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Introduction 
 
The objective of this report is to synthesize existing information relevant to the design 
and construction of the Caldecott 4th Bore.  Existing information has been compiled from 
various sources which are listed in the reference section.  The existing information has 
been synthesized by major categories of interest for the design and construction of the 
Caldecott 4th Bore Tunnel.  
 
 
Synthesis of Existing Information 
 
1. Geologic Conditions 
 


a. Structure 
 
The following descriptions of the geologic structure are based on observations 
made by Page (1950) during construction of the first two Caldecott bores 
(Broadway Tunnels).  A geologic map showing locations of existing tunnels in the 
area is shown in Figure 1.  Geologic cross sections through the Berkeley Hills are 
shown in Figure 2. 
 
The Caldecott Tunnels lie within an overturned limb (Figure 2) of a syncline 
whose axial region is 0.7 miles (1130 m) to the northeast of the tunnels.  This 
axial region trends in a northwesterly direction.  The major part of the Caldecott 
Tunnels is in a homoclinal part of this limb.  Additionally, the southwest end is in 
complexly disturbed rocks which are cut by many irregular dikes.  The average 
dip of the beds in the simple homoclinal part of the syncline is about 60o to the 
southwest and the strike is nearly normal to the tunnel line.  
 
Page describes the beds of the Claremont Chert and Shale as having many 
small scale waves, wrinkles, and contortions. This is particularly true of the Chert 
and Shale in the southwestern third of the tunnel section.  Page notes that 
obscure, unsystematic contortions prevail in the indistinctly bedded shaly 
sandstone and shale of the west portal area.  The Orinda is considered massive 
and free of minor crenulations. 
 
Page mapped a fault zone in the Claremont Formation on Old Tunnel Road 
directly above the Broadway Tunnel 800 to 900 ft (240 to 270 m) from the west 
portal.  At the tunnel level, Page notes that the zone in question which was lost in 
a confused area more than 600 ft (180 m) wide, approximately 500 to 1100 feet 
(150 to 335 m) from the west portal as shown on Figure 2, where the strata are 
highly fractured, locally contorted, and cut by many irregular dikes.  This general 
complexity and weakness was a more important factor in tunneling operations 
than the fault zone itself. 
 
Page noted that several sets of minor faults in the tunnel area had further cut the 
rock mass into large polygonal blocks separated from one another by gouge or 
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breccia.  The width of the first two bores was such that the partial weight of some 
of these blocks had to be borne by the timbers and concrete whereas many of 
the individual blocks would have spanned the width of a small tunnel.  
 
The oldest members of the minor faults are bedding faults of very small 
displacement.  These are found in the Claremont and Orinda formations and like 
the rock strata dip, steeply to the southwest.  In the Claremont formation, the 
bedding faults seen underground consist of plastic grey gouge ½ to 6 inches (1.3 
to 15 cm) wide which occur at intervals ranging from 5 to 100 ft (1.5 to 30.5 m).  
The bedding faults in the Orinda consist of ill-defined shear zones 6 inches to 5 
feet (20 to 200 cm) wide.  Within these zones, which are generally developed in 
the mudstone members, the rock is not pulverized or brecciated, but is sheared 
into slickensided lenticular plates.  The Orinda section in the first two bores was 
cut by about 12 bedding faults over a horizontal distance of 1000 ft (300 m).  The 
bedding faults are offset 1 to 10 feet (0.3 to 3 m) by small north to north-west 
trending thrusts which dip between 35o and 45o.  The thrusts are inclined to the 
northeast and some to the southwest, thus forming a conjugate pattern.  The 
above faults are offset by a group of nearly vertical east-west left-lateral faults of 
very small displacement of approximately 1 to 10 feet (0.3 to 3 m) which are well 
developed in the Claremont formation.  
 
In many places, the rocks of the first two bores were generally and intensely 
fractured, with or without proximity to definite faults.  In the 2nd bore this condition 
prevailed for a horizontal distance of 235 feet (70 m) in the shaly sandstone and 
the shale near the portal; for about 40 feet (12 m) in the Preliminary Chert and 
Shale; for 120 feet (37 m) in the Second Sandstone; and for about 600 feet (180 
m) in the Claremont Chert and Shale.  Thus out of 2900 feet (880 m) of rock 
traversed by the first two bores each, about 1020 feet (310 m) or 35% was highly 
fractured and locally crushed. 


 
 


b. Formations 
 


The following general and geologic unit specific descriptions are based on 
information prepared for the Claremont Tunnel Seismic Upgrade Project 
(Geologic Interpretive Report, Geomatrix, 2002) unless other sources are 
specifically quoted.  This report is a relatively recent compilation of existing 
geologic information.  Geologic units along the 4th bore alignment are correlated 
in Table 1. 
 
The 4th bore passes through Tertiary Basin Deposits that consist of a sequence 
of sedimentary and volcanic rocks that accumulated in the interval between 16 
Ma1 and 8.4 Ma (middle and late Miocene).  The basal rocks of these Tertiary 
deposits consist of deep marine basin sediments of the Monterey Group (locally 
represented by the Sobrante Sandstone and Claremont Formation) that are 
about 13 to 16 Ma old.  These rocks are overlain unconformably by an 


                                            
1 Ma – Millions of years before present 
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interbedded sequence of terrestrial sediments and volcanic rocks that range in 
age from 10.5 Ma to 8.4 Ma.  The Tertiary rocks have been folded into large 
amplitude, northwest trending folds (Siesta syncline and Glorietta anticline) that 
are cut by northwest trending strike-slip faults.  The large folds are truncated on 
the east by the Moraga fault, which is east of the 4th bore and is not considered 
to be an active fault by the California Division of Mines and Geology.  The Great 
Valley Sequence rocks lie at the western border of the geologic units that will be 
encountered by the 4th bore, i.e., these rocks will not be encountered in the 4th 
bore.   
 
Hand samples at several stations along the alignment were obtained during 
excavation of the 3rd bore.  These samples are maintained by the University of 
California at Berkeley.  These samples were photographed, classified by 
geologic formation, and categorized based on hardness and are shown in 
Appendix A.  The Tertiary Basin Deposits that lie on the 4th bore alignment are 
briefly described below. 
 
Sobrante Formation (Tsm) 
 
The Sobrante Formation is designated as an unnamed glauconitic mudstone of 
marine origin. This unit, the oldest of the Monterey Group, is composed of brown 
mudstone interbedded with sandy mudstone containing prominent glauconite 
grains.  Brown siltstone and fine-grained sandstone are locally interbedded.  This 
formation also includes the Preliminary Chert and Second Sandstone (Figure 2) 
mapped by Page (1950), although on-going field investigations indicate these 
units may belong to the Claremont Formation. The completion report for the 
BART tunnels reports that rocks that correlate with the Sobrante Formation are 
complexly faulted and folded with individual beds highly contorted and lenticular. 
 
Claremont Formation (Tc) 
 
The Claremont Formation consists of steeply dipping rhythmic alteration of thin 
beds of chert averaging 2.75 inches (7 cm) thick, which fracture into rectangular  
blocks, and shale partings 0.2 to 0.8 inches (0.5 to 2 cm) thick.  The chert and 
shale beds pinch and swell, and some pinch out altogether.  Included are 
dolomite layers up to 24 inches (60 cm) thick.  The Claremont Formation is of 
Middle Miocene age (14 to 15 Ma) and is unconformably overlain by 
conglomerate of the Orinda Formation.  
 
The Claremont Formation, a major petroleum source in California, locally 
contains both oil and methane gas.  Where highly fractured and water saturated 
in shear zones, and in the axial regions of folds, the Claremont Formation is 
locally subject to running conditions.  At the Caldecott Tunnels, the Claremont 
Formation is locally cut by sandstone and hydrothermally altered diabase dikes.  
The diabase dikes, altered to soft clay, were subject to squeezing and caving that 
caused a failure of the tunnel and loss of life in the first two bores.   
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Orinda Formation (Tor) 
 
The Orinda Formation that will be encountered in the tunnel is locally exposed at 
the east portal of the Caldecott Tunnels.  Sedimentary rocks within the Orinda 
Formation reflect deposition under continental conditions from sandy-gravelly 
bedload streams and their associated flood plains.  The Orinda Formation 
consists of interbedded sandy conglomerate, sandstone, and mudstone.  The 
Orinda sandstone beds are most commonly 1 to 10 feet (0.3 to 3 m) thick, and 
most samples can easily be crumbled between the fingers (Page 1950).  About 
24 conglomerate beds were crossed by each of the first two bores, and the 
matrix in this unit is sandy and poorly cemented (Page 1950).  Some diabase 
dikes were found in the Orinda on the first two bores (Page 1950). 
 
c. In-situ Ground Stresses 
 
In-situ horizontal stresses can be variable due to the complex geology of the 
area.  No stress measurements are known to have been made in the Berkeley 
Hills, and the complex geology of the area is considered to make it very difficult 
to measure in-situ stresses.  
 
Goodman (1993, pp. 357 – see Figure 3) provides the interrelationships of faults, 
folds and fractures in the Berkeley Hills idealized in relation to strike-slip fault 
tectonics.  This interpretation includes implied principal stress orientations. 
According to this interpretation, the maximum and intermediate principal stresses 
are horizontal and the intermediate principal stress is oriented in a northwesterly 
direction.  Following this interpretation, the horizontal stress acting transverse to 
the axis of the 4th bore Tunnel is going to be the intermediate principal stress.  
 
Local conditions can alter the general in-situ stress condition suggested in Figure 
3.  For instance, a zone of weak rock may cause stresses to arch around it.  An 
indication of the complex in-situ stresses in the area is provided by 
measurements of the stresses produced on load cells between the tunnel 
support and rock on the BART2 west portal exploration adit.  These 
measurements show that the lateral stresses exceed the vertical stress in the 
Hayward Fault Zone, while the lateral stresses are lower than the vertical stress 
in the adjacent Franciscan Formation (Brown et. al. 1981).  
 
d. Summary 
 
The 4th Bore alignment crosses through three Tertiary Basin Deposits: the 
Sobrante, Claremont and Orinda formations (Figure 1).  The Sobrante Formation 
consists of mudstone interbedded with sandy mudstone, siltstone and fine 
grained sandstone, as well as the Preliminary Chert and Second Sandstone units 
identified by Page (1950).  The Claremont Formation consists of rhythmic 
alterations of thin beds of chert and shale partings. The Orinda Formation 


                                            
2 Interaction effects were assumed to be absent for the BART tunnels (Brown et. al., 1981) as the pillar 
width of 100 feet (30 m) between the tunnels is over 4.5 times the tunnel span. 
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consists of interbedded sandy conglomerate and sandy to silty claystone. The 
Great Valley Sequence rocks lie to the west of the 4th Bore western portal.  
 
The Tertiary rocks have been folded into large amplitude, northwest trending 
folds that are cut by northwest trending strike-slip faults. Smaller scale distortions 
related to folding have been observed in the Sobrante and Claremont formations. 
A fault zone, several sets of minor faults and intensely fractured zones have 
been observed in the first two bores. In-situ horizontal stresses can be variable, 
and interpretation of structural features indicate horizontal stresses acting 
transverse to the 4th Bore longitudinal axis will be the intermediate principal 
stress. 
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2. Rock Characteristics 
 
 This section summarizes the geomechanical properties of rock units along the 4th 


bore alignment.  This information is based on work performed on past projects in 
the area.   


 
No records of borings for the first two Caldecott Tunnel bores have been 
identified.  Page (1950) explains that a geologic examination report of the tunnel 
site, which was not included in the contract documents but made available to 
bidders, was the basis of the construction bids.  This geologic report appears to 
have been the only geotechnical information developed prior to construction.  
When tunneling began, it was found that the ground behavior was more adverse 
than proposed by the geologic report, but that the major formations had been 
identified correctly.  Page (1950) made detailed observations of the formations 
and ground behavior on the first two bores, and his observations illustrating rock 
mass properties are described below for the first two bores.  


 
Only shallow borings used for portal structure design have been identified for the 
3rd bore.  McCarry (2004) confirmed that no borings were performed along the 
third bore alignment itself.  McCarry (2004) also indicated that geologic mapping 
was not performed systematically on the 3rd bore, but a walk through report by 
Radbruch (1963) and daily construction logs from the construction period are 
available.  Radbruch’s (1963) report confirmed the occurrence of the units 
identified in the first two bores by Page (1950). 


 
Borings and test pits used for the Claremont Tunnel Seismic Upgrade Project 
(Geologic Interpretive Report, Geomatrix, 2002) are located 1.3 miles (2100 m) 
to the west of the 4th bore alignment.  The geologic units encountered in these 
borings and test pits belong to different geologic units than those anticipated on 
the Caldecott 4th bore alignment.  All available information on the construction of 
the original Claremont Tunnel has been compiled as shown in Figure 4.  No 
boring logs or other geotechnical information has been located besides what is 
shown in Figure 4 (Caulfield, J., 2004).  
 
The BART tunnel was mapped (Bechtel, 1968) during construction, and these 
maps show rock lithology, structure, groundwater and tunneling methods used.  
Also, boring logs and test results are available from the BART tunnels. 


 
a. Sobrante Formation 


 
The Sobrante Formation consists of the First Shale, Portal Sandstone, Shaly 
Sandstone, Preliminary Chert and Secondary Sandstone units (Earth Mechanics, 
2003).  The existing Caldecott Tunnels and the BART Berkeley Hills Tunnels 
have encountered this formation.  This formation was not encountered in the 
Claremont Tunnel as shown in the geologic section of Figure 4. 
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Caldecott Tunnels 
 
Page (1950) describes the First Shale as thinly bedded, brittle and highly 
fractured.  The Portal Sandstone is described by Page (1950) as partially 
cemented but more generally friable, relatively resistant to erosion, and well 
fractured.  The Shale, Sandy Shale and Shaly Sandstone are described by Page 
(1950) as being faulted on a small scale and weak, friable and susceptible to 
softening by water.  The Preliminary Chert (Page 1950) is highly fractured and 
lithologically indistinguishable from the Claremont Chert.  The Second Sandstone 
(Page 1950) is fairly well consolidated, but is closely fractured in many places 
and cut by several unstable dikes.  Some diabase dikes were found in the 
Second Sandstone on the first two bores (Page 1950). 
 
BART Berkeley Hills Tunnel 
 
The BART exploration and testing program included one UCS test at a depth of 
408 feet (120 m) in boring BT-5 which lies in the Sobrante Formation. This test 
shows a UCS of 4500 psi (31 MPa).  Photographs of the core in the BT-5 core 
box show the majority of the core is either broken up or disintegrated and the 
remainder consists of intact lengths of core (core recovery is 82% per the log). 
This suggests the strength of this core was variable and that the single test would 
not be representative of this variation.  Also the log for BT-5 shows the test was 
from a sample in the siltstone that was at least 200 feet (60 m) deeper than the 
rock the 4th bore will encounter.  The BART boring log describes the siltstone 
encountered as “moderately hard and highly fractured.” 


 
The Bart Tunnel encounters approximately 1585 feet (392 m) of the Sobrante 
Formation.  According to the BART geologic maps, the First Shale was closely 
sheared in many places but blocky in others, moderately soft to hard when dry 
but slaky when wet.  The Portal Sandstone was described as “gray, friable to well 
cemented, predominantly fine-grained, and blocky.”  The Portal Sandstone was 
moderately hard with scattered sheared interbeds of shale, and was blasted 
using 0.5 to 2.0 lbs/cubic yard of explosives.  The Shaly Sandstone was “slabby, 
with fractures spaced 1 inch to 3 feet, and breaks generally along shear surfaces 
that are highly polished.”  The Second Sandstone was described as “moderately 
hard with shale interbeds and diabase dikes, with fractures spaced 1 inch to 2 
feet.”  The BART tunnel also encountered thinly bedded chert that was hard and 
closely fractured and numerous diabase dikes.  


 
Shallow Borings in the Vicinity of the 4th Bore 
 
Boring Logs obtained from the City of Oakland and Alan Kropp & Associates 
(Geomatrix, 2005) are summarized in Table 2.  These logs were mostly from 
shallow borings performed for residential projects in the vicinity of the proposed 
4th Bore.  Boring locations were correlated to the geologic units of Page (1950).  
Tables of the complete logs can be found in Appendix C. 
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b. Claremont Formation 
 


Caldecott Tunnels 
 
The Claremont Chert and Shale underlies the crestal portion of the hill pierced by 
the Caldecott Tunnels, and constitutes nearly half of the rock traversed by the 
tunnels (Page 1950).  The Cherty strata are hard, brittle and transversely jointed 
to produce irregular prisms (Page 1950).  The Shale is hard, not as brittle as the 
Cherty beds, lacks prismatic transverse jointing, and is slightly fissiled (Page 
1950).  
 
Stubby lenses of dolomite are found at intervals in the Claremont formation.  The 
upper 150 feet (46 m) of the formation strata include several zones of relatively 
hard mudstone.  Sandstone that is lithologically similar to the Second Sandstone 
occurs mainly as dikes in the Claremont formation.  Most of the intrusive 
sandstone is well cemented with calcite, and the rock is fairly hard and brittle 
except where crushed or weathered (Page 1950). Dikes in the Claremont 
Formation consist of sandstone as well as igneous intrusions. The Claremont 
Formation contained many diabase dikes within the first two bores, most of which 
had been softened by hydrothermal alteration (Page 1950).  The road cuts along 
Grizzly Peak show an exceptional concentration of diabase dikes at the tunnel 
line of the first two bores (Page 1950).  The altered diabase was moist and 
plastic when penetrated underground.  Page notes that handfuls of the material 
could be squeezed through the fingers like putty. 
 
BART Berkeley Hills Tunnel 
 
No testing was done in the Claremont Formation for the BART tunnels, but the 
geologic mapping describes the structure and lithology of the formation.  The 
BART maps identify the contact between the Sobrante Formation and the 
Claremont Formation at BART Station 1250+60 (tunnel stationing shown on 
Figure 5).  The Bart Tunnel encounters approximately 1275 feet (389 m) of the 
Claremont Formation. 
 
According to the BART geologic maps, the Claremont Formation was mostly 
comprised of chert with thin interbeds of shale and claystone.  The chert was 
described as hard, brittle and highly fractured.  The shale, which occured in beds 
generally less than 1-inch (2.5 cm) thick, was sheared and ranges from soft to 
hard depending on the degree of silicification.  The formation was marked by 
frequent occurrences of sandstone and diabase dikes which generally parallel 
the bedding.  However sandstone dikes also occurred in lenses and bodies that 
tend to cut across the bedding.  The sandstone was blocky, with fractures 
spaced an average of 3 inches (7.6 cm) and was generally well cemented.  The 
rock was described as “ravelly” and predominately shoots to 1 to 6 inch (2.5 to 
15.2 cm) slices. 
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Shallow Borings in the Vicinity of the 4th Bore 
 
Boring Logs obtained from the City of Oakland and Alan Kropp & Associates 
(Geomatrix 2005) are summarized in Table 2.  Tables of the complete logs can 
be found in Appendix C. 
 
Other Tunnels 
 
No tests have been found from the Claremont Tunnel providing material property 
data for the Claremont Formation.  As mentioned previously, no borings have 
been made for the Caldecott Tunnels in this formation. 
 
c. Orinda Formation 


 
Caldecott Tunnels 


 
The bulk of the Orinda consists of poorly consolidated mudstone and sandstone, 
with occasional layers of conglomerate (Page 1950).  The mudstone is soft, 
massive and obscurely stratified.  Some of the mudstone is sandy, and in 
countless places there are imperceptible gradations into sandstone.  Most 
samples of the sandstone are easily crumbled between the fingers (Page 1950).  
The matrix in the conglomerate unit is sandy and poorly cemented (Page 1950).   


  
BART Berkeley Hills Tunnel 
 
The BART exploration and testing program included several UCS, tensile 
splitting and triaxial tests from samples in borings BT-6 and BT-10 which lie in 
the Orinda Formation.  All but one of the eight UCS tests show a UCS of 
between 3560 and 6490 psi (24 and 45 MPa), which is a considerably stronger 
than indicated by Page’s (1950) description of the Orinda.  The triaxial tests for 
the siltstone and conglomerate indicate the siltstone has a cohesion of 230 ksf 
(11 MPa) and a friction angle of 38 degrees, while the conglomerate has a 
cohesion of 57 ksf (2.7 MPa) and a friction angle of 47 degrees.  Once again, 
these strengths indicate a stronger rock than described by Page (1950).  
Photographs of the core from boring BT-5 show a variation in strength indicated 
by lengths of disintegrated core and intact core.  This suggests the strength of 
this core was variable and that the tests may not be representative of this 
variation.  Also the deeper BART test samples appear to be stronger than the 
samples tested for a tunnel project in San Ramon described below (URSGWC, 
2000).  The BART boring logs describe the siltstone as “hard, highly fractured”, 
the sandstone as “hard with random fracturing” and conglomerate as “hard, 
poorly to well cemented, moderately fractured.” 
 
The BART construction maps identify the contact between the Claremont 
Formation and the Orinda Formation at BART Station 1263+35 (Figure 5), and 
the contact between the Orinda and the Moraga Formation at Station 1291+25 
(Figure 5).  The Orinda siltstone was described in the BART north tunnel 
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geologic maps as “soft to moderately hard, slakes, decomposes in water, 
massive to thinly interbedded with sandstone.”  The tunnel maps describe the 
Orinda sandstone as “moderately hard, moderately well cemented” and the 
conglomerate as “friable to well cemented, and massive with only scattered 
fractures.”  The formation was crossed by many shear zones ranging from 1 inch 
to 3 feet (2.5 to 91 cm) thick.  Brown (1981) also summarized the Orinda 
Formation encountered in the BART tunnels – the siltstone was massive, 
moderately strong but susceptible to slaking; the sandstone was moderately 
strong and blocky; and the conglomerate contained gravel up to 12-in (30 cm) 
diameter and ranges from friable to well cemented.  These observations span a 
range of rock strength that includes Page’s (1950) description of the Orinda at 
the low end, but also includes somewhat stronger material.  
 
3rd Bore Test Borings 
 
The 3rd bore As-Built drawings contain borings made near the east portal area of 
the 3rd and 4th bores.  These borings only log the lithology and a lower bound 
blow count, which is generally more than 100 blows/ft.  A sandstone and shale 
sequence is described as highly competent in one log and the shale is described 
as competent in another log. 


 
San Ramon Tunnel 


 
The Dougherty Valley Tunnel in San Ramon is located approximately 18 miles 
(29 km) southeast of the Caldecott Tunnels.  Approximately 4500 feet (1372 m) 
of the tunnel pass through the Orinda Formation.  Unconfined compression tests 
performed on samples of the Orinda Formation (URSGWC, 2000) range from 7 
psi to 523 psi (48 to 3600 KPa) with an average of 120 psi (830 KPa).  The 
weathering depth is about 60 feet (18 m) in the Orinda, and the UCS in the 
weathered zone ranges from 7 psi to 247 psi (48 to 1700 KPa) with an average 
value of 64 psi (440 KPa). 
 
The Geotechnical Baseline Report (URSGWC, 2000) describes the Orinda 
Formation as an extremely weak to very weak sedimentary rock consisting of 
interbeds of sandstone, siltstone, and claystone, with occasional layers of 
conglomerate.  The thickness of the bedding ranges from 3 to 10 feet (0.9 to 3 
m).  Core recovery was good in general and averaged 87, 92, and 86 for the 
sandstone, siltstone, and claystone, respectively.  Rock Quality Designations 
were generally between 80 and 100, except in the friable sandstone as described 
below.   
 
The sandstone encountered was generally fine-grained, and portions were very 
weakly cemented and friable.  Core recovery averaged approximately 76 percent 
in the friable sandstone compared with 87 percent overall in the sandstone.  Free 
swell tests and slake durability tests were performed on samples of sandstone, 
siltstone, and claystone.  The free swell test indicated an average swelling of 8.1 
percent and 6 percent for the siltstone and claystone, respectively.  Slake 
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durability tests indicated “very low durability” for all three rock types.  With the 
exception of thin interbeds, conglomerate was not encountered in any of the 
exploratory borings.   
 
Briones Dam Outlet Tunnel 


 
 The outlet tunnel of the Briones Dam is located approximately 4 miles (6.4 km) 


north of the Caldecott Tunnels in Contra Costa County.  Approximately 1800 feet 
(550 m) of the tunnel pass through the Orinda Formation.  Geologic mapping was 
done at the time of excavation and includes descriptions of the geologic features 
encountered.  The geological units along the tunnel excavation included 
conglomerate, sandstone, siltstone, and claystone.  Numerous fractures and 
shear zones varying from 2 to 18 inches (5 to 46 cm) wide were encountered 
along the reach and these fractures generally occurred parallel to the bedding.  
In general, the conglomerate, sandstone, and siltstone units were massive and 
intact while the claystone units were repeatedly described being “highly 
fractured”, “fragmented”, “sheared” and “crushed.”  Initial support consisted of 6-
in (15 cm) steel sets with lagging spaced 5 to 6 feet (1.5 to 1.8 m) on center 
depending on the location.  The final lining of the 84-in (213 cm) circular tunnel 
consisted of 10.5-in (27 cm) reinforced concrete surrounding a 5/16-in (0.8 cm) 
thick steel lining. 
 
Back Analysis of Landslides 


 
Duncan (1971) performed back analysis of landslides in the Orinda Formation 
mapped by Radbruch and Weiler (1963).  Duncan estimated an average 
cohesion of only 54 psf (2.6 KPa) and a friction angle of 20 degrees based on 
back analysis of 24 landslides in the Orinda sandstone, shale and conglomerate.  
Back analysis of landslides will generally produce low estimates of strength as 
landslides typically occur on weakness planes that may not occur, or similarly 
impact, a tunnel.  A failure plane that is adversely oriented to a slope may not be 
so to a tunnel.  In addition, pore pressures were not accounted for in the back 
analysis, which would tend to reduce back calculated strengths.  Duncan (1971) 
states that the back calculated estimates are “not fundamental properties of the 
soil, but simply empirical coefficients whose value reflect the behavior of these 
soils and rocks under the particular climactic conditions of the area.”  Thus these 
estimates of the Orinda formation strength are considered representative of very 
adverse conditions and not of the overall rock mass.  
 
Shallow Borings in the Vicinity of the 4th Bore 
 
Boring Logs obtained from the City of Oakland and Alan Kropp & Associates 
(Geomatrix 2005) are summarized in Table 2.  Tables of the complete logs can 
be found in Appendix C. 
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d. Summary 
 
Table 3 summarizes the existing information regarding ground properties of the 
formations the 4th Bore will traverse. Rock mass descriptions vary by geologic 
unit and Table 3 indicates ranges of rock quality that may be encountered on the 
4th Bore. The existing test data (Table 3) indicates variations of rock strength. 
The tests on the deeper BART rock samples show higher strengths than 
observations and tests on samples from shallower depths. Strengths from tests 
done on the San Ramon Tunnel are comparable to strength observations by 
Page (1953) on the first two bores. Back analyses of landslides provide an 
indication of strengths of weakness planes near ground surface in the Orinda 
formation.  Tests done on samples from shallow borings provide some 
information on strengths near the ground surface. 
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3. Construction Sequence & Performance During Construction of 1st & 2nd Bores 
 


Bids for the construction of the first two bores were taken on May 22, 1934, and 
The Six Companies of California, Inc. received award of the contract on May 29, 
1934.  Actual work started on June 6, 1934 and was scheduled to be completed 
on May 24, 1936.  On June 13, 1936 the original contract was rescinded by the 
contractor with about 68% of the work completed.  The remainder of the work 
was advertised under a series of schedules.  Schedule A called for completion of 
the tunnel excavation and concrete arch lining – this work started on December 
9, 1936 and was completed on June 22, 1937 (Harding, P.O., 1937).   
 
a. Construction Sequence and Initial Support 
 
When the tunnel excavation began, Page (1950) reports that the contractor 
discovered that the ground was anything but self-supporting as had been 
anticipated.  Page (1950) describes a series of drifts being advanced to erect 
timber support.  Timber sets and lagging (Figure 6) was used as initial support for 
the full tunnel section, and a sequence of drifts were used to construct the initial 
support using the core as support (Figure 7).  These drifts were first driven along 
the sidelines of the full bores, followed by excavation and support of the sides 
(legs) and arch.  The core of rock remaining in the center of each bore was 
removed in successive stages, having first served as a support for stulls until the 
permanent, closely spaced timber sets were completed.  Page (1950) reports 
that construction was completed under Schedule A, using essentially the same 
methods as the original contractor used.  
 
Drift sequencing details used on the two bores by the original contractor are 
given in a report on Excavation Methods and Progress (Six Companies of 
California, date unknown).  Figures 8a and 8b show representative examples of 
the excavation progress shown in this report.  These figures show that the 
number of drifts and their extent changed along the tunnel, i.e. smaller drifts were 
combined or larger drifts were broken into smaller ones at different locations 
along the tunnel.  Figure 8a shows the addition and removal of the crown drift 
between Stations 113+25 and 123+07 in the 1st bore.  Similarly, Figure 8b shows 
a drift sequencing modification involving widening of the crown drift and raising of 
the wall plate drifts in the 2nd bore between Stations 112+53 and 116+82.  Details 
of this report also provide information on the length of time required to advance 
various drifts to various lengths.  Figure 9 shows a model of the drift sequencing 
schemes evaluated for use on the first two bores. 
 
Initial support for the 1st and 2nd bores consisted of timber sets and lagging.  As 
shown in Figure 7, estimated timber dimensions for the arch ring were 12”x12” 
and lagging was 3”x12”.  Estimated dimensions of the support posts were 
12”x12” at the lower level, which decreased to 8”x12” around the springline, and 
further decreased to 6”x12” at the crown.  However, installed timber dimensions 
varied, as indicated by the daily log on February 15, 1936.  The daily log notes 
that 12”x12” timber posts were replaced by 8”x16” posts and may not provide 
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adequate support capacity for applied pressures.  The first two bores are 
approximately horseshoe shaped with an excavated height of 34 feet (10.4 m) 
and an excavated width of about 36 feet (11 m). 
 
The hazard of encountering inflammable gas and oil, or toxic gas, required safe 
equipment and routine gas tests after each round of blasting. No light oil, and 
mere traces of CH4, CO2 and H2S were found. One dangerous occurrence of 
methane was readily detected and quickly dissipated, although no information is 
available on where this occurred. 
 
b. Ground Behavior 
 
Page (1950) describes several difficulties encountered in the construction of the 
first two bores of the Caldecott Tunnel.  In addition, the daily inspection reports 
describe the ground conditions and behavior encountered during construction.  
This information is summarized below and is shown graphically in Figure 10. 
 
Sobrante Formation 
 
Page describes the ravine topography at the west portal area as producing 
downslope stresses in three directions: against either tunnel wall and 
longitudinally toward the tunnel heading along an inclined stream channel.  The 
soft deposits on the tunnel roof toward the stream channel tended to move 
downstream when underground excavation was begun.  Continued downstream 
stresses made it necessary to brace the south tunnel timbers against the portal 
building.  Transverse stresses were exerted from a hillside to the southeast, and 
a 2000 cubic yard (1530 cubic meter) slide occurred from this slope.  Page also 
noted that severe lateral stresses were exerted upon the north tunnel by unstable 
shaly sandstone and shale bedrock on the northwest side of the west portal area.  
 
Page noted that heavy timbering was required in the shale and shaly sandstone 
units.  It was necessary to stop the face advance to place the final lining after no 
firmer ground was encountered after about a 100 feet (30 m) drive.  The shaly 
sandstone and shale were so weak that the core in places would not stand at a 
slope steeper than 45 degrees.  After the pilot drifts were completed, it was 
realized that none of the ground along the entire tunnel could be left unsupported 
prior to placement of the final lining.  Running ground was experienced at several 
locations in the Preliminary Chert and Shale. 
 
The Daily Inspection Reports through the 1st bore describe the Sobrante 
Formation as “generally good” (E.W. Ray 1937).  The timber records show that 
much of the timber was set without collar braces, blocks were used instead of 
wall plates, and much of the area was able to stand without lagging.  There were 
several small areas of soft or shattered ground which were wet and occasionally 
required breastboarding at the face to prevent sloughing.  Breastboarding and 
spiling were required from Stations 113+35 to 115+00, approximately 275 to 440 
feet (84 to 134 m) from the west portal, to prevent the flow of running ground 







 


 


19


along the side walls of the drifts (Figure 10).  None of these ground conditions 
presented any safety hazards and delays in progress only occurred where there 
was a lack of proper timber. 
 
The Daily Inspection Reports from the 2nd bore note that the Sobrante Formation 
consisted of hard, somewhat fractured Monterey Sandstone with intrusions of 
wet, granulated chert and shale.  These intrusions contributed to occasional 
ground slips that required immediate support.  There were occasional areas of 
running ground which ranged from 8 to 35 cubic yards (6 to 27 cubic meters) of 
material.  Considerable pressure was showing in the timber sets that were 
located at Station 117+00, approximately 650 feet (198 m) from the west portal 
(Figure 10). 
 
The first cave-in occurred on August 28, 1935 at Station 114+10 approximately 
350 feet (107 m) from the west portal of the 2nd bore (Figure 10).  The cave-in 
occurred during replacement of timbers to allow for the full thickness of concrete 
lining.  Too much timbering was removed at once and the unsupported ground 
collapsed and killed three workers.  The cave-in occurred in the Preliminary 
Chert and Shale at its contact with the Second Sandstone. The contact is 
physically weak and had required breastboarding when it was initially excavated.  
The cave-in extended to the ground surface 100 feet (30 m) above the tunnel, 
resulting in a sink hole developing at the surface. The tunnel was filled for a 
distance of 125 feet (38 m), and the debris became compacted and had to be 
drilled and blasted for removal.  
 
Claremont Formation 
 
According to Page, running ground was experienced at several locations in the 
Claremont Formation.  This material proved to be highly shattered and wet, and 
locally the small brittle fragments tended to stream into the tunnels, requiring 
breastboarding and spiling.  This behavior was seen in many places in the 
Claremont Formation along small faults, adjacent to dikes and in vaguely defined 
places.  Gradual loading stresses were developed in this formation. The 
presence of water aggravated the weakness of diabase dikes.  The chert and 
most of the Miocene shale were not softened appreciably by water, but where 
crushed, contained pockets of water that were locally swept into the pilot drifts 
under appreciable hydrostatic head.  The Claremont Chert and Shale is 
described by Page as being brittle and fractured, and having a better standup 
time when slightly damp than when dry.    
 
Page describes the unpredictable occurrences of ground conditions within the 
Claremont Formation, including crushed rock, soft altered diabase dikes, and 
hard sandstone dikes.  Ground instability was promoted by the condition of 
sandstone and igneous dikes, along which differential movement had occurred.  
Altered diabase dikes were weakened by internal fractures and shear planes, 
and rendered soft by the development of clay minerals.  Differential movement 
along the margins had locally pulverized the bordering chert and shale.  The 
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dikes not only tended to cave into the tunnels, but also permitted the gradual 
movement of adjoining masses of rock.  In parts of the diabase dike swarm 
located on Figure 10, square sets and gunite, as well as the usual heavy timbers 
were used for temporary support. 
 
The Daily Inspection Reports for the 1st and 2nd bores note the occurrence of 
sandstone dikes and small chutes of loosened granulated chert, which ran freely 
unless breastboarded.  Spiling was used to excavate the drifts in the worst of 
these areas.  The timber lagging from Stations 118+00 to 119+00, approximately 
740 to 840 feet (225 to 256 m) from the west portal of the 1st bore, showed 
considerable loading (Figure 10).  Several timber posts in the side drifts failed. 
 
The second cave-in occurred in the 2nd bore on February 22, 1936 at Station 
126+20 approximately 1500 feet (460 m) from the east portal (Figure 10).  The 
second cave-in happened under the highest point of the hill.  According to Page, 
the cave-in was caused by the weakness of a hydrothermally altered diabase3 
dike 3 inches to 11 feet (7.6 to 335 cm) wide which occurred in a fault zone.  
Page notes that the dike was deceptive as it was not as weak as others.  The 
dike was very narrow at the side walls but widened out considerably to several 
feet in thickness as it crossed diagonally through the tunnel at an approximate 45 
degree angle from the centerline.   
 
The cave-in occurred on a fully timbered section and filled the tunnel from wall to 
wall flattening a power shovel.  It began at the right wall which did not have 
enough timbering to prevent collapse.  Caving continued at intervals for several 
hours until the top of the debris and the void in the roof extended upwards far 
above the normal arch of the tunnel.  The inspection reports attribute heavy 
shooting conditions combined with improper timbering as the cause of the 
collapse.  At the time of the cave-in, the 2nd bore (north tunnel) had been 
advanced further than the 1st bore (south tunnel).  In anticipation of hazardous 
conditions, the 1st bore was gunited when advanced through the location of the 
cave-in.  The dike which caused the collapse in the 2nd bore varied from 2 to 18 
inches (0.8 to 7.1 cm) thick in 1st bore.   
 
Orinda Formation 
 
Page describes the Orinda mudstone as being soft, plastic and unstable when 
wet.  Conglomerate beds in the Orinda feed water to the adjacent mudstone and 
sandstone beds.  The timbers on the first two bores showed a good deal of strain 
in areas of wet mudstone, and several sodden masses of this material fell into 
the pilot drifts.  Moreover, water running along the floor of the drifts was soaked 
up by the mudstone which developed a capillary fringe of saturation.  As a result, 
mudstone along walls within a foot or two of the floor softened and tended to 
slough into the drifts.   
 


                                            
3 Page attributes the cave-in to a diabase dike, while the engineer’s report references a sandstone dike.  
However, either the occurrence of either one would represent a hazardous condition. 
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The Daily Inspection Reports for the 1st and 2nd bores describe the Orinda 
Formation as fractured and seamy, and vulnerable to slaking when it was 
exposed to air.  This made proper timbering and blocking necessary to prevent 
sloughing and crumbling.  This formation was drilled easily with augers. 
 
c. Final Lining 
 
The final lining was placed using a form riding on a jumbo carrier (Figure 11).  As 
mentioned above in Page (1950) the final lining was placed as the tunnel 
heading was being advanced.  No specifics on the lag between the heading 
advance and the final lining placement are available, but from Page’s (1950) 
description, the lag was on the order of a 100 feet (30 m).  The lag was about 
1000 feet (300 m) when the first cave-in occurred, and this lag and the 
associated six month period of the temporary support’s service is identified as 
the cause of splintering of the temporary support in a news clipping (Oakland 
Post Enquirer, 1936) published after the first cave-in.  These observations 
indicate the timber temporary support did not have the capacity to support the 
ground for long periods of time before the final lining was placed. 


 
The final lining of the first two bores consists of a concrete arch that was 3 feet 
(0.9 m) thick above the springline, and which thickens below the springline to 
6.25 feet (1.9 m) at the footing elevation.  The As-Built drawings show no 
structural details of the final lining.  A report on reinforcing steel (Boggs, W.B., 
1937) details the reinforcing used (Figure 12) on three consecutive reaches 
totaling to a length of about 215 feet (65 m).  This report shows transverse 
reinforcement on the intrados and extrados to consist of 7/8 inch (2.2 cm) 
diameter bars on either 12 or 24 inch (30.5 to 61 cm) centers.  The report shows 
longitudinal reinforcement to consist of ¾ inch (1.9 cm) bars on 24 inch (61 cm) 
centers on the extrados and intrados.  Concrete cylinder test results from the 1st 
and 2nd bores show the final lining concrete had a lower bound strength of 
approximately 3300 psi (22.8 MPa). 
 
d. Summary 
 
A sequence of drifts was used to construct the initial support system consisting of 
full section timber sets and lagging. The number and extent of drifts varied along 
the alignment. The concrete arch final lining was placed, as the tunnel heading 
was being advanced, using a form riding on a jumbo carrier. 
 
The Sobrante Formation is described as “generally good” ground, although there 
are several locations where difficult ground behavior (Figure 10) was 
encountered. A cave-in occurred at one such location.  
 
Running ground was experienced at many places in the Claremont Formation at 
locations of faults, dikes and elsewhere that required breastboarding and spiling. 
Also, sandstone and diabase dikes promoted instability independently of running 







 


 


22


ground in the Claremont Formation and a cave-in was partly caused by this 
condition.  
 
Tunneling difficulties in the Orinda occur where the mudstone is wet, and consist 
of high loading stresses and sloughing. Rocks in the Orinda are also vulnerable 
to slaking where exposed to air. 
 
No light oil, and mere traces of CH4, CO2 and H2S were found. One dangerous 
occurrence of methane was readily detected and quickly dissipated, although no 
information is available on where this occurred. 
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4. Construction Sequence & Performance During Construction of 3rd Bore 
  
 Information collected on the construction performance of the Caldecott 3rd bore is 
 shown graphically in Figure 10.  This information includes progress rates, initial 
 support spacing, and ground behavior.  This material was obtained from a  variety 
 of sources including the Daily Inspection Reports and Weekly Newsletters for the 
 Caldecott 3rd bore. 
 


a. Construction Sequence and Initial Support 
 
The 3rd bore was built using a top heading and bench excavation sequence 
(Figure 13) that utilized crown and wall plate drifts as described below (Report on 
the Completion of the 3rd Bore, 1964).  The top heading drive began from the 
west portal on January 20, 1962 and was stopped 15 months later on April 27, 
1963 after excavating 2015 feet (614 m) because the breastboard jumbo used on 
this drive was inefficient.  A shield drive from the east portal was used to 
complete the remaining 1285 feet (392 m) of excavation in four months between 
April 9, 1963 and July 27, 1963.  The two top heading drives met at Station 
227+604 (see Figure 10).  The 3rd bore has an average excavated height of about 
40 ft, and an excavated width of about 47 ft.  
 
Pilasters used to support the wall plates were installed over 13 months along the 
entire 3300-ft (1006 m) length between November 1, 1962 and November 22, 
1963.  This work started before the two top heading drifts met.  Bench excavation 
took 16 months between August 20, 1962 and December 12, 1963, while 
excavation for the final lining footing took 10 months from February 12, 1963 and 
December 12, 1963.  Roadbed excavation took 3 months between December 24, 
1963 and March 20, 1964.  The 3rd bore did not utilize any invert struts.    
 
Wall Plate and Crown Drifts 
 
Wall plate and crown drifts (Figure 13) were driven prior to top heading 
excavation to “portal out” (i.e. develop the tunnel structure in the portal areas), as 
well as to install wall plates to support the top heading steel ribs.  All three of 
these drifts were 8 feet by 8 feet (2.4 m by 2.4 m) measured between the 
wooden supports.  The wall plate drifts had a 2-ft (0.6 m) batter on the tunnel 
perimeter leg (Figure 13).  Work on the drifts began at the west portal on 
November 15, 1961 (north drift), November 20, 1961 (south drift) and November 
28, 1961 (crown drift).  
 
Initial support of the drifts consisted of 10”x10” wood sets on 5-ft (1.5 m) centers, 
with 2”x12” or 3”x12” lagging and 3”x12” spiling as needed.  Air spades and 
jackhammers were used to excavate the drifts started from the west end in the 
“portaling out” reach while drill and shoot was used when required east of the 
“portaling out” reach.  Spiling was used on these drifts driven from the west end 


                                            
4 Note: all stations referenced for the 3rd bore in this report refer to the “Os” stations as shown on the As-
Built drawings 
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in soft ground, and occasionally lagged timber sets were used when the ground 
was better.  In good ground (sandstone) these west end drifts were advanced 
without any support whatsoever.  Spiling and foot blocks were used at the west 
portal during “portaling out.” 
 
Wall plate drifts were started at the east portal on July 2, 1962 to avoid the 
expense of installing an additional fan line to supply air to the drifts driven from 
the west portal.  Mining the drifts from the east portal proceeded similarly to the 
methods used at the west portal.  Spiling was placed in the crown where 
required.  Spiling was not required for most of the length, and just enough 
lagging was used to support the broken rock.  After the operation was in full 
swing, each east end drift was advanced 22.5 feet (6.8 m) per day. Cross-drifts 
were constructed every 400 feet (122 m) to allow cars to pass and to be able to 
access the other drift without having to exit to the portal.  Air for the east end drift 
excavation was supplied by 600 cfm and 900 cfm portable air compressors as on 
the west end drifts.  Drift excavation continued from both ends until January 10, 
1963, at which time the south drift met at Station 218+91.  The north drift holed 
through on January 22, 1963 at Station 219+70. 
 
Portals 
 
The tunnel at the west portal area was constructed by driving the top heading 
westwards out towards the portal from a point about 110 feet (33 m) east of the 
portal, inside the hill (see Figure 10).  The start of this “portaling out” operation 
was selected to be 110 feet (33 m) inside the hill where good ground (sandstone) 
was encountered.  The crown and side drifts were connected at this location 
along the tunnel perimeter and supported with a six piece steel rib resting on the 
pre-installed wall plates (Figure 13).  This arch annulus was driven out towards 
the portal and supported with ribs and lagging leaving the horseshoe shaped 
upper core in place (Figure 13). 
 
Portaling out was completed on January 30, 1962 at the west portal, and work 
then started to remove the upper core down to wall plate elevation.  Wall plate 
excavation beyond the “portaling out” reach resumed on February 2, 1962.  The 
Contractor originally planned to “portal out” at the east portal in the same way it 
was done at the west portal and a 94-ft (29 m) long crown drift was constructed 
there between September 18, 1962 and November 12, 1962.  This work was only 
done during the day shift.  Timber sets were placed on 3 ft (0.9 m) centers, and 
no powder was used since there was only 8 feet (2.4 m) of cover below Fish 
Ranch Road.  This drift work was suspended after going under the road and 
getting to suitable material.  Actual portal excavation was done at the east portal 
using a shield. 
 
Top Heading Drives 
 
The top heading from the west portal was constructed using a breastboard 
jumbo, 53 feet (16 m) long, 25 (7.6 m) feet wide and 23 feet (7 m) high, and 
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weighing 50 tons that was originally built and used on San Francisco’s Russian 
Hill Tunnel 10 years earlier.  Figures 14 and 15 show pictures of the breastboard 
jumbo taken during construction of the 3rd bore.  The breastboard jumbo was 
more than a platform for drilling as it was designed to support the entire tunnel 
face during soft ground tunneling.  The face support consisted of 18 hydraulic 
jacks with 15 tons capacity, positioned in a jack assembly frame cantilevered 10 
feet (3 m) forward of the main jumbo structure.  Four 45 ton holding jacks were 
positioned laterally on the main jumbo structure and pushed against steel walers 
bolted to the previously erected steel sets.  The whole jack system was 
controlled from an operating deck behind the jack assembly frame.  In addition to 
the normal function of keeping the breastboard jacks in constant bearing against 
the face, it was possible to move the jumbo forward while maintaining pressure 
against the face.  The breastboard jumbo was moved into place on March 26, 
1962. 
 
During excavation with the jumbo in sandstone, where no face shoring was 
needed, many holes for blasting were required.  Not all the holes across the 
entire face were loaded and shot at the same time.  Three to four shots were 
made per advancement.  The jumbo had blast plates attached to the front side to 
protect the equipment during blasting.  Work proceeded slowly when only a few 
square feet of the face could be opened at a time in poor rock conditions. 
 
Excavation in the wall plate drifts continued while excavating the main top 
heading with the breastboard jumbo.  The moving entrances of the drifts were 
protected with overhead metal shields attached to the jumbo.  Since the steel 
wall plates came in 24-ft (7.3 m) lengths, it was necessary to keep the drifts a 
minimum of 25 feet (7.6 m) ahead of the main heading face.  
 
The top heading drive from the east portal used a shield that conformed to the 
excavation limits.  The shield was 22 feet (6.7 m) high, 19.5 feet (5.9 m) long at 
the bottom and 24.5 feet (7.5m) long at the top.  The rig had two decks permitting 
the miners to work from three levels, including the ground.  The rig rolled on steel 
wheels riding the wall plates.  It was moved forwards with 18 hydraulic jacks 
capable of a combined push of over 3 million pounds.  The rig carried 6 
breastboard rams for face stabilization.  Excavation with the shield proceeded by 
drilling and shooting using jack leg drills.  With the shield operation it was 
possible to erect the two piece tunnel supports under the skirt while drilling at the 
face. 
 
Steel ribs used on the 3rd bore arch were 14 WF #103, which have a depth of 
14.25 inches (36 cm).  The yield strength of steel used was 32 ksi (221 MPa).  
Lagging used on the 3rd bore construction is described as 2”x12” or 3”x12” 
timber.  
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Benching 
 
Benching began with a 16-ft (4.9 m) wide lift between the wall plate berms that 
lowered the invert to an elevation about 8 feet (2.4 m) below the wall plate (stage 
4 in Figure 13).  Slots were excavated in the berm supporting the wall plate so 
drill rigs could drill 2-ft (0.6 m) diameter holes to bottom of footing grade in which 
concrete pilasters were subsequently constructed.  The berm slots were spaced 
so that undisturbed ground between the slots supported the wall plates.  After the 
first set of pilasters were constructed, the remaining berm between the pilasters 
was excavated to a depth of 8 feet (2.4 m) below the wall plates, and additional 
pilaster holes were drilled.  Pilasters were spaced at 6 feet (1.8 m) beneath each 
wall plate. No specific information on the pilaster strength has been found. After 
the pilasters were in place, the elevation of the core was lowered to a depth 
about 2 feet (0.6 m) above the top of footing grade, and widened to full tunnel 
width.  This work was done periodically as other phases of the excavation were 
advanced.  Figure 16 shows the excavated full tunnel section with rib support on 
the crown and pilasters supporting the wall plate. 
 
The tunnel footings were dug to grade using small cat backhoes, drilling and 
shooting, and hand excavation when required.  Footing toes were placed against 
undisturbed material. 
 
b. Ground Behavior 
 
The following information on ground behavior during construction of the 3rd bore 
was obtained from the 3rd bore Daily Reports and Weekly Newsletters.  Much of 
this information is shown graphically in Figure 10. 
 
Sobrante Formation 
 
The Sobrante Formation was characterized by variable ground conditions which 
required steel sets to be spaced on 2-ft (0.6 m) centers in the crown heading 
through much of this formation (Figure 10).  The portal sandstone was described 
as “bad ground” and a cave-in along one of the wall plate drifts slowed progress.  
The tunnel encountered “wet, broken ground” and “badly fractured, wet and 
unstable” materials which slowed progress considerably.  A miner was injured by 
a falling rock.  Other qualitative descriptions include “loose broken shale and 
mudstone” and “unreliable, blocky sandstone.”  Certain areas within the second 
sandstone had excellent drill and shoot conditions and did not require any timber 
support in the wall plate drifts. 
 
Claremont Formation 
 
The Claremont Formation was characterized by sandstone dikes, slipouts, and 
heavy ground conditions (Figure 10).  Sandstone dikes were encountered in the 
wall plate drifts from Stations 218+91 to 222+08.  In the crown heading, 
sandstone dikes were encountered from Stations 217+31 to 218+65 requiring 
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steel sets spaced 2-ft (0.6 m) on center.  Excavation from Stations 218+26 to 
219+10 was characterized by heavy ground conditions and frequent slip-outs.  
The ground in this area was described as “dry, shattered shale.”  Minor slipouts 
also occurred at the east portal right drift at Station 220+54, where the ground 
was described as “wet and soft.” A 3-ft (0.9 m) overbreak occurred at Station 
223+60 on the left side of the crown heading, approximately 18-ft (5.5m) long 
and 8-ft (2.4 m) wide.  The heavy ground conditions in this area required 
breastboarding and steel sets spaced at 2-ft on center. 
 
A void approximately 10-ft (3 m) high, 35-ft (10.7 m) long, and 15-ft (4.6 m) wide 
centered at the crown formed above the shield from Station 127+65 to 128+00.  
The contractor recommended that additional grout holes be placed for this arch 
section. 
 
Orinda Formation 
 
The wall plate drifts were driven “rapidly” through the Orinda formation from the 
east portal to Station 231+36, where the drift encountered material described as 
“knee deep mud.”  During top heading excavation, a large cracked developed on 
Fish Ranch Road at Station 240+13 directly above the crown of the tunnel 
(Figure 10).  This crack later opened becoming 1-ft (0.3 m) wide to a depth of 3 
feet (0.9 m).  Remedial work was done to stabilize the roadway by backfilling the 
hole with tunnel muck to prevent a slipout.  A 5.5-inch (14 cm) depression later 
developed which was later paved with asphaltic concrete. 
 
A large segment of conglomerate slipped out from tunnel face, trapping and 
killing one worker at Station 236+16 (see Figure 10).  The conglomerate sheared 
off a mud seam that was wet from water intrusion.  As a result of the death, the 
Industrial Safety Commission required installing breastboard jacks and an 
outrigger work platform built on the forward side of the shield. 


 
There was a wall plate failure approximately 300-ft (90 m) from the east portal 
(Figure 10).  Failure was attributed to improper blocking, which caused the 
ground behind the ribs to slough against the wall plate.  Failure resulted in 
approximately 3.5-ft settlement and 2-ft inward movement of wall plate.  The 
engineer’s daily report states “it appears that lack of proper blocking to ground 
and ribs caused the ground to occupy the void behind the ribs in the wall plate 
drift areas.  This heavy ground plus lack of adequate wall plate support between 
drill hole slots caused the failure.” 
 
c. Final Lining 
 
The final lining operation consisted of wall forms, supported on a hauling frame, 
that was advanced on tracks.  An air-propellant placement system was used for 
placing the concrete.  Conveyor belts transferred the concrete to hoppers which 
fed the pressure vessels attached to the wall forms.  Compressed air then forced 
concrete through pipes to their points of delivery.  The 3rd bore Completion 
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Report mentions the fact that the shield eliminated interference between tunnel 
excavation work and tunnel lining operations.  It is also mentioned that concrete 
lining operations did not begin until benching was finished.  This shows final 
lining operations were concurrent with excavation.  Specifics of lags between 
these operations are not known. 
 
Figure 17 show a traveling form frame that appears to have been used to place 
the final lining.  Figure 18 shows tie-in rebar in the final lining for construction of 
the plenum floor, and Figure 19 shows the 3rd bore plenum floor after 
construction. 
 
The final lining consisted of a reinforced concrete arch.  The arch thickness was 
3 feet (0.9 m), and the leg thickness varied from 3 feet (0.9 m) at the tunnel 
springline to 6 feet (1.8 m) at the footing elevation.  The initial support steel ribs 
and pilasters are incorporated into the final lining.  Additional reinforcement used 
in the final lining consists of #8 bars on 9-in (23 cm) centers in the transverse 
direction and #6 bars on 24-in (61 cm) centers in the longitudinal direction.  Test 
results from the 3rd bore construction show the final lining concrete had a lower 
bound strength of approximately 3200 psi (22.1 MPa).  Structural details of the 
3rd bore final lining are shown in Sheet 3 of the As-Built Drawings reproduced in 
Figure 20. 
 
d. Meeting with Dennis McCarry, 2004 
 
Dennis McCarry worked as the contractor’s engineer on the construction of the 
3rd bore. This meeting was held to learn about key aspects of the 3rd bore 
construction. The meeting confirmed several issues described above, and also 
produced additional information which is provided below. The full meeting 
minutes, which also contain information on ground conditions, are in Appendix B. 
 
Construction of 3rd Bore  
 


• Tunnel advanced approximately 9-ft per day on the West end and 
 approximately 20-ft per day on the East end.   
   


• Breastboarding used during construction from the West portal was more of 
 a precaution due to the problems encountered during construction of the 
 Broadway Tunnel. 
 


• Initial support consisted of steel ribs spaced 3’ on center, with 60-70% 
 lagging between sets and full lagging in the faulted zone.  The steel ribs 
 did not experience any loading judging from observed absence of cracking 
 in the lagging, except in one section of the tunnel directly across from the 
 location of the cave-in of the 1st and 2nd bores.   
 


• Cross adits between the 2nd and 3rd bores were spaced 800-ft apart (3 
 total), and no problems were encountered during their construction.  
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 Support consisted of steel ribs fully lagged, and the timber in the existing 
 2nd bore tunnel was noted as being in excellent condition. 
 
Ground conditions encountered 
 


• Mr. McCarry recalled the Portal Sandstone to be stronger than 
 described by Page (1950).  Mr. McCarry believes that a roadheader might 
 be able to excavate the material.   
 


• The Orinda formation was described as “blocky” and required face bolting 
 in certain areas.  A large block fallout caused one fatality during 
 construction.   
 


• The Orinda Mudstone deteriorates rapidly in water.  The standup time of 
 the Mudstone is low, but was difficult to gage because a shield was being 
 used.  Mr. McCarry stated that crownbars were rarely used and could not 
 recall needing any spiling.  He said the mudstone needed a good seal 
 coat.   
 


• No raveling was encountered in the Claremont chert. 
 


• Very little overbreak was encountered during the construction from the 
 East end.  However, a 15-ft void was created above the shield at the 
 meeting of the shield and West bore.  The shield was left in place. 
 


• The crown was contact grouted using approximately 5-10 sacks/ft. 
 


• Gas was an issue within the Claremont formation, and readings were 
 taken during construction of the 3rd bore.  
 


• Lateral loads were not an issue except at the fault zone, where the North 
 side was more critical.  Mr. McCarry recalled they did not see any lateral 
 inward movement of walls in the fault area.  The 4th bore requires careful 
 treatment through the fault zone. 
 


• There were no stability issues in the West portal cut slopes. 
 


• In one area where the wall plate was underpinned out of sequence, a steel 
 rib dropped approximately 3.5 feet (1 m) from the roof of the  tunnel. 


 
e. Summary 
 
The 3rd Bore was built using a top heading and bench excavation sequence. Wall 
plate and crown drifts were used to construct the steel rib supported top heading, 
and concrete pilaster leg supports were placed prior to bench excavation. The 
wall plate and crown drifts were timber supported, and driven prior to top heading 
excavation to develop the tunnel structure in the portal areas, as well as to install 
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wall plates to support the top heading steel ribs. The west end top heading drive 
was constructed using a breastboard jumbo, and the top heading drive from the 
east portal used a shield. A traveling form frame appears to have been used to 
place the final concrete arch lining. 
 
Unlike the systematic observations of ground behavior made by Page (1950) on 
the first two bores, only scattered observations (Figure 10) of ground behavior 
from Construction Records and the Completion Report (1963) are available for 
the 3rd Bore. The observations of ground behavior made on the 3rd Bore are 
generally consistent with those made on Bores 1 and 2, and a notable difference 
is the lower intensity of diabase dike swarms on the 3rd Bore in comparison to the 
earlier bores.  
 
The Sobrante formation was characterized by variable ground conditions ranging 
from certain areas in the Second Sandstone with excellent drill and shoot 
conditions to other areas described as “bad ground, wet broken ground, badly 
fractured wet and unstable material, loose broken shale and mudstone, and 
unreliable, blocky sandstone” (Figure 10). The Claremont Formation is 
characterized by sandstone dikes, slipouts, and heavy ground conditions.  Heavy 
breastboarding was required on one reach of the Claremont, and a large void 
formed on the crown above the shield at another location. A conglomerate block 
failure, wall plate failure and deterioration prone mudstone occurred in the Orinda 
formation reach. High lateral loads were experienced through the fault zone, and 
gas concentrations were monitored through the Claremont Formation. 
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5. Performance of Other Tunnels in the Area 
 


a. Claremont Tunnel 
 
Initial support used on the Claremont Tunnel through the Claremont and Orinda 
Formations is shown in Figure 4 (Jacobs Associates, 2002) to consist of timber 
sets, ranging in size from 8”x8” to 12”x12”, on 6-ft (1.8 m) centers, although the 
spacing reduces to about 4-ft (1.2 m) centers at the Wildcat fault location.  Final 
concrete lining thickness over timber support is about 4 inches (10 cm) in the 
Claremont and Orinda Formations (see Figure 4).  Reinforcement is only shown 
at two locations throughout the Claremont and Orinda Formations.  The 
Claremont Tunnel has a finished 9-ft (2.7 m) diameter and is horseshoe shaped.   
 
Tunnel construction progress rates and ground conditions encountered during 
construction are also shown in Figure 4.  Bad ground was encountered at the 
contact with Wildcat fault and progress improved from 200 to 600 feet (61 to 183 
m) per month going east from Wildcat Fault within the Claremont Formation.  The 
average progress rate was about 700 feet (213 m) per month in the Orinda 
Formation but there are notes indicating locations of exceedingly bad swelling 
ground as well as oil seepage and gas occurrences. 
 
The Orinda Formation represented fair to poor rock conditions for the Claremont 
Tunnel, including swelling clays prone to slaking and squeezing, and easily 
eroded sands and clays.  Petroleum from the Claremont Formation had 
accumulated in the basal part of the Orinda Formation.  The Claremont Tunnel 
experienced a local collapse following its accidental flooding from San Pablo 
Creek.  Not only did the tunnel walls fail in contact with the water, but locally the 
failure extended 30 to 50 feet (9 to 15 m) above the tunnel crown.  It is not known 
how these voids were addressed during the completion of the tunnel (Geologic 
Interpretive Report, Geomatrix, 2002). 
 
b. BART Berkeley Hills Tunnels 
 
The BART tunnels were excavated with a horseshoe section of about 21-ft (6.4 
m) excavated width.  Conventional full face excavation methods were used, 
typically with a 4-ft (1.2 m) round length.  Steel sets, 8-inch (20-cm) wide flange, 
were used for temporary support.  The contract specified steel set spacing at 4 
feet (1.2 m).  Invert struts were used when required (Brown et. al. 1981).  The 
BART Geological Report (1968) also mentions the use of crown bars and 
breastboards in addition to the steel ribs and invert struts in the Portal 
Sandstone.  The approximately horseshoe shaped final lining of the BART 
tunnels consisted of 18-in (46 cm) thick reinforced concrete (Brown. I.R. et. al. 
1981).  Typical tunnel reinforcement consisted of transverse and longitudinal No. 
9 bars on 12-inch (30 cm) centers placed on the intrados. 
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c. Summary 
 


Initial support used on the Claremont Tunnel is comparable to the similarly sized 
lower level drifts of Caldecott Bores 1 and 2, and the wall plate drift of the 3rd 
Bore.  The BART tunnel initial support is not directly comparable to the Caldecott 
Tunnels as the BART tunnel excavated width is larger than the width of the 
Caldecott drifts, and the BART tunnel used steel support in contrast to the timber 
support used on the Caldecott Tunnels.  The Caldecott Tunnels have significantly 
larger finished diameters and final lining thicknesses compared to the Claremont 
and BART tunnels. 
 
Ground conditions similar to the Caldecott Tunnels were observed in the 
Claremont Tunnel. Additionally, there are observations of swelling ground, and 
observations of oil and gas occurrence in the Orinda Formation in the Claremont 
Tunnel. The BART 21-ft excavated width horseshoe section was driven full face 
and invert struts, breastboarding, and crown bars were used as needed, similar 
to the Caldecott Bores. 
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6. Groundwater Inflow 
  


a. Groundwater Regime 
 
Groundwater conditions in the East Bay Hills are known to fluctuate substantially 
from the dry season to the wet season, especially in the Orinda Formation.  
During the extremely wet season in 1997, groundwater was observed near the 
ground surface in some places in the east Bay Hills (Earth Mechanics, 2003).  
 
Currently, the three existing Caldecott bores and the two lower-elevation BART 
tunnels are fitted with lining subdrain systems that continuously produce water 
and therefore serve to drain the formations and reduce static heads in the vicinity 
of the proposed 4th bore (Earth Mechanics, 2003).  The 9-ft (2.7 m) diameter, 3.5 
mile (5.6 km) long Claremont Tunnel, which lies to the north of the BART tunnels, 
produces about 460,000 gallons per day (Caulfield, J., 2005).  
 
b. Inflows Observed During Construction 
 
The BART construction logs show water inflows during tunnel driving ranging 
from negligible to about 5 gpm (Earth Mechanics, 2003).  Earth Mechanics 
(2003) also report some packer test results from the BART borings in the Orinda 
formation, which show hydraulic conductivity values ranging from 14.19 L/min at 
520 kPa water pressure to 17.03 L/min at 1100 kPa water pressure.  These tests 
were taken at depths ranging from 405 to 495 feet (123.5 to 150.9 meters).  The 
Claremont Tunnel does not appear to have experienced any notable inflow 
during construction in the Claremont and Orinda formations based on the 
information shown in Figure 4.  
 
Page (1950) made some observations of inflow during construction of the first 
two Caldecott Tunnel bores. He states that “during tunneling all the rocks, except 
parts of the Orinda formation, were damp and some locally yielded a flow of 1 to 
150 gpm.  This production dwindled as the hill above the tunnels were gradually 
drained, but during the wet season the flow was renewed promptly after rainfall.”  
The inflow, noted by Page (1950) are instantaneous values that could be 
encountered at the tunnel heading or behind it after a rainfall event.  Radbruch 
(1963) noted the occurrence of “wet and sheared shale” and “very wet fault 
gouge” during the construction of the 3rd bore.  
 
McCarry (2004) recollected that groundwater inflows were not a major problem 
on the 3rd bore.  During construction groundwater was observed along the wall 
plate drifts from the East end but dried up in the mudstone.  Maximum inflows 
were approximately 30 gpm in 3rd bore. 
 
Observations of groundwater inflow noted in the daily construction logs are listed 
below for Caldecott Tunnels. 
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Sobrante Formation  
  
 Both wall plate drifts from the west portal encountered water seepage at Station 


212+64 (Figure 10) in the Caldecott 3rd bore around the contact of portal 
sandstone and first shale.  The groundwater water was described as water that is 
“raining hard overhead”. 


 
Claremont Formation 
 


 An inflow of approximately 250 gpm was encountered near Station 119+09 in the 
lower right drift of the Caldecott 1st bore, approximately 850 feet (260 m) from the 
west portal.  This flow of water fell to 25 gpm after five days.  In general, the 
flows in this area did not exceed 50 gpm and fell to nothing after about 48 hours.  
At Station 123+65, approximately 1300 feet (400 m) from the west portal, about 
30 cubic yards (23 cubic meters) of running ground entered the lower right drift 
with a flow of about 80 gpm.  The right drift in the Caldecott 3rd bore experienced 
sustained groundwater inflows ranging from 25 to 50 gpm from Stations 218+91 
to 224+93, approximately 1150 to 1750 feet (348 to 534 m) from the west portal. 


 
c. Inflows Observed After Construction 
 
The existing three Caldecott Tunnels produce a combined sustained inflow of 
about 35 gpm during the dry season, and the inflow increases substantially after 
a rainstorm (Mailhot, R. 10/20/04). An indication of instantaneous inflow is 
provided by an observed inflow of 80 gpm from four core holes drilled into the 
wall of the 1st bore to relieve seepage through the lining (Mailhot, R. 12/9/04). 
 
d. Summary 
 
Instantaneous inflows between 1 to 150 gpm are mentioned by Page (1950) on 
the first two bores, and the maximum value is noted as 250 gpm in the 
construction records. McCarry (2004) recollected that groundwater inflows were 
not a major problem on the 3rd Bore - maximum inflows were approximately 30 
gpm. The existing three Caldecott Tunnels produce a combined sustained inflow 
of about 35 gpm during the dry season.  
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7. Portal Structures 
 


The 1st and 2nd bores include a single portal building at each end of the tunnels.  
These buildings are reinforced concrete structures which house the ventilation 
systems for the 1st and 2nd bores. 
 
The 3rd bore includes a portal building at each end located directly above the 
tunnel entrances.  The west portal building, which houses the fan and control 
rooms, is a reinforced concrete structure supported by concrete piles (Report of 
Completion for the Construction of Third Bore, 1965).  The smaller east portal 
building is supported on spread footings.  The portal buildings have a combined 
length along the tunnel of approximately 71 feet (21.6 m).  Reinforced concrete 
box girder bridges, which extend from the portal buildings at both ends, are 
approximately 37 feet (11.3 m) long and provide a roadway width of 
approximately 14 feet (4.3 m).  Both portal buildings are flanked by a number of 
reinforced concrete retaining walls, which range in height from 4 to 30 feet (1.2 to 
9 m).  The As-Built longitudinal sections of the 3rd bore portal structures are 
shown in Figure 21.    
 
Excavation and backfilling operations for the 3rd bore portal buildings are shown 
schematically in Figure 22.  The operation consisted of three stages.  First, the 
hillside was excavated down to the invert of the top heading of the tunnel.  The 
slope of the excavation was 1.5:1.  Second, some time after the top heading was 
completed in the portal area, the footprint of the portal building was excavated.  
Finally, after the portal structure was built, backfill was placed around the sides of 
the portal building, and tunnel on the west end, to the finished grade line. 
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8. Portal Slope Stability 
 


The initial portal cut at the west end of the 1st bore was approximately 100-ft (30 
m) wide at the base and 80-ft (24 m) high and sloped at about 1 to 1 (Figure 23).  
The ground at the west portal consisted of “solid rock” from the base of the cut up 
about 10 to 12 feet (3 to 3.6 m), followed by “loose overburden comprised of 
earth, loose rock and isolated fragments.”  The foot of the portal cut was located 
at Station 111+62 where the bottom drifts were started.  When the upper drifts 
were opened, a 2500 cubic yard (1900 cubic meter) landslide occurred and 
covered all of the drifts for both tunnels.  To relieve the overburden pressure, a 
“drag line outfit” was implemented to remove much of the overlying soils (Ray, 
1937).   
 
Landslides frequently occurred on the slopes above the West portal cuts during 
construction of the 1st and 2nd bores, at times measuring several thousand cubic 
yards.  The portal slopes were excavated at very steep inclinations (1:1) that 
eventually flattened out as progressive failures occurred.  Large quantities of 
water were present during the West portal area excavation, especially down the 
west facing slope of the portal cut (Hartwell, 1934).  The slope above the east 
portal failed two months after construction due to the de-vegetation of this slope 
for timber used in construction (Mailhot,R., 12/9/04). 
 
There were no slope stability issues during construction of the portal structures, 
which was confirmed during the meeting with Dennis McCarry (2004).  However, 
the daily inspection reports (5/29/1963) note that during excavation for the north 
footing for the West portal building the contractor used soldier beams to support 
the 20-ft (6.1 m) high bank because it was considered unstable. 
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9. Tunnel Drainage 
 


The description of the drainage systems is based on interviews with Ray Mailhot 
(10/20/04 and 1/12/05) and on As-Built Drawings. 
 
a. 1st and 2nd Bores 
 
The original drainage in the 1st and 2nd bores consisted of a corrugated steel pipe 
varying from 8 to 12 inches (20 to 30 cm) in diameter that ran longitudinally down 
the centerline of the tunnel beneath the roadway.  This centerline pipe was fed by 
lateral pipes connected to grated inlets that drained the roadway.  The centerline 
pipe conveyed runoff to a main pipe outside of the tunnel.  This main pipe is fitted 
with a valve that is used to divert flows to a sewer when the tunnels are cleaned.   
 
The centerline steel pipe was upgraded in 1964-1965.  The replacement pipes 
consisted of a 12-in (30 cm) diameter RCP pipe, a 950-ft (290 m) long section of 
which was later replaced at the east end with a corrugated plastic pipe.  Weep 
holes, with a 1-in (2.5 cm) diameter, were installed to drain the outside of the 
tunnel, but quickly plugged due to mineralization.  Core holes were later drilled 
into the tunnel walls at a few locations along the alignment to relieve seepage 
through the lining.  Two of these core holes are located halfway through the 1st 
bore on both sides.      
 
b. 3rd Bore 
 
The drainage system of the 3rd bore consists of 8-in (20 cm) perforated metal 
pipes that run longitudinally along the entire length of the tunnel.  These drains 
are located outside the tunnel final lining at the same grade as the footings 
supporting the sidewalls.  The longitudinal drains connect into lateral 8-in (20 cm) 
galvanized steel pipes that are spaced 20 feet (6.1 m) apart alternately on either 
side of the tunnel.  The lateral pipes drain into an 18-in (46 cm) reinforced 
concrete pipe which runs longitudinally down the center of the tunnel below the 
subgrade.  Roadway drainage consists of grated inlets at 600-ft (183 m) spacing 
connected to a 6-in (15 cm) galvanized steel pipe which drains into the main 18-
in (20 cm) pipe.  The final lining is drained by 2-in (5 cm) diameter drain pipes on 
100-ft (30 m) centers that extend from the haunch to the invert.  The third bore 
drainage system has experienced few drainage problems compared to the first 
two bores based on a camera inspection.  
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10. Tunnel Performance and Major Maintenance Upgrades 
 
 This section describes performance related problems and any major 
 maintenance upgrades in the Caldecott Tunnels.  Most of this information was 
 obtained from interviews with Ray Mailhot (10/20/04, 12/9/04, 1/12/05, 1/13/05). 
 


a. Pavement Heave in the 3rd Bore 
 


Undulations in the pavement have developed several times since completion of 
the 3rd bore at the midpoint of the tunnel between the portals.  The undulations 
have been attributed to both uplift water pressure resulting from a damaged fire 
line and to lateral stresses.  The last time this occurred was in the year 2000 
when the slab was replaced.  Conclusions on the cause of the undulations have 
not been made at this time, and evaluations of the problem are being made as 
described below (Mailhot, R., 10/20/04).  
 
A monitoring program was started by Caltrans in March 2001 that measured 
heave below the invert of the 3rd bore using borehole extensometers, an 
instrumented slab, and convergence points.  The extensometers were placed 
3115 feet (950 m) and 1200 feet (366 m) from the east portal.  The monitoring 
slab was placed 1200 feet (366 m) from the east portal.  The convergence points 
are located at 9 areas of known prior heave throughout the tunnel.  Monitoring 
results show very slight uplift on the two extensometers, a slight increase in the 
instrumented slab loading and no signs of tunnel section convergence.  The 
maximum uplift recorded was 0.07 inches (0.177 mm). 
 
b. Mineralization of Drainage Pipes 
 
The exterior drainage systems of all three bores have experienced frequent 
buildup of mineral deposits that have resulted in drains becoming plugged.  
Recovery of mineral deposits has been common, and in one instance a mineral 
deposit approximately 1 cubic foot (0.03 cubic meters) in size had formed in less 
than a year.  Samples of the mineral deposit show three types of materials: (1) 
gray, brittle, hard, finely stratified pipe coating, (2) fine sand weakly cemented 
with calcite (this material had inclusions of plastic, wood, and cleaning wire 
debris), and (3) moderately weak calcite that shows stratification.  All three types 
of materials show strong reaction to weak hydrochloric acid.   
 
c. 1982 Fire in Caldecott 3rd Bore 


 
 Publication number FHWARD-83-032 of the Federal Highway Administration 


(FHWA), US Department of Transportation, reports the details of a major fire in 
the Caldecott Tunnel.  This fire occurred on April 7, 1982 in the westbound bore 
just past midnight in light traffic.  The fire was a result of a chain of events that 
started with a single car accident and led to a collision between an empty bus 
and a full gasoline truck/trailer combination.  This collision resulted in rupture in 
the trailer tank and spilled gasoline, which ignited.  The tunnel crew noticed the 
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vibration and noise from the tunnel, saw the bus exit from the west portal and 
come to rest against a bridge pier about 40 seconds after the accident (+40 
seconds).  Investigators were dispatched and reached the bus in less than two 
minutes.  The console operator received calls from the tunnel reporting “a bunch 
of accidents” just before the connection was lost (+1 minute 10 seconds).  The 
console operator contacted the Oakland Fire Department within 7 minutes of the 
collision.  The first pieces of fire equipment reached the west portal in less than 4 
minutes after the alarm, and reached the east portal within 7 minutes after the 
alarm.  The report indicates exhaust fans, which may have activated 
automatically during the early stages of the fire in response to high levels of CO 
sensed in the tunnel, soon automatically shutdown without having affected 
events or conditions in the tunnel.  The tunnel filled with smoke in excess of 
300oF within 3 minutes of the collision eastward from the burning gasoline truck 
to the portal.  The natural draft blows all combustion products eastward through 
the tunnel.  Due to concerns for maintaining the natural draft the tunnel 
ventilation fans were left off.  Fire extinguishing efforts started about 75 minutes 
after the initial collision and the fire was controlled 1 hour and 25 minutes later.  
There were seven fatalities and two persons were hospitalized for smoke 
inhalation.  Of the seven fatalities, one was within 50 feet and two were within 
150 feet of unmarked cross-passages to the next bore.  The tunnel suffered 
extensive superficial damage to walls, ceilings, and roadway.  Most tunnel 
support system were destroyed or severely damaged, including lighting, 
emergency phones, signs, alarms, wiring, and firefighting water supply.  Repair 
costs were estimated in excess of three million dollars.  
 
According to R. Mailhot (2005), no structural damage to the 3rd bore concrete 
lining resulted from the 1982 fire.  However, a significant amount of tile fell from 
the roof and walls and noticeable amounts of spalling occurred in the concrete 
lining.  The 3rd bore was closed to traffic for three days following the fire.  Repairs 
were done at night and took over 1 year to complete. 
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11. Fire/Left Safety 
 
 The fire/life safety (FLS) features of the tunnel include Closed Circuit TV (CCTV), 


emergency call boxes, a standpipe system, and portable fire extinguishers.  Four 
Carbon Dioxide/Nitrogen Oxide (CO/NO) analyzers monitor the air quality inside 
each bore.  The CO/NO concentration levels are used to activate various 
combinations of ventilation fans.  The tunnel has an independent full-transverse 
ventilation system in each bore.  A Supervisory Control and Data Acquisition 
(SCADA) system controls the operation of the FLS and ventilation system.  
Emergency egress can be facilitated via the raised walkway in each bore during 
traffic stoppage.  Bores 1 and 2 are connected by cross passages at three 
locations along the tunnel length.  The emergency response procedures are 
maintained in the form of hard copy document binders in the Control Room (CR).  
In the event of a primary power failure, Uninterrupted Power Supply (UPS) 
modules and one emergency backup generator provide power for the tunnel 
lighting and limited ventilation fan operation.   


 
 The FLS systems are monitored from a central Control Room (CR), which is 


located in the field office near the west portal of the Caldecott Tunnel.  This CR 
monitors and responds to traffic conditions for the Caldecott Tunnel as well as 
the Posey and Webster Tubes.  The CR is on a continuous (24 hour, 7 days a 
week) work schedule and is staffed by Caltrans (CT) personnel. 


 
 The CCTV system is used to monitor traffic flow, volume, and condition.  This 


system has multiple cameras that are located at various locations such as the 
portals and at mid-tunnel positions.  In the event of a vehicle incident (stall, 
accident, fire) inside the tunnel or within the vicinity of the portals the CCTV is 
used to detect and locate its position.  Once the incident is detected the CR 
personnel contact and/or dispatch the appropriate emergency response 
organization and/or personnel.  This process is currently performed manually 
using telephone and/or radio contacts. 


 
 There are 13 emergency call boxes within Bores 1 and 2 plus 14 call boxes in 


Bore 3.  These telephone call boxes are spaced equally at approximately 300 
feet (91 m).  The emergency call boxes are clearly marked by lighted signs.  In 
the CR each call box is uniquely identified by visual means both on a lighted key 
map as well as on the screen of the CR computer monitor.  Therefore, once a 
motorist uses an emergency call box, his/her location inside the tunnel can be 
accurately identified.  One portable fire extinguisher is provided at each 
emergency box. 


 
 The standpipe system provides fire-fighting water within each bore.  The 


standpipe valves are located near the emergency call boxes.  The water supply 
for the standpipe system is in a loop in order to provide higher reliability in the 
event of failure or blockage at any standpipe location.  In addition to the 
standpipe water supply, fire department connections are provided for use with 
pump trucks. 
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 The CO/NO analyzer probes are mounted at four equally spaced locations within 


each bore.  These analyzers monitor and report the instantaneous CO and NO 
concentration levels through the CR computer system.  The CO concentration 
thresholds are set to 5, 45, 85, and 100 parts per million (ppm).  Each CO 
threshold category results in a specific ventilation fan operation setting.  For 
example, a CO concentration level of 5 ppm is associated with a low speed 
setting for exhaust fan 1 and fresh air fan 1.  A CO concentration of 100 ppm 
activates both exhaust and fresh air fans at a high speed setting. 
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12. Ventilation System 
 
 The ventilation system is made up of independent full transverse systems for 


each bore.  Each bore has a separate fresh air and exhaust air ducts that run 
along the top of each bore.  In Bores 1 and 2 the two ducts are stacked vertically 
with the fresh air (supply) duct on top and the exhaust duct on the bottom.  Each 
duct in Bores 1 and 2 is divided into two sections that are separated by a 
transverse wall at mid-tunnel.  Two fans at either the east or the west portal fan 
plants serve one half of each bore.  In Bores 1 and 2 the fresh air ports are 
located on the side walls while the exhaust ports are in the ceiling.  On the other 
hand, Bore 3 has two continuous ducts (one fresh air and one exhaust) that run 
the entire length of this bore.  These two continuous ducts are placed side by 
side along the bore ceiling, i.e. both the fresh air ports and the exhaust ports are 
placed in the ceiling. 


 
 Bores 1 and 2, which were constructed earlier (mid 1930’s) use two fan plants, 


one at each portal.  Each of these two fan plants contains 8 centrifugal (cage) 
fans; 4 exhaust fans and 4 fresh air blower fans.  Of the 4 fans in each set two 
operate on half of one bore (1 or 2) at each end.  Therefore, Bores 1 and 2 have 
4 exhaust fans and 4 blower fans each.  Each centrifugal fan is belt driven and 
rated at approximately 300,000 cubic feet per minute (CFM).  Each centrifugal 
fan is powered by one electric motor with dual 40-20 hp rating associated with 
the low speed and high speed settings, respectively.  Each fan is equipped with a 
motorized damper.  


 
 Bore 3 which was constructed later (mid 1960’s) uses more advanced axial fans.  


There are a total of 4 belt driven axial fans, two exhaust fans and two fresh air 
blower (supply) fans.  Each fan is powered by one large 100 hp electric motor 
coupled with a smaller 5 hp motor.  These fans are housed in the Bore 3 fan 
plant, which is located near the field offices and in the same building as the CR at 
the west portal of Bore 3. Each fan is equipped with a motorized damper.   
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13. Tunnel Finishes 
 


The final concrete lining of the 1st and 2nd bores was finished with epoxy paint, 
which was later refinished in 1964.  The concrete lining of the 3rd bore was 
sandblasted and finished with 220,000 square feet (20,400 square meters) of 
tiling extending from the sidewalk upwards and across the ceiling.  The ceramic 
tiles were 4.5 by 4.5 inches (11.4 by 11.4 cm).  Tiles on the sidewalls that were 
damaged during the 1982 fire were replaced and tiles above the haunch were 
removed altogether.  Enamel lined steel panels replaced the ceiling tiles. 
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14. Electrical System/Lighting 
 
 The As-Built electrical drawings indicate that power supply to the tunnel facility is 
 provided by one 12 kV overhead line connected to two substations with 480V 
 secondary power supply. 
 
 A site visit was made on January 14, 2004 to review the existing 12 kV overhead 


line and electrical power distribution system configuration.  The entire existing 
facility at the tunnel site consists of three tunnel bores, one office building, three 
tunnel fan rooms, two substation rooms, one control room and one generator 
room.  The electrical load from all these buildings is supplied by two indoor unit 
substations.  These two substations, one on each end of the tunnels are rated as 
follows: 


 
 West Substation (Oakland end)  
 1500/1725 kVA, OA/FA 
 12kV – 480V 
 Wye – Delta connected  
 
 East Substation (Orinda end) 
 1000 kVA, OA/FA 
 12kV – 480V 
 Wye – Delta connected  
 
 An emergency generator rated at 500kVA, 480V is located indoors directly below 


the West Substation, and supplies emergency power.  There are at least three 
UPS units, two on the west side and one the on the east side which can provide 
power to very critical loads such as from cameras and other monitoring 
equipment inside the control room. 


 
 Each tunnel lighting system consists of High Pressure Sodium (HPS) fixtures 


mounted on the tunnel walls.  These lights are powered by 480V ungrounded 
delta supply system with floating neutral and the light fixtures are connected 
between phases, AB, BC and CA.  These lights can be controlled automatically 
by the existing SCADA system or they can be controlled manually.  The SCADA 
control cabinet is located in a room adjacent to the tunnel control/monitoring 
room.  The programmable logic controller (PLC) cabinets associated with the 
SCADA system, and their network schematic diagram, are shown on existing 
diagram Sheet EE-2 dated 8/16/93 in the As-Built drawings.  Existing diagrams 
Sheet EE-3 and Sheet EE-4 dated 8/16/93 show one line diagrams and HP 
ratings of all the ventilation fans associated with tunnel Bore 3 and Bore 1 & Bore 
2 respectively. 
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15. Tunnel Control Equipment 
 
 The Control Room for the Caldecott Tunnels serves as the hub for power and 


communications systems, traffic monitoring and emergency response for all three 
existing bores as well as for the Posey-Webster tubes in Alameda.  It is located 
above the third bore on the west side of the Caldecott tunnel. 


 
 The existing facility houses equipment for: 


 
• CCTV Monitoring of the Caldecott Tunnel and Posey-Webster tubes 
• Monitoring and controlling tunnel and tube lighting 
• Responding to motorist emergency call boxes 
• Controlling changeable message signs (these are usually operated by remote 


control in the field) 
• Controlling pop-ups for traffic control (these are usually operated by remote 


control in the field) 
• Monitoring carbon monoxide 
• Radio communication 
• Remote control of storm drain pumps at the tunnels and tubes 
• Monitoring power and standby generator 
• Monitoring and controlling ventilation fans 


 
 Functions include the following: 
 
 Tunnel ventilation 
 Blower and exhauster control – off / low / high 
 Bore 1 – two blowers and two exhausters each end 
 Bore 2 – two blowers and two exhausters each end 
 Bore 3 - two blowers and two exhausters total 
 Posey - two blowers and two exhausters each end 
 Webster – two blowers and two exhausters each end 
 Monitor Nitrous Oxide (NO) and Carbon Monoxide (CO) levels with alarm 
  
 Closed circuit television 
 Total Cameras – 30 to 35 
 Pan / zoom / tilt 
 Bore 1 – approach, center, and exit 
 Bore 2 – approach, center, and exit 
 Bore 3 – approach, center, and exit 
 Additional approach cameras, both sides 
 Posey tube – approach, center, and exit plus five additional 
 Webster tube – two approach, center, and exit plus two additional 
  
 Emergency telephones 
 Location on computer based enunciator 
 Bore 1 – 13 locations 
 Bore 2 – 13 locations 
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 Bore 3 – 14 locations 
 West approach – 5 locations 
 East approach – 3 locations 
 Posey tube – 17 locations 
 Webster tube – 17 locations 
 
 Reversible lane equipment 
 Enunciator in control room 
 East approach – 65 pop-ups 
 West approach – 55 pop-ups 
 Positive barriers each end 
 Local control by handheld remote control transmitter, manual backup options 
 
 Changeable message signs 
 Three signs on each approach 
 Three messages – both tunnels open, two left lanes closed, two right lanes 


closed 
 Local control by handheld remote control transmitter, manual 
 Lighted “Caution” signs at approach end of each bore 
 
 Power control 
 12 kV power feed from west to west substation and through tunnel to east 


substation 
 Transformed to 480 V at east substation to service Bores 1 and 2 
 Transformed to 480 V at west substation to service Bore 3 
 SCADA control of 480 V breakers 
 
 Emergency power 
 500kVA diesel powered emergency generator 
 Supervisory control from control room 
  
 Lighting control 
 Automatic control by PLC 
 Operations direction for reversible Bore 2 manual changed from control room 
  
 Drainage control 
 Caldecott - 3-inch pump 
 Posey tube – 2 6-inch pumps at center 
 Webster tube – 2 6-inch pumps at center 
 Controlled from control room – on / off, no level monitoring 
  
 Radio communications 
 Commercial radio rebroadcast systems in each bore 
 Cell phone antennae at each end of tunnels 
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 Other 
 Access control to restricted areas 
 Unmonitored seismograph (previously monitored by UC) 
  
 The present Control Room is 300-square foot rectangular room with a 14’by 3’-6” 


console in the center.  Color CCTV monitors are mounted on the back wall above 
the console.  The Control Room is staffed on a 24-hour basis and it serves as the 
primary communications back-up for the District.  In its current configuration 
space  constraints limit the number chairs that can be placed around the console 
and the number of people that can serve at the control console at one time.  
Figure 24 shows a plan of the existing control and console room.  Figure 25 
shows the control room central console; Figure 26 shows an exterior view of the 
control room above the 3rd bore.   
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16. Tunnel Operations 
 
 The addition of the 3rd bore of the Caldecott Tunnels in 1964 provided two new 


westbound lanes for a total of 6 lanes of freeway.  A new “pop-up” lane control 
system allows traffic through the center tunnel to change direction.  This resulted 
in four lanes to accommodate peak-hour traffic westbound in the morning and 
eastbound in the evening (Caltrans, 1997). 


 
 Traffic control devices were installed at each end of the tunnel approaches so 


that the direction of the traffic in the center bore could be changed as needed.  
Designed by the State’s Bridge Department, this “pop-up” lane control was a 
brand new innovation in traffic engineering.  Lane delineation is provided by 
means of bright red soft-plastic pop-up tubes, which are two feet high when in 
use and flush with the pavement when retracted.  Lanes are closed by pop-up 
barriers, consisting of two 118-ft (36 m) long steel cables supporting florescent 
plastic strips and held in place by sixteen pop-up I-beam posts.  Changeable 
message signs inform motorists as to the lanes open to traffic.  The message 
signs and lane controls are controlled by a coordinated two person drive through 
team (Caltrans, 1997). 
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17. Seismic Performance 
 
 None of the existing bores have experienced seismically induced damage that 


required repair (Mailhot, R.,1/12/05). Records (USGS Northern California 
Earthquake Catalogue, http://quake.geo.berkeley.edu/maps) kept since 1969 
show 16 magnitude 5.0 and larger earthquakes have occurred in the Bay Area. 
The largest of these events was a magnitude 7.0 in 1989, and the second largest 
was a magnitude 6.2 in 1984.  The epicenter of both of these events was in the 
southern part of the Bay Area. Larger magnitude earthquakes have occurred 
before 1969, as the Preliminary Geotechnical Report (Earth Mechanics, 2003) 
documents, but these occurred before the Caldecott Tunnels were built. The 
major earthquakes that occurred in the Bay Area before the Caldecott Tunnels 
were built, happened in 1838 (Mw 7.4 on the San Andreas fault), in 1868 (Mw 7.0 
on the Hayward fault), and 1906 (Mw 7.8 San Francisco earthquake on the San 
Andreas fault). Figure 27 shows a recent seismicity map of the Bay Area and 
Figure 28 provides an approximate relation between earthquake magnitude and 
peak ground acceleration (PGA). Comparison of Figures 27 and 28 indicates the 
Caldecott Tunnel area has not experienced peak ground accelerations (PGA) of 
more than 0.1g since 1967. As the historical earthquakes mentioned above 
occurred before the construction of the first two bores, the Caldecott Tunnels are 
unlikely to have experienced a PGA of more than 0.1g between the time of the 
completion of the first two bores (mid-1930’s) and 1969.  


 
The closest known active fault to the 4th Bore alignment is the Hayward Fault. 
The zone of maximum primary displacement of the Hayward fault lies 
approximately ¾ of a mile to the southwest of the 4th bore west portal. Recent 
research on paleoearthquakes of the southern portion of the Hayward fault 
indicates that large earthquakes of moment magnitude 6.8 to 7.0 have occurred 
on that part of the fault four times within the last 500 years, with an average 
recurrence interval of approximately 130 years.  The last of the four earthquakes 
was the 1868 earthquake.  This is a shorter recurrence interval than previous 
studies have indicated (Earth Mechanics, 2003).  
 
Given the geologic structure of the Caldecott Tunnel area (i.e. steeply dipping 
and overturned bedding), there is some potential for flexural slip faulting to be 
triggered on formational contacts between the different geologic units that 
comprise the Berkeley Hills during a major earthquake on the Hayward fault.  
The flexural slip would be the result of a small component of crustal compression 
oriented perpendicular to the North American–Pacific plate boundary across the 
San Francisco Bay area (i.e, the San Andreas Fault System).  Although the 
amount of shortening that might occur along the Caldecott tunnel has not been 
quantified, it is speculated that it would be on the order of up to few inches.   
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TABLE 1: Correlation of Mapped Geologic Units Along Caldecott Tunnel 4th Bore Alignment 
 
 


Age1 Geologic 
Group 


Geologic 
Formation 
(this study) 


Graymer (2000) Graymer and others 
(1996) 


Radbruch (1969) Page (1950) 


 
Contra 
Costa 


 
 


 
Orinda 


Formation 


 
 


Orinda Fm. (Tor) 


 
 


Orinda Fm. (Tor) 


 
 


Orinda Fm. (Tor)2 


 
 


Orinda Fm. (Tor)2 


Unnamed glauconitic 
mudstone (Tsm); 


includes interbedded 
sandstone (Tsms) 


 
Unnamed brown 


sandstone (Tsms) 


Sobrante Sandstone 
(Tsm) 


 
 
 


Sobrante 
Formation  


Unnamed lithic 
sandstone (Kss)4 Unnamed Sandstone 


(Kss)4 


 
 


Sobrante (?) Fm. 
(Tso); sandstone 


and siltstone  


 
 


First Shale3 
Portal Sandstone 
Shaly Sandstone 
Preliminary Chert 


Second Sandstone 
 


 
 
 
 
 


Middle to 
Late 


Miocene 


 
 
 


Monterey 


 
Claremont 
Formation 


 
Claremont chert (Tcc) 


and interbedded 
sandstone (Tccs) 


 
Claremont Fm. chert 


and shale (Tcc) 


Claremont Shale 
(Tc) and 


sandstone 
member 


Claremont chert, 
porcelanite, and shale 


 
 
 
 
 
 


                                            
1 Reported ages based on US Geological Survey Miscellaneous Field Studies Map MF-2342 (Graymer, 2000). 
2 Radbruch (1969) and Page (1950) reported the age of the Orinda Formation as Lower Pliocene. 
3 Page (1950) reported the age of the “first shale”, “portal sandstone”, and “shaly sandstone” as Lower (?) Miocene. 
4 Graymer (2000) and Graymer and others (1996) maps show a sliver of Great Valley Sequence (Kss) fault-bounded with the Sobrante Formation.  
Page (1950) called this the “portal sandstone” and Radbruch (1969) mapped it as a sandstone bed within the Sobrante (?) Formation. 







TABLE 2: Summary of Shallow Boring Logs in the Vicinity of the 4th Bore (Geomatrix, 2005) 
 
 


Range of 
Depths (feet) 


Range of Blow Counts 
(blows/ft) 


Range of UCS strength 
(psi) Geologic Unit of Page 


(1950) 


Number of 
Samples 


Taken min max min max min max 
First Shale 58 0 51 8 216 6.1 82 
Portal Sandstone 6 2 14.5 32 50/4" 7.6* 
Shaly Sandstone 32 0 34 12 60/4" 6.4 74 
Second Sandstone 59 0 34 8 50/0" 10.4 20.8 
Claremont Chert 10 3 25 32 50/0.5" n/a 
Orinda 3 7 17.7 10 400/0.7" n/a 
*only 1 test performed       


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







TABLE 3: Summary of Existing Information on Ground Properties 
 
 


Formation Unit Rock Mass Description UCS (psi) Triaxial Other 
Page: thinly bedded, brittle, and highly fractured 


First Shale BART: closely sheared, blocky, mod soft to hard, slaky when 
wet 


Page: partially cemented, generally friable, erosion resistant, 
well fractured Portal 


Sandstone BART: friable to well cemented, blocky, moderately hard, 
scattered sheared interbeds of shale 


BART Boring Log: 
moderately hard and 


fractured siltstone 


Page: faulted, weak, friable, softened by water Shaly 
Sandstone BART: slabby, fractured  


Page: highly fractured Preliminary 
Chert BART: thinly bedded, hard, highly fractured, numerous 


diabase dikes 
Page: well consolidated, closely fractured, cut by unstable 


dikes 


Sobrante 


Second 
Sandstone BART: moderately hard, fractured, interbeds of shale, cut by 


diabase dikes 


4500 (one 
test in 


siltstone 
approximately 


200 feet 
deeper than 
the rock the 
4th bore will 
encounter) 


n/a 


Shallow Borings: 
Blowcounts vary by unit 


(Table 2) 


Page: hard, brittle, and transversely jointed Chert  
BART: hard, brittle, highly fractured 


Page: hard, not as brittle or jointed as the chert, slightly 
fissle Shale BART: sheared, soft to hard depending on degree of 


silicification 
Page: well cemented, fairly hard and brittle, except where 


crushed or weathered Sandstone 
Dikes BART: blocky, fractured, well cemented, ravelly 


Page: softened by hydrothermal alteration, moist, plastic 


Claremont 


Diabase 
Dikes BART: tended to parallel the bedding 


n/a n/a 
Shallow Borings: 


Blowcounts ranging from 
32 to 50/0.5" 


 







TABLE 3 (continued): Summary of Existing Information on Ground Properties 
 
 


Formation Unit Rock Mass Description UCS (psi) Triaxial Other 


Page: soft, massive, obscurely stratified, sandy 


BART Logs: hard, 
moderately to highly 


fractured, poorly to well 
cemented Siltstone, 


Mudstone BART: soft to moderately hard, slakes, decomposes in water 
 


Brown: massive, moderately strong, susceptible to slaking 


c = 230 
ksf, 


friction 
= 38 
deg 


3rd Bore Test Borings: 
blow counts greater than 


100 


Page: most samples easily crumbled between fingers 


BART Tests: 
seven UCS 


tests ranging 
from 3650 to 


6490 psi San Ramon: weak to very 
weak rock, weakly 


cemented, friable, low 
durability Sandstone 


BART: Moderately hard, moderately well cemented 
 


Brown: moderately strong and blocky 


n/a Briones Dam: Claystone is 
highly fractured, 


fragmented, sheared, 
crushed 


Page: sandy matrix, poorly cemented 
Back Analysis of 


Landslides: c = 54 psf, 
friction = 20 deg 


Orinda 


Conglomerate BART: friable to well cemented, massive, only scattered 
fractures 


 
Brown: contains gravel, friable to well cemented 


San Ramon 
Tests: 


Average UCS 
of 120 psi 


c = 57 
ksf, 


friction 
= 47 
deg 


Shallow borings: 
Blowcounts ranging from 


10 to 400/0.7" 


 







 
Figure 1: Existing Tunnels in the Proposed Area of the 4th Bore


Approximate geologic cross 
section shown in Figure 2 







 


 
 


 
Figure 2: Geologic Cross Sections through the Berkeley Hills 


NORTHEAST 







 
 
 


Figure 3: The interrelationships of faults, folds, and fractures in the Berkeley Hills idealized in relation to strike-slip fault 
tectonics (Goodman, 1993). (a) Sketch showing north trending dextral strike slip faults, northwest-trending fold axis, and 
northeast-trending extension joints in the Berkeley Hills. (b) Directions of conjugate shear surfaces developed in a test 


specimen, with greatest principal stresses oriented as shown.







 
Figure 4: Claremont Tunnel Construction Information 







 
 
 


 
 
 
 


Figure 5: Profile along Bart Berkeley Hills Tunnel 
 
 







 
Figure 6: Initial Timber Support of Bores 1 and 2 







 
 


Figure 7: Initial Support and Final Lining Construction Plan for Bores 1 and 2 







 
 


Figure 8a: Drift Excavation Progress on Bore 1







 
 


Figure 8b: Drift Excavation Progress on Bore 2 







 
 


Figure 9: Drift Excavation Sequence Model for Bores 1 & 2 
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Figure 10: Caldecott Tunnel Construction Information
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Figure 11: Form and Carrier used to place Final Lining on Bores 1 & 2 







 
 


Figure 12: Final Lining Reinforcement of 1st and 2nd Bore







 
 


Figure 13: 3rd Bore Excavation Sequence (approximate scale provided by drift size) 







 
 


Figure 14: Breastboard Jumbo on West End Top Heading Drive 


 
 


Figure 15: Breastboard Jumbo Holding Jacks Used Against Steel Sets 







 
 


Figure 16: Full Section Initial Support on 3rd Bore 







 
 


Figure 17: Traveling Form used for 3rd Bore Final Lining 







 
 


Figure 18: Completed 3rd Bore Final Lining before Ceiling Construction 


 
Figure 19: 3rd Bore Final Lining after Ceiling Construction







 
 
 


Figure 20: 3rd Bore Final Lining







 


 
 


Figure 21: Caldecott 3rd Bore Portal Structures 







 
 


Figure 22: Excavation and Backfill of 3rd Bore Portal Structures







 
Figure 23: Photograph Showing Portal Cut at the West End for 1st and 2nd Bores







 
 


 
 
 
 


Figure 24: Plan of Existing Control and Console Room 
 
 







 
 


 
 


Figure 25: Control Room Central Console 
 
 


 
 


Figure 26: Exterior View of Control Room Above the 3rd Bore 
 







 
 
 


Figure 27: Recent Seismicity Map of the Bay Area 
 
 
 
 







 


 
 


Figure 28: Relation Between Earthquake Magnitude and Peak Ground Acceleration (PGA)







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


APPENDIX A: Logging of 3rd Bore Hand Samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 
 
 


 
MEMORANDUM 


The following memorandum outlines the logging of hand samples that were obtained 
during the construction of the Caldecott 3rd bore.  These samples were photographed, 
classified, and categorized by strength based on a simple hardness index test (Rock 
Characterization Testing and Monitoring, ISRM Suggested Methods, 1981).  In general, 
all of the samples appeared to be much stronger than the anticipated rock mass in the 
field.  The strengths of all samples were at the higher end of the ranges described by 
Page (1950) and appeared stronger than the preliminary samples obtained during the 
most recent field investigations.  It is important to note that all of these samples were 
recovered from the tunnel as it was being excavated, and thus represent intact rock 
samples that withstood the energy of the excavation operations.  Therefore these 
samples are considered to represent the more favorable end of the range of expected 
conditions in the field. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


To: Files 
cc:  
From: Mike Capuzzi 
Job No: 3892.0, Caldecott Tunnel 4th Bore 
Date: January 18, 2005 
Subject: Logging of 3rd Bore Hand Samples 







 
(1) Silicified First Shale with quartz and pyrite (Station 208+25): dark brown, sandy, 
moderately hard (Index Test UCS Category 145-725 psi; sample considered to be 


toward the upper end of range) 
 


 
(2) Portal Sandstone with calcite and pyrite showing oil tar (Station 209+50): reddish 


dark brown, coarse to fine grains, sub-angular, well sorted, moderately hard (Index Test 
UCS Category 145-725 psi; sample considered to be toward the upper end of range) 







 
(3) Portal Sandstone with Shale and Pyrite (Station 210+50): Light grey, fine grained, 


slightly jointed, hard (Index Test UCS Category 725-3625 psi; sample considered to be 
toward the upper end of range) 


 


 
(4) Faulted and Slickened Shale (Station 212+75): Very dark brown, highly fractured, 


healed, moderately hard (Index Test UCS Category 725-3625 psi; sample considered to 
be toward the middle of range) 







 
(5) Silicified Fault Gauge (Station 213+40): Black, highly fractured, hard (Index Test 


UCS Category 725-3625 psi; sample considered to be toward the lower end of range) 
 


 
(6) Preliminary Chert coated with white siliceous material (Station 213+75): brown, 


highly fractured, hard (Index Test UCS Category 725-3625 psi; sample considered to be 
toward the lower end of range) 


 







 
(7) Preliminary Chert (Station 213+80): Dark brown, thinly bedded, slightly fractured, 
hard (Index Test UCS Category 725-3625 psi; sample considered to be toward the 


middle of range) 
 


 
(8) Second Sandstone coated with calcite crystals (Station 214+16): Light grey, fine 


grained, poorly sorted, slightly fractured, very hard (Index Test UCS Category 145-725 
psi; sample considered to be toward the upper end of range) 







 
(9) Second Sandstone coated with oil tar (Station 214+25): Light grey, fine grained, 


poorly sorted, very hard (Index Test UCS Category 145-725 psi; sample considered to 
be toward the upper end of range) 


 


 
(10) Second Sandstone (Station 215+00): light grey, fine grained, poorly sorted, slightly 


fractured, hard (Index Test UCS Category 725-3625 psi; sample considered to be 
toward the upper end of range) 







 
(11) Chert (Station 220+33): Yellowish light brown, thinly bedded, faulted, hard (Index 


Test UCS Category 725-3625 psi; sample considered to be toward the middle of range) 
 


 
(12) Chert with Shale (Station 222+31): Dark brown, bedded, highly fractured, healed, 


very hard (Index Test UCS Category 725-3625 psi; sample considered to be toward the 
middle of range) 


 







 
(13) Altered Diabase Dike (Station 127+30): Light grey, fractured, moderately hard 


(Index Test UCS Category 145-725 psi; sample considered to be toward the middle of 
range) 


 


 
(14) Chert and Silicified Shale (Station 127+80): Dark Brown, faulted, hard (Index Test 
UCS Category 145-725 psi; sample considered to be toward the upper end of range) 


 







 
(15) Chert and Shale (Station 128+46): Dark brown, slightly fractured, hard (Index Test 


UCS Category 725-3625 psi; sample considered to be toward the middle of range) 
 


 
(16) Orinda Sandstone with oil tar (Station 128+86): Dark grey, fine grained, hard (Index 


Test UCS Category 725-3625 psi; sample considered to be toward the upper end of 
range) 


 







 
(17) Orinda Sandstone (Station 130+40): Grey, coarse to fine grained, sub-rounded, 


hard (Index Test UCS Category 145-725 psi; sample considered to be toward the upper 
end of range) 


 


 
(18) Orinda Sandy Mudstone (Station 131+10): Grey, slightly fractured, moderately hard 
(Index Test UCS Category 145-725 psi; sample considered to be toward the upper end 


of range) 







 
(19) Orinda Conglomerate (Station 132+70): Grey, well-sorted, sand matrix, moderately 
hard (Index Test UCS Category 145-725 psi; sample considered to be toward the upper 


end of range) 
 


 
(20) Orinda Sandy Mudstone (Station 133+05): Bluish grey, moderately hard (Index 


Test UCS Category 145-725 psi; sample considered to be toward the middle of range) 
 







 
(21) Orinda Fault Gauge (Station 133+41): Reddish-brown, highly fractured, moderately 


hard (Index Test UCS Category 145-725 psi; sample considered to be toward the 
middle of range) 


 


 
(22) Orinda Conglomerate (Station 134+76): Grey, slightly fractured, 1-inch pebbles, 
hard (Index Test UCS Category 725-3625 psi; sample considered to be toward the 


lower end of range) 







 


 
(23) Orinda Mudstone (Station 137+30): Dark grey, moderately hard (Index Test UCS 


Category 145-725 psi; sample considered to be toward the upper end of range) 
 


 
(24) Orinda Faulted Mudstone with slickenside (Station 138+40): Dark bluish grey, 
moderately hard (Index Test UCS Category 145-725 psi; sample considered to be 


toward the upper end of range) 







 


 
(25) Orinda Sandy Conglomerate (Station 139+00): Light grey, very hard (Index Test 
UCS Category 725-3625 psi; sample considered to be toward the middle of range) 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


APPENDIX B: Minutes of Meeting with Dennis McCarry 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 
 


PROJECT MEMORANDUM 


Attention: Mike McRae 
Company: JA 
cc: Bhaskar Thapa 
From: Michael Capuzzi 
Job No: 3892 – Caldecott 4th Bore 
Date: December 7, 2004 
Subject: Minutes of Meeting with Dennis McCarry on Caldecott 3rd Bore 


Construction, 11/1/2004 
 
 
Construction of 3rd Bore 
 


• Caldecott 3rd bore was mined from both ends.  Mining began on the East end 
because progress rates from West end were lower than planned. 


• Tunnel advanced approximately 9-ft per day on the West end and approximately 
20-ft per day on the East end.   


• Construction sequence of the West end consisted of wall plate drifts driven along 
the entire length, followed by top heading and bench excavation.  The East end 
used a shield.  At the West Portal, an additional crown drift was driven and the 
top heading was formed by connecting the side drifts to the crown drift and 
working out towards the portal from inside the tunnel. 


• Breastboarding used during construction from the West portal was more of a 
precaution due to the problems encountered during construction of the Broadway 
Tunnel. 


• The ground required drill and shoot methods. 
• Initial support consisted of steel ribs spaced 3’ on center, with 60-70% lagging 


between sets and full lagging in the faulted zone.  The steel ribs did not 
experience any loading judging from observed absence of cracking in the 
lagging, except in one section of the tunnel directly across from the location of 
the cave-in of the 1st and 2nd bores.   


• Cross adits between the 2nd and 3rd bores were spaced 800-ft apart (3 total), and 
no problems were encountered during their construction.  Support consisted of 
steel ribs fully lagged, and the timber in the existing 2nd bore tunnel was noted as 
being in excellent condition. 


• Not much spiling was used at the West portal, and the East portal used a startup 
canopy. 


• Concrete cylinder testing was performed. 
• Over 9 million pounds of steel were used in the construction of the tunnel. 
• No convergence measurements were taken during construction.  
• No boreholes were drilled except for at the portal areas. 
• Geological mapping was not performed during construction. 







 
Ground conditions encountered 
 


• Mr. McCarry recalls the Portal Sandstone to be a bit stronger than described by 
Page (1950).  Mr. McCarry believes that a roadheader might be able to excavate 
the material.   


• The Orinda formation was described as “blocky” and required face bolting in 
certain areas.  A large block fallout caused one fatality during construction.   


• The Orinda Mudstone deteriorates rapidly in water.  The standup time of the 
Mudstone is low, but was difficult to gage because a shield was being used.  Mr. 
McCarry stated that crownbars were rarely used and could not recall needing any 
spiling.  He said the mudstone needed a good seal coat.   


• The Claremont formation was described as being overturned. 
• No raveling was encountered in the Claremont chert. 
• Very little overbreak was encountered during the construction from the East end.  


However, a 15-ft void was created above the shield at the meeting of the shield 
and West bore.  The shield was left in place. 


• The crown was contact grouted using approximately 5-10 sacks/ft. 
• Gas was an issue within the Claremont formation, and readings were taken 


during construction of the 3rd bore.  
• Groundwater inflows were not a major problem.  During construction 


groundwater was observed along the wall plate drifts from the East end but dried 
up in the mudstone.  Maximum inflows were approximately 30 gpm in 3rd bore.  
Mr. McCarry believes the first two bores acted as a drain.   


• Lateral loads were not an issue except at the Wildcat fault, where the North side 
was more critical.  Mr. McCarry recalled they did not see any lateral inward 
movement of walls in the fault area.  Mr. McCarry believes the previous bores 
probably relieved much of the in-situ lateral stresses.  The 4th bore requires 
careful treatment through the Wildcat fault. 


• There were no stability issues in the West portal cut slopes. 
• In one area where the wall plate was underpinned out of sequence, the arch 


dropped. 
 


Recommendations for 4th Bore 
 


• Portal Sandstone could be excavated with a Roadheader. 
• Mudstone will require a good sealing coat of shotcrete.   
• Foundation piles may be required at the elephant’s feet at the location of the 


Wildcat fault. 
• A fair amount of face support may be required as the tunnel advances from the 


West end, because the ground dips into the face.   
• SEM is the ideal approach. 


 
 
 
 
 
 







TABLE
SUMMARY OF EXISTING ROCK DATA


Range Average Range Average Range Average Range Average


Jensen-Van Lienden Associates, Inc., 
2/9/00 6033 Skyline Blvd. 1 siltstone/sandstone Sobrante shaly sandstone 4-7.5 24-56 (3) 35.7 15 83
Jensen-Van Lienden Associates, Inc., 
2/9/00 6033 Skyline Blvd. 2 weathered sandstone Sobrante shaly sandstone 1.5-6 21-104 (3) 66.0 14-16 15.0 84-88 86.0 1500-1900(2) 1700
Jensen-Van Lienden Associates, Inc., 
2/9/00 6033 Skyline Blvd. 3 sandstone Sobrante shaly sandstone 3.5-8.5 34-75 50.0 11 93
Jensen-Van Lienden Associates, Inc., 
2/9/00 6033 Skyline Blvd. 3 siltstone Sobrante shaly sandstone 8.5-10.75 50 23
Jensen-Van Lienden Associates, Inc., 
2/9/00 6033 Skyline Blvd. 4 sandstone Sobrante shaly sandstone 2.5-5.5 56
Jensen-Van Lienden Associates, Inc., 
2/9/00 6033 Skyline Blvd. 4 sandstone/claystone Sobrante shaly sandstone 5.5-10.9 28,48 38.0
Jensen-Van Lienden Associates, Inc., 
2/9/00 6033 Skyline Blvd. 4 siltstone Sobrante shaly sandstone 10.9-12.5 60/6" 11 97 1500
Jensen-Van Lienden Associates, Inc., 
2/9/00 6033 Skyline Blvd. 5 siltstone/claystone Sobrante shaly sandstone 23.5-30.5 48,41 44.5 20,23 21.5 97,98 97.5 3400-5500(2) 4450
Jensen-Van Lienden Associates, Inc., 
2/9/00 6033 Skyline Blvd. 6 siltstone/claystone Sobrante shaly sandstone 23-31 34,37 35.5 20,21 20.5 96101 98.5
Diablo Soil Engineers, 4/91 1 6033 Skyline Blvd. 1 weathered shale Sobrante shaly sandstone 30-33 50/5" 13.4
Diablo Soil Engineers, 4/91 1 6033 Skyline Blvd. 2 weathered shale/shale Sobrante shaly sandstone 20.5-28 50/6" 16.2
Diablo Soil Engineers, 4/91 1 6033 Skyline Blvd. 3 weathered shale Sobrante shaly sandstone 12.5-18 50,60/4" 75.0 22.2,24.3 23.3 110.2 1000-1070(2) 1035
Diablo Soil Engineers, 4/91 1 6033 Skyline Blvd. 4 shale Sobrante shaly sandstone 9.0-13 30/6",60/4" 17.1,18.2 17.7 111.2 920-1000(2) 960
Diablo Soil Engineers, 4/91 1 6033 Skyline Blvd. 5 shale Sobrante shaly sandstone 3.5-5 45/6" 18.2 1000
Earth Science Consultants, 12/14/96 27 Bay Forest Ct. 1 sandstone Claremont second sandstone 8.5-9.1 50,85 67.5
Earth Science Consultants, 12/14/96 27 Bay Forest Ct. 2 sandstone Claremont second sandstone 8-8.6 99
Earth Science Consultants, 12/14/96 27 Bay Forest Ct. 3 sandstone Claremont second sandstone 4-4.5 46-288 159.3
Earth Science Consultants, 12/14/96 27 Bay Forest Ct. 4 sandstone Claremont second sandstone 8-8.5 106
Earth Science Consultants, 2/15/99 1903 Tunnel Rd. 1 sandstone Sobrante first shale 6.5-6.75 72
Earth Science Consultants, 2/15/99 1903 Tunnel Rd. 2 sandstone Sobrante first shale 9-9.75 87
Earth Science Consultants, 2/15/99 1903 Tunnel Rd. 3 siltstone Sobrante first shale 6-6.75 65
Earth Science Consultants, 2/15/99 1903 Tunnel Rd. 4 siltstone Sobrante first shale 17-17.75 36
Earth Science Consultants, 2/15/99 1903 Tunnel Rd. 8 siltstone Sobrante first shale 5-5.75 63-108 86.3
Earth Science Consultants, 2/15/99 1903 Tunnel Rd. 9 sandstone/siltstone Sobrante first shale 2-2.75 74108 91.0
Earth Science Consultants, 2/15/99 1903 Tunnel Rd. 10 siltstone Sobrante first shale 3.5-4 75216 145.5
Earth Science Consultants, 2/15/99 1903 Tunnel Rd. 11 siltstone Sobrante first shale 7.5-8 72108 90.0
Alexei R. Lukban, P.E., 11/15/98 5980 Skyline Blvd. B-2 siltstone Sobrante shaly sandstone 17-34 12-80. 37.5 20.2-21.3 20.9
Alexei R. Lukban, P.E., 11/15/98 5980 Skyline Blvd. B-3 siltstone Sobrante shaly sandstone 20-30 12-41. 27.0 20.1-21.3 20.6


Fowler & Associates, 2/27/01
67 & 71 Bay Forest 
Dr. B-1 sandstone (w/ interbedded shale) Claremont second sandstone 2-14.5 45-50/6" 71.8 8,18 13.2 94


Fowler & Associates, 2/27/01
67 & 71 Bay Forest 
Dr. B-2 shale& interbedded thin sandstone Claremont second sandstone 8.5-16.5 27-50 38.5 14,26 20.0


Fowler & Associates, 2/27/01
67 & 71 Bay Forest 
Dr. B-3 silty sandstone Claremont second sandstone 18-22.5 90 15


Fowler & Associates, 2/27/01
67 & 71 Bay Forest 
Dr. B-4 sandstone; shale w/ interbedded ss Claremont second sandstone 4-23. 21-59 37.8 14-45 28.8 81


Fowler & Associates, 2/27/01
67 & 71 Bay Forest 
Dr. B-5 shale w/ thin sandstone layers Claremont second sandstone 4-16. 11-65/9" 36.7 21-47 35.3 93


Fowler & Associates, 2/27/01
67 & 71 Bay Forest 
Dr. B-6 shale Claremont second sandstone 8-15.5 23,26 25.0 5,34 19.5


Buller Group, 2/13/97 61 Bay Forest Dr. TB1 silty sandstone Claremont second sandstone 5-18. 20-30/6" 38.7 17.3 117.3
Buller Group, 2/13/97 61 Bay Forest Dr. TB2 silty sandstone Claremont second sandstone 2.5-13 76-50/2" 92.0 21.2 108.9
Jensen-Van Lienden Associates, Inc., 
6/16/94 35 Bay Forest Ct. 1 weathered sandstone Claremont second sandstone 5-13.5 21-53 33.0 8,15 12.5 84-98 90.5 1500-1800(2) 1650
Jensen-Van Lienden Associates, Inc., 
6/16/94 35 Bay Forest Ct. 2 weathered sandstone Claremont second sandstone 5-13.8 24-53/6" 58.7 10,16 12.5 95-104 99.3
Jensen-Van Lienden Associates, Inc., 
6/16/94 35 Bay Forest Ct. 3 shale or chert Claremont chert? 3.5-9.5 60-67 63.3 9,18 12.3 95-98 96.5
Subsurface Consultants, Inc., 
7/21/1994 2333 Tunnel Rd. 1 siltstone Sobrante portal sandstone 4.5-13.5 44-67/6" 90.8 22.3,38.6 30.5 75, 94 84.5 1100


Geologic Unit of Page 
(1950)


Blow Counts Moisture (%) Dry Density (pcf) UC (psf)
Author & Date Site Location Sample Depth 


Range (ft)Rock TypeBoring ID Geologic Fm. 


I:\3892 - Caldecott 4th Bore\engineering\Tunnel alignment\existing_rock_data 1







TABLE
SUMMARY OF EXISTING ROCK DATA


Range Average Range Average Range Average Range Average
Geologic Unit of Page 


(1950)


Blow Counts Moisture (%) Dry Density (pcf) UC (psf)
Author & Date Site Location Sample Depth 


Range (ft)Rock TypeBoring ID Geologic Fm. 


Subsurface Consultants, Inc., 
7/21/1994 2333 Tunnel Rd. 2 sandstone Sobrante portal sandstone 4.5-12 33-50/4" 94.3 12.4 95
Subsurface Consultants, Inc., 
7/21/1994 2333 Tunnel Rd. 3 claystone Sobrante portal sandstone 5-10. 54 21.6 95
Subsurface Consultants, Inc., 
7/21/1994 2333 Tunnel Rd. 3 sandstone Sobrante portal sandstone 10-14.5 58, 50/6" 79.0 25.5 94
Lowney Associates, 9/25/1992 200 Caldecott Ln. EB-2  very severely weathered claystone Sobrante first shale 22-33.9 22, 32, 50/5" 17,13,13 14.3 (3)
Lowney Associates, 9/25/1992 200 Caldecott Ln. EB-5 weathered claystone/siltstone Sobrante first shale 16-24 50/6", 50/5.5" 10, 8 9 (2)
Lowney Associates, 9/25/1992 200 Caldecott Ln. EB-6 weathered siltstone/claystone Sobrante first shale 49.5-50 50/6" 21
ABEL R. SOARES & Associates, 
5/9/1989 2 21 Old Tunnel Rd. P-3 siltstone Orinda na 12-12.75 10, 10/3" 15.6
ABEL R. SOARES & Associates, 
5/9/1989 2 21 Old Tunnel Rd. P-4 conglomerate Orinda na 15-17.7 20/2"
ABEL R. SOARES & Associates, 
5/9/1989 2 21 Old Tunnel Rd. S-1 siltstone/sandstone Orinda na 7-7.7 400/0.7" *
Hallenbeck, McKay & Associates, 
10/1974 200 Caldecott Ln. 1 claystone Sobrante first shale 0-2.0 44 19 111 8800
Hallenbeck, McKay & Associates, 
10/1974 200 Caldecott Ln. 1 sheared siltstone Sobrante first shale 2-7.0 28, 83 55.5 (2) 19,19 19 (2) 107, 110 108.5 (2) 6600, 11800 9200 (2)
Hallenbeck, McKay & Associates, 
10/1974 200 Caldecott Ln. 1 fractured claystone Sobrante first shale 7-9.0 83 19 110 11800
Hallenbeck, McKay & Associates, 
10/1974 200 Caldecott Ln. 1 sheared claystone Sobrante first shale 9-23.0 68, 55, 56 59.7 (3) 15, 10, 8 11 (3) 117129104 116.7 (3) 9300, 2800 6050 (2)
Hallenbeck, McKay & Associates, 
10/1974 200 Caldecott Ln. 1 jointed siltstone Sobrante first shale 23-31.0 66 12 126
Hallenbeck, McKay & Associates, 
10/1974 200 Caldecott Ln. 2 sheared claystone Sobrante first shale 10-20.0 13,26,100 46.3 (3) 27, 21 24 (2) 96, 108 102 (2) 880, 4000 2440 (2)
Hallenbeck, McKay & Associates, 
8/20/1982 200 Caldecott Ln. 1 fractured sandstone Sobrante first shale 7.5-13.5 25 9 119
Hallenbeck, McKay & Associates, 
8/20/1982 200 Caldecott Ln. 1 fratured shale Sobrante first shale 13.5-16.5 41 15 119 4500
Hallenbeck, McKay & Associates, 
8/20/1982 200 Caldecott Ln. 4 fractured shale Sobrante first shale 44-50.0 95 13 121
Hallenbeck, McKay & Associates, 
8/20/1982 200 Caldecott Ln. 5 weathered sandstone & shale Sobrante first shale 11.5-15.5 71 16 117 8400
Hallenbeck, McKay & Associates, 
8/20/1982 200 Caldecott Ln. 5 fractured sandstone Sobrante first shale 15.5-18.5 60/6" 10 127 5450
Hugh M. O'Neil Company, 3/1968 200 Caldecott Ln. 1 sandstone Sobrante first shale 12.5-15 21.5 105 6000
Hugh M. O'Neil Company, 3/1968 200 Caldecott Ln. 1 decomposed shale Sobrante first shale 15-20.0 15.2 120
Hugh M. O'Neil Company, 3/1968 200 Caldecott Ln. 1 partially decomposed shale Sobrante first shale 22-35.0 10.8 126
Hugh M. O'Neil Company, 3/1968 200 Caldecott Ln. 1 shale Sobrante first shale 35-40.0 11.3 109
Hugh M. O'Neil Company, 3/1968 200 Caldecott Ln. 2 decomposed shale Sobrante first shale 10-17.5 21.5 104 6000
Hugh M. O'Neil Company, 3/1968 200 Caldecott Ln. 2 fragmented rock Sobrante first shale 17.5-21 16.5 101
Hugh M. O'Neil Company, 3/1968 200 Caldecott Ln. 3 fragmented siltstone Sobrante first shale 1-10.0 13.9, 13.9 13.9 (2) 120, 119 119.5 (2) 4000, 3500 3750 (2)
Hugh M. O'Neil Company, 3/1968 200 Caldecott Ln. 3 shale Sobrante first shale 10-20.0 15.6 120
Hugh M. O'Neil Company, 3/1968 200 Caldecott Ln. No.2(Bldg G) fractured shale & decomp. sandstone Sobrante first shale 11-14.2 28
Hugh M. O'Neil Company, 3/1968 200 Caldecott Ln. No.1 (Bldg H) fractured shale & decomp. sandstone Sobrante first shale 5-7.25 20
Hugh M. O'Neil Company, 3/1968 200 Caldecott Ln. No.1 (Bldg H) decomposed sandstone Sobrante first shale 7.25-10 14
Hugh M. O'Neil Company, 3/1968 200 Caldecott Ln. No.1 (Bldg H) fractured shale, decomp. sandstone Sobrante first shale 15-19.0 38
Hugh M. O'Neil Company, 3/1968 200 Caldecott Ln. No.2(Bldg H) fractured shale, decopm. sandstone Sobrante first shale 2-7.0 33
Hugh M. O'Neil Company, 3/1968 200 Caldecott Ln. No.2(Bldg H) shale & sandstone Sobrante first shale 7-13.0 33
Hugh M. O'Neil Company, 3/1968 200 Caldecott Ln. No.2(Bldg H) fractured shale & basalt (?) Sobrante first shale 13-15.0 16
Hugh M. O'Neil Company, 3/1968 200 Caldecott Ln. No.2(Bldg H) fractured shale & decomp. sandstone Sobrante first shale 15-20.0 10
Hugh M. O'Neil Company, 3/1968 200 Caldecott Ln. No.3 (Bldg H) decomposed shale Sobrante first shale 10-20.0 40, 60 50 (2)


Diablo Soil Engineers, 5/16/1991
Skyline Blvd. (tract 
6248) 1 weathered shale Sobrante shaly sandstone 30-33.0 50/5" 13.4 10000


Diablo Soil Engineers, 5/16/1991
Skyline Blvd. (tract 
6248) 2 weathered shale Sobrante shaly sandstone 20.5-28 50/5" 16.2
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TABLE
SUMMARY OF EXISTING ROCK DATA


Range Average Range Average Range Average Range Average
Geologic Unit of Page 


(1950)


Blow Counts Moisture (%) Dry Density (pcf) UC (psf)
Author & Date Site Location Sample Depth 


Range (ft)Rock TypeBoring ID Geologic Fm. 


Diablo Soil Engineers, 5/16/1991
Skyline Blvd. (tract 
6248) 3 weathered shale Sobrante shaly sandstone 12.5-18 50, 60/4" 24.3, 22.2 23.25 (2) 10700, 10000 10350 (2)


Diablo Soil Engineers, 5/16/1991
Skyline Blvd. (tract 
6248) 4 weathered shale Sobrante shaly sandstone 9-13.0 30/6", 60/4" 18.2, 17.1 17.65 (2) 111.2 9200, 10000 9600 (2)


Diablo Soil Engineers, 5/16/1991
Skyline Blvd. (tract 
6248) 5 weathered shale Sobrante shaly sandstone 3.5-5 45/6" 18.2 10000


Alan Kropp & Associates , 3/24/1981 Skyline Blvd. near old t 1 siltstone- severely weathered Claremont chert 8-13.0 50/6" 34 81
Alan Kropp & Associates , 3/24/1981 Skyline Blvd. near old t 1 shale Claremont chert 13-15.0 50/1" 14
Alan Kropp & Associates , 3/24/1981 Skyline Blvd. near old t 2 shale Claremont chert 20-25.0 50/0.5" 17
Alan Kropp & Associates , 3/24/1981 Skyline Blvd. near old t 3 shale Claremont chert 15.5-23.5 32, 35 33.5(2) 19, 22 20.5 (2) 88, 83 85.5 (2)
Alan Kropp & Associates , 3/24/1981 Skyline Blvd. near old t 3 sandstone Claremont chert 23.5-25.2 50/2" 15
Alan Kropp & Associates , 3/24/1981 Skyline Blvd. near old t 4 shale/sandstone interbedded Claremont chert 13-25.0 50/1.5"
Alan Kropp & Associates , 3/24/1981 Skyline Blvd. near old t 5 sandstone Claremont chert 12-15.1 50/1" 9
Alan Kropp & Associates , 3/24/1981 Skyline Blvd. near old t 6 sandstone Claremont second sandstone 14-19.5 50/3" 13
Alan Kropp & Associates , 3/24/1981 Skyline Blvd. near old t 7 sandstone Claremont second sandstone 14-24.0 55, 50/5" 13, 18 15.5 (2) 100, 107 103.5 (2) 3000
Alan Kropp & Associates , 3/24/1981 Skyline Blvd. near old t 7 shale Claremont second sandstone 24-25.4 50/5" 16
Alan Kropp & Associates , 3/24/1981 Skyline Blvd. near old t 8 sandstone Claremont second sandstone 7-15.0 50/3" 10
Treadwell & Rollo, Inc., 12/11/1992 200 Caldecott Ln. B-1 sandstone Sobrante first shale 39-45 36/9", 42
Treadwell & Rollo, Inc., 12/11/1992 200 Caldecott Ln. B-2 sandstone Sobrante first shale 43-51.0 25.5 98
Treadwell & Rollo, Inc., 12/11/1992 200 Caldecott Ln. B-3 sandstone Sobrante first shale 36-40 32
Treadwell & Rollo, Inc., 12/11/1992 200 Caldecott Ln. B-4 sandstone Sobrante first shale 43.5-49 30/4"
Treadwell & Rollo, Inc., 12/11/1992 3 200 Caldecott Ln. 1 fractured sandstone Sobrante first shale 7.5-13.5 25 9 119
Treadwell & Rollo, Inc., 12/11/1992 3 200 Caldecott Ln. 1 fractured shale Sobrante first shale 13.5-16.5 41 15 119 4500
Treadwell & Rollo, Inc., 12/11/1992 3 200 Caldecott Ln. 4 fractured shale Sobrante first shale 44-49.5 95 13 121
Treadwell & Rollo, Inc., 12/11/1992 3 200 Caldecott Ln. 5 sandstone & shale Sobrante first shale 11.5-15.5 71 16 117 8400
Treadwell & Rollo, Inc., 12/11/1992 3 200 Caldecott Ln. 5 fractured sandstone Sobrante first shale 15.5-18.5 60/6" 10 127 5450
Treadwell & Rollo, Inc, 12/11/1992 4 200 Caldecott Ln. 1 claystone Sobrante first shale 0-2.0 44 19 111 8800
Treadwell & Rollo, Inc, 12/11/1992 4 200 Caldecott Ln. 1 siltstone Sobrante first shale 2-7.1 28, 83 55.5 (2) 19, 19 19 (2) 107, 110 108.5 (2) 6600, 11800 9200 (2)
Treadwell & Rollo, Inc, 12/11/1992 4 200 Caldecott Ln. 1 claystone Sobrante first shale 7.1-23 68, 55, 56 59.7 (3) 15, 10, 8 16.5 (3) 117, 129, 104 116.7 (3) 9300, 2800 6050 (2)
Treadwell & Rollo, Inc, 12/11/1992 4 200 Caldecott Ln. 1 siltstone Sobrante first shale 23-31.0 66 12 126
Treadwell & Rollo, Inc, 12/11/1992 4 200 Caldecott Ln. 2 claystone Sobrante first shale 10-20.0 13, 26, 100 46.3 (3) 27,21 24 (2) 96, 108 102 (2) 880, 4000 2440 (2)
Treadwell & Rollo, Inc, 3/4/1996 200 Caldecott Ln. B-1 sandstone Sobrante first shale 27-28 50/5"
Treadwell & Rollo, Inc, 3/4/1996 200 Caldecott Ln. B-2 shale & sandstone Sobrante first shale 38.5-51.5 23, 15, 8 15.3 (3)


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 1 silty sandstone Claremont second sandstone 0.5-15 36/6" 10, 9, 10 9.7 (3) 115


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 2 sandstone/siltstone Claremont second sandstone 2-10.5 40/6", 36/6" 11, 9,10 10 (3)


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 3 clayey sandstone Claremont second sandstone 2-7.0 48 7, 9 8 (2) 114


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 3 silty sandstone Claremont second sandstone 7-14.0 37 8, 7 7.5 (2)


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 4 silty sandstone Claremont second sandstone 3-4.3 39 8


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 4 silty sandstone Claremont second sandstone 4.3-12 50/5" 5, 9 7 (2) 114


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 4 shale & sandstone Claremont second sandstone 12-19.0 60/6" 10, 6 8 (2)


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 5 silty sandstone Claremont second sandstone 1-7.2 62, 50/6" 13, 11 12 (2) 111


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 5 clayey sandstone Claremont second sandstone 7.2-16.0 28 ,48 38 (2) 8, 19 13.5 (2)


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 6 silty sandstone Claremont second sandstone 1.2-17.5 27, 40/6", 44 7,7,10,11 8.75 (4) 105


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 6 clayey sand stone Claremont second sandstone 17.5-20 14


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 7 clayey sandstone Claremont second sandstone 3-8.0 42 21
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TABLE
SUMMARY OF EXISTING ROCK DATA


Range Average Range Average Range Average Range Average
Geologic Unit of Page 


(1950)


Blow Counts Moisture (%) Dry Density (pcf) UC (psf)
Author & Date Site Location Sample Depth 


Range (ft)Rock TypeBoring ID Geologic Fm. 


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 7 silty sandstone Claremont second sandstone 8-20.0 40/6", 60 10, 13 11.5 (2) 112


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 8 claystone & shale Claremont second sandstone 6.2-12 32 15, 14 14.5 (2)


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 8 clayey sandstone Claremont second sandstone 12-20.0 51 14, 13, 11 12.7 (3) 113


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 9 silty sandstone Claremont second sandstone 8.9-15 60/6" 7, 9 8 (2)


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 10 silty sandstone Claremont second sandstone 0.75-16 32, 62,70 54.7 (3) 8,7,9,9 8.25 (4) 112


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 11 silty sandstone (weathered & fractured) Claremont second sandstone 4.5-9 34 4 99


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 11 silty & clayey sandstone Claremont second sandstone 9-16.0 30/6", 55 6, 8 7 (2)


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 12 silty sandstone (weathered & fractured) Claremont second sandstone 1.6-9.6 40/6", 40/6" 40/6" (2) 6, 12 9 (2) 103


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 12 silty sandstone Claremont second sandstone 9.6-14 9


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 13 silty sandstone (weathered & fractured) Claremont second sandstone 9-15.0 40/6" 7, 7 7 (2) 111


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 14 clayey sandstone Claremont second sandstone 20-27.0 26, 22 24 (2) 7, 6 6.5 (2) 109


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 15 silty sandstone (weathered & fractured) Claremont second sandstone 1-10.5 42/6", 50/6" 12, 7 9.5 (2)


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 16 silty sandstone Claremont second sandstone 1-12.8 45, 30/6" 5, 9 7 (2)


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 16 claystone Claremont second sandstone 12.75-20 50/6", 45/6" 11, 8 9.5 (2)


Don Hillebrandt Associates, 4/10/1978
(Pinewood Condos) 
Bay Forest Dr. 16 claystone & shale Claremont second sandstone 20-25.0 60/6" 7


Alan Kropp & Associates, 12/9/1991 5895 Skyline Blvd. 1 sandstone Sobrante portal sandstone? 2-7.5 58, 50/5" 14, 15 14.5 (2)
Alan Kropp & Associates, 12/9/1991 5895 Skyline Blvd. 3 sandstone Sobrante portal sandstone? 2-10.5 54,32,71 52.3 (3) 8,19,21,13 15.25 (4)
Alan Kropp & Associates, 9/8/1992 1903 Tunnel Rd. 1 sandstone Sobrante first shale 3.5-6 11 11
Alan Kropp & Associates, 9/8/1992 1903 Tunnel Rd. 1 claystone Sobrante first shale 6-9.5 50, 56/6" 17,18,11 15.3 (3)
Alan Kropp & Associates, 9/8/1992 1903 Tunnel Rd. 2 claystone Sobrante first shale 3-7.5 23, 72 47.5 (2) 14, 10 12 (2)


Alan Kropp & Associates, 6/11/1992 5824 Skyline Blvd. 1 sandstone Claremont second sandstone? 7-10.5 22, 50/5" 29,23,17 23 (3)
Alan Kropp & Associates, 6/11/1992 5824 Skyline Blvd. 2 sandstone Claremont second sandstone? 6-13.5 22,26,36 28 (3) 24, 22,19 21.7 (3)


Alan Kropp & Associates, 7/16/1992 6039 Skyline Blvd. 1 sandstone Sobrante shaly sandstone? 3.5-14 23, 51, 50/6" 21, 21,14 18.7 (3)
Alan Kropp & Associates, 7/16/1992 6039 Skyline Blvd. 2 sandstone Sobrante shaly sandstone? 9-16.0 27, 24, 17 22.7 (3) 22, 20, 29 23.7 (3)
Alan Kropp & Associates, 7/16/1992 6039 Skyline Blvd. 2 shale Sobrante shaly sandstone? 16-27.0 17 29
Alan Kropp & Associates, 7/16/1992 6039 Skyline Blvd. 2 sandstone Sobrante shaly sandstone? 27--30 65 18, 16 17 (2)


Alan Kropp & Associates, 7/16/1992 6049 Skyline Blvd. 1 sandstone Sobrante shaly sandstone? 6-12.0 51 15
Alan Kropp & Associates, 7/16/1992 6049 Skyline Blvd. 1 siltstone Sobrante shaly sandstone? 12-24.0 53, 23 38 (2) 14, 14, 21 16.3 (3)
Alan Kropp & Associates, 7/16/1992 6049 Skyline Blvd. 1 sandstone Sobrante shaly sandstone? 24-30 51 12
Alan Kropp & Associates, 7/16/1992 6049 Skyline Blvd. 2 claystone Sobrante shaly sandstone? 0-3.5 31 16
Alan Kropp & Associates, 7/16/1992 6049 Skyline Blvd. 2 sandstone Sobrante shaly sandstone? 3.5-10 50, 39, 44.5 (2) 19, 25, 18 20.7 (3)
Alan Kropp & Associates, 7/16/1992 6049 Skyline Blvd. 2 siltstone Sobrante shaly sandstone? 10-13.5 53 18
Alan Kropp & Associates, 7/16/1992 6049 Skyline Blvd. 2 sandstone Sobrante shaly sandstone? 13.5-19.5 45, 58 51.5 (2) 18, 17 17.5 (2)


Alan Kropp & Associates, 7/14/1987 Grizzly Pk. Estates (lot 1 chert & shale Claremont chert 9.5-11.5 50/6" 11


Alan Kropp & Associates, 7/14/1987 Grizzly Pk. Estates (lot 2 chert & shale Claremont chert 3-4.5 50/2" 14


Alan Kropp & Associates, 6/11/1992 5871 Skyline Blvd. 1 sandstone Claremont second sandstone? 1.5-10 22, 34 28 (2) 25, 21 23 (2)
Alan Kropp & Associates, 6/11/1992 5871 Skyline Blvd. 2 sandstone Claremont second sandstone? 0-5.0 33, 30 31.5 (2) 14, 14, 12 13.3 (3)


Alan Kropp & Associates, 5/20/1983 2245 Old Tunnel Rd. 1 siltstone Sobrante 16-19 25/6" 22
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TABLE
SUMMARY OF EXISTING ROCK DATA


Range Average Range Average Range Average Range Average
Geologic Unit of Page 


(1950)


Blow Counts Moisture (%) Dry Density (pcf) UC (psf)
Author & Date Site Location Sample Depth 


Range (ft)Rock TypeBoring ID Geologic Fm. 


Alan Kropp & Associates, 11/14/1996 1 sandstone Claremont second sandstone 25.5-29.5 50/0", 50/0" 50/0" (2)
Alan Kropp & Associates, 11/14/1996 2 sandstone Claremont second sandstone 3.5-14.8 15, 50/6", 50/4" 18
Alan Kropp & Associates, 11/14/1996 3 sandstone Claremont second sandstone 32-33.9 50/5.5"
Alan Kropp & Associates, 11/14/1996 4 sandstone Claremont second sandstone 4-14.0 8, 24, 50/6" 15, 16 15.5 (2)
Alan Kropp & Associates, 11/14/1996 5 sandstone Claremont second sandstone 28.2-33.3 50/6", 50/3"
Alan Kropp & Associates, 11/14/1996 6 sandstone Claremont second sandstone 6-14.5 44, 53 48.5 (2)
Alan Kropp & Associates, 11/14/1996 7 sandstone Claremont second sandstone 4-15.2 41, 50/5", 50/2"
Alan Kropp & Associates, 11/14/1996 8 sandstone Claremont second sandstone 9-17.0 26, 24 25 (2) 16, 24 20 (2)
Alan Kropp & Associates, 11/14/1996 8 sandstone Claremont second sandstone 28.5-34.04 50/3", 50/0.5"
Alan Kropp & Associates, 11/14/1996 9 sandstone Claremont second sandstone 3-8.5 50/4", 50/6"


1 Rpt in Appendix of J-VL 2/00 report
2 * indicates 25 lb hammer falling 15 "
3 Hallenbeck McKay & Associates, 
5/6/82
4 Hallenbeck McKay & Associates, 
8/6/1974
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tOC' POOH: Fm;IJ UIP"'ttm:a tJ'GIt"CAr.DEC~i. taRNEL,.~~~am.& .CAL.tIe" ,-~.' -", ;,,",-e."


~~: ':i::,,-::~;~:;;~Y_D~;~~~,~~ru"h, ., "(;:~~Oj~-~, ...~ ~~
.co" 'n1e ch.irtf,~:'8: of che.CzldeCOe,t: ~~:nll. De. a.'vehi.c.u ar"tunneI ""'" "'~""""1


"",.2a.ra.llal:ng the a.lre.ady existing, ~~~Q"Ct"tunnaI~~'iii~%~~ ,liUa "",;..~~~~:b,,~~~~~=ioe.s.,~&S ~yal:: aud.St: ch .,. i. 0
~~J"~~~a4!~B:.nele.y ..~"~ ..~~.rs on. tha shCra- of au S' ' """"


.",;bore. (foz:me.rly knoWit~;i1io"fb.'";WiOad:waT'!'u=e!)i:'Vzs; canS:t:uc:t:8d. in. 1.934-17 ~- "".;
and the geology of ene t.UtU1al waa d.e.sc.:ibed. by Sen. K. !qa in an ut.ic.le '


publishad in...Economic Geology, v. 45. no. Z, 1950. 'rwo"diosa.strous, ca.va-int, .0;,
ona of vhich killed ~hree workmen, occu~~ed du~ing the driving of cha
e.arliar ~i'n bo~a tunnal, one at; t.he cant.act becween the "preliminary cherc" ;
and t.he "second sandstone" (see following log) and one in an a.l~ered diaba.se ...


dike. Ma~y soft diaba.se dikes were encountered in driving the tWin boretunnel; only a few small ones we~e seen in the presenc t.hird bore. .


the third bo~e of ~he Caldecoct. tun~el is 3300 feet long; excavation
a~ the west por~a.l began at Station 207+45; t.he east. porcal is at Stat;ion'
140+45 Cor 240+45-.scationing changas ~~ 125+52). Fo~ purposes of convenience,
sca~ioning will be given fr~ 207+43 ~o 240+45.


Two small pilot tu."1r.els were driven (t.he not"~h a:1d south wall plata
drifts) prio~ to exca.vacing che or.a.in pQ.~t. of the bo~e. At present the at.eel
supports have been placed f~~ ~ha wes~ ?o~tAl approximately to Sta~ion
224+50; the cwo pilot; drif~s ext;end f=o: here to the eASC portal. !


the wast. portal is in she.Ared And tractured shale and ahaly sa.ndstone of
middle ~1iocane age, which extends ~o Station 20:+54 Cst.eel support No. 48)
o~ che no~th side of the tunnel, and & lictle fa.rt.her aast on the south side.
'rnis is ?a;e's "fi~st shale. I' It ca:t ~e saen at. steel support 3l on che
soutn (right) sid~ of che tunnel. Fora..~iniiera of possible &eliziAn age
ware collected About 500 feet. west of tha west. portal. This age indi~ates a
probably corre.l~t.ion nth che Sobran:e Sandst;one; ~his unit and oche~ sa.nd-
stone, siltst.one, and shAle beds belov the Cl&r~ont Shale were mapped as
Sobran~e Sandstone by Ca.sa (1963. U.C. doc~or's thasis). Alt.hough t.hey differ
so=ewhat from the Sobrante SAnds~one in surrounding areas.


Sheared and fract.~rad sandstcna, which in places con~ains same sha.le,
extends from ~he I'firsc sha.la" co St.ation 212+00 (set. 170). This is Fa-ga's
"po~tal sandstone." It could be seen to be dipping no't't.heast: whe~e it wa.s
e..~posed i:'. t.he pilot. d.~ift.s. tt. is well ~osed at set. 49, on the norch. side,
betWeen o.:ae concrate pilascers. 'In so=e places ~e~ S'andscona 1a badly ,;:~
shear~d. &:td ~ones of very we~ fault goug~ we~~ en~ounce~ed. Hea.vy lagging
was rllquired in parts of the pi-lot tUnI1els~ One shaa.r zone can be seen where ,
steel se:s 121 through 128 a~e on 2-fooc ~entet:s... The amount:. of shale
inc~ea.sei :'0 the aast~ and at Sc&cio~ 2.12.+00 the format.ion is. predQft!~~~t.ly:~~~::;::'{" shale, w'ith. some sandstone.. Mi.ddle. Mio;ene. foraminifera wa~.. collect-ad. from ",f


"~~~"j'£;f.'" sands ton. and shale a~ Seat-ion 21Z+O0 (sets







~_.~~- ,.--I .
.' Badly shear~d and fractured shale with some sandstone is exposed from


Station 212+00 to Stacion 212+79 (set. 206). This is Page.fa "shale, sandy
shale. and shaly sandstone." The attitude of dark wet sheared shale at. set 195 (212+56) is N. 80. W., 750 SW. This unit ~nd ail those eastward in .
the tunnel are over~urned. This entire unit was very we~. The pilot dTifts
were heavily lagged, and the steel suppor~s ~re on 2-foo~ centers. Survey
checks show chat thare has been scme sec~ling and squee:ing in ~hi. are&
since the s~eel supports were placad.


Highly fracturad and contorted cher~ and shale extend from Sta~ion
'-212+79 (sec 206) t.o 214+07 (set 2.54)_i,,'!his is Eage.'s "prelixninary ch.ert.." :.1


Parts of chis unit are shearad and weco A sandstone dike in the chert is .


poorly exposed from set 224 to seC 229. The chert is well exposed from set
236 to set 254. .


Dense~ obscurely bedded sandstone is exposed from Station 214+07
(set 254) to Station 217+05 (set 3S8)--P~gels "second sandstone. 'I It is *.


fractured in places, but was fi~ anoug~ Co stand without lagging in parts
of the pilot tunnels. On the north side of the tunnel sheared, wet sandstone
wi:h an inclusion of cher~ and sc~e bit~~inous material was exposed in the
north wall plate drif~) bu~ this exposure is now obscured by the steel sets.
Tne sands~one can be seen tr.roughou~ i~s leng~h between the steel sets on the
south side of the tunnel. Faint bcdding can be seen striking N. 250-300 W.,
dipping 500 SW. between sets 310 and 311.


1
~. Claremont chert and shale of middle Miocene age extends from St~tion


2~+05 (steel set 358) to Station 228+60 (~imber set 233, soucb wall plate
drift). Sandstone dikes and bodies of sandstone that may be either dikes or
sandstone lenses within che cher~ are exposed from steel set 371 eastward.. At set 528 tb~ cher~ can be seen dippin~_southwest. Chert and shale are.
well exposed ~n che sou~h wall plate dr~~~ east of the jumbo. The cher~ ~s
badly shaared in places, and the timbering in these spots is heavier--note
particularly the spiling in the roof of the drif~. A diabase dike in cher~
can be seen i~ no. 3 car pass at Station 227+25; this is the largest diabase
dike e.xposad in the tunnel.' .-


rne contact between the Claremont Shale and the Orinda Formation is at
S~a~ion 228+60 (~imber set 233). There is some sheaTing at the contacC,
which di?~ ~O the southwest. The formations are overturned, with the younger
Orinda Fo~a~ion underlying cha C1aremon~ ~hert. The Orinda Formation, con-
sisting predominantly of sandstone, shale, and conglomerate excends from here
to the easC portal of the tunnel. Note bituminous material a fe~ feet east
of the Claremont Shale -Orinda Formation contact, on the north wall of the
south wall plate drift. Beddin; is indistinct.; ~he fomation dips to t:he
souch\vest from the cont.acc to the east portal of the t\mnel; the dip reverse.
jusc east of the east portal. Pliocene vertebrate fossils were found in the
crown drift near the east portal at Station 13~0.


The Wildcat fault is shown on two I:IapS of this area--Lawson's (1914,
SF folio) and Untermann's (1935, U.C. master's thesis). It was no~ shown by
Page or C4se (1963) U.C. doctor's thesis). Untermann showed it at the
boundary becween the Claremont Shale and an underlying sand$~one; Lawson
showed it within the Clarement Shale. There is much shearing of most of che
formations exposed in the tunnel, and it has not been possible to iden~ify
a. specific shear zone as the Wildcat fault. ..-
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1 Construction Records for Existing Tunnel Bores 


• See Appendix A for the following* 
• Existing Information Report (Jacobs Associates, 2005) for summaries of 


construction records for existing Caldecott Tunnels. 
• Appendix B of Preliminary Geotechnical Report (EMI, 2003) for observations 


in Bore 3 by Radbruch, D.H. (1964), Log for Field Trip through Caldecott 
Tunnel, Berkeley Hills, CA, USGS Open-File Report. 


• Detailed construction records obtained from State of California archives in 
Sacramento. 


 


                                                 
* Observations in Bores 1 and 2 by Page, B.M. (1950), Not provided electronically in 
Appendix A due to copyright restriction. This information is available in “Geology of the 
Broadway Tunnel, Berkeley Hills, CA,” Economic Geology, Vol. 45, No. 2. (1950).  
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