured sandstone beds and within mapped fault zones.

Information on initial ground support is extremely limited for the interval between the eastern
boundary of the Briones Formation (approximately Sta. 1591+60) and the end of the Alameda
West drive (Sta. 1616+00). Spiling was used in conjunction with breastboarding to excavate and
support the tunnel between Sta. 1613+00 and the end of the drive. No additional information on
the ground support was included in the inspection records for this tunnel interval.

Information on initial ground support between the western contact of the Briones Formation (Sta.
1644+70) and the end of the Irvington eastbound drive (Sta. 1616+00) indicates that Type |
support was used over the majority of this segment. In areas of significant groundwater
infiltration and squeezing ground in sandstone Between Sta. 1627+86 and 1629+92, where
squeezing ground and heavy groundwater infiltration were observed, initial ground support
consisting of spiling and heavy timber support sets (Type I11) was required to support the
excavation. Type I11-S initial ground support consisting of heavy timber support sets, spiling,
and breastboarding were required to support the excavation between Sta. 1619+24 and Sta.
1621+70 (where running ground was encountered).

Tice Shale and Unnamed Fault (Approximately Sta. 1644+70 to Sta. 1650+50)

The Tice Shale on the west side of the Niles Syncline is bounded by the Briones Formation to the
east and the western edge of the Unnamed Fault to the west. Between about Sta. 1644+70 and
1648+14, the Tice Shale was described as soft sandstone and shale. Between Sta. 1648+20 and
1650+50, the Tice Shale and Unnamed Fault Zone consisted of “broken” shale with clay seams
(very blocky and seamy), based on inspection records.

Heavy groundwater inflows (up to 1,490 gpm) were observed during the excavation of the
approximately 110-foot wide Unnamed Fault zone (approximately Sta. 1649+40 to 1650+50).
The width of the fault is estimated based on the location of significant flush flows into the EIT
excavation. Grouting was conducted and three concrete bulkheads were constructed to reduce
groundwater inflows. Only Type | and Il initial ground support was used within the fault zone.
No squeezing, running, or caving ground was documented in this zone.

Claremont Formation (Approximately Sta. 1650+50 to Sta. 1686+00)

The Claremont Formation on the west side of the existing Irvington Tunnel alignment consists of
the younger Chert and Shale Member and the older Sandstone Member. The older Sandstone
Member forms the core of an anticline (convex-upward folded rock strata) that trends northwest
to southeast across the 1-680 corridor in the vicinity of the tunnel alignments. Due to the offset
between the NIT and EIT tunnel alignments in this area, there is no linear correlation between
the ground conditions in the EIT and those expected along the NIT. Additionally, the contacts
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between the Chert and Sale member and the Sandstone member cannot be determined from the
EIT records, as both units contain a mixed lithology of sandstone and shale. Thus, only the
combined Claremont Formation will be discussed in this section.

In general, the Claremont Formation sandstone and shale were described in inspection records as
“shattered” and “finely broken” (crushed), although some “broken” (very blocky and seamy)
zones were recorded. Clay and fault gouge are present within the majority of the Claremont
Formation in the 1-680 area. Between Sta. 1663+20 and Sta. 1666+50, “bad ground” consisting
of about 320 feet of wet, soft, yellow clay (interpreted to be completely weathered rock) was
encountered within the Claremont Formation in an area of low ground cover near the old
Mission Creek.

In addition to highly fractured bedrock, the EIT encountered “soft” and running ground along the
majority of this segment (see Figure A-1). Approximately 1,800 feet of running ground and
1,400 feet of overlapping soft ground were encountered within the 3,550-foot long Claremont
Formation section of the tunnel. At least one approximately 70-foot long fault containing
“shattered” sandstone and gouge was identified during construction between Sta. 1680+73 and
Sta. 1681+43.

Heavy groundwater inflows (up to 690 gpm) within the Claremont Formation were encountered
in “finely broken” (crushed) shale between Sta. 1653+80 and Sta. 1655+40. The construction of
four concrete bulkheads was required to facilitate grouting operations to reduce groundwater
inflow between Sta. 1654+27 and 1654+98.

Due to the presence of extremely poor ground conditions, breastboarding and spiling were
required to advance the existing Irvington Tunnel excavation through the majority of the
Claremont Formation. In addition to spiling, initial tunnel support predominantly consisted of
moderate to heavy timber support sets in the majority of this unit (Types I1-S and 111-S, as shown
in Table 1). Type I ground support was installed on the eastern edge of the Claremont Formation
between Sta. 1656+80 and Sta. 1650+50.

Mill Creek Fault (Approximately Sta. 1686+00 to Sta. 1688+05)

The Mill Creek fault zone is approximately 200 feet wide and is identified by highly fractured
sandstone bedrock and fault gouge that separates the Claremont Formation from the Briones
Formation. A 90-foot-thick section of black gouge was observed between Sta. 1686+00 and Sta.
1686+90. Groundwater inflows of up to 150 gpm were observed in the black gouge zone.

Caving ground conditions were encountered over the length of the fault zone. These caving
conditions significantly slowed tunnel excavation in this segment of the tunnel. Claremont
Formation chert within tunnel excavations was described as being “very short or in small cubes,”
consistent with surface outcrops of this unit observed elsewhere.

Breastboarding was required to support the tunnel face across the majority of the Mill Creek
fault zone. Type I11-S initial ground support was used within the fault interval, which included
heavy timber support sets and spiling to support the tunnel crown.

Briones Formation (Approximately Sta. 1688+05 to Sta. 1710+21)

Briones Formation rock encountered between the Irvington Portal and the Mill Creek fault zone
predominantly consists of “soft” to “fairly hard” sandstone with “seams” of clayey gouge or

A-9





sheared rock. The bedrock is described as “very blocky” which is interpreted as representing a
very blocky and seamy ground conditions.

The Briones Formation in this segment of the tunnel did not exhibited high groundwater levels.
Groundwater inflow into tunnel in this area was extremely low (0 to 12 gpm).

Limited information is available on initial ground support within this portion of the Briones
Formation. No information on initial ground support (includ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>