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


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


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


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


 Excavation progress 


 Equipment used 


 Groundwater conditions 


 Geology (limited to general rock type descriptions) 


 Ground behavior 
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 Groundwater control methods (e.g. pressure grouting) 


 Initial support types and spacings 


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


DEFINITION OF GROUND CONDITION TERMS SPECFIC TO EIT 
While the majority of ground condition terms discussed in this appendix are defined in the GBR, 
the following terms that are included in the construction records require additional definition. 


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


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


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


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


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


TYPES OF INITIAL GROUND SUPPORT 
Based on the available records (which are incomplete), the initial ground support for the existing 
Irvington Tunnel ranged from light (defined herein as Category I) to heavy (defined herein as 
Category III), depending on the quality of the rock mass and the amount of groundwater inflow.  
The types of initial ground support reported included spiling (undefined type) and timber support 
sets composed of timbers with cross-sectional dimensions ranging from 8-inch by 8-inch sections 
to 12-inch by 12-inch sections.  Crown bars and timber lagging between timber sets were 
reported extensively along the alignment to advance the tunnel.  Spiling, where used, appears to 
be in addition to crown bars.  Support spacing ranged from 4 feet to 7 feet.  Spiling was 
commonly installed in areas of adverse ground conditions (caving, raveling, and running ground) 
to permit the advance of tunneling.  Similarly, breastboarding was often used to support the 
tunnel face and prevent collapse in areas of adverse ground conditions. 
Table A-1 lists the types of initial ground support used during construction of the existing 
Irvington Tunnel.  Figure A-1 identifies the interpreted spatial distribution by type of initial 
ground support installed during construction, as well as the locations where breastboarding and 
spiling were required. 
Information on initial ground support was not present in the available records for long segments 
of the existing tunnel.  Based on the presence of high groundwater inflows and adverse ground 
conditions along a significant length of these undocumented segments, it is likely that heavy 
initial ground support and spiling were required to advance tunnel excavations. 


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


 Rock type by station 


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


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


 Location of concrete bulkheads that were constructed for tunnel grouting 


 Location of soft ground 


 Location of running (flowing) ground 


 Areas where breastboarding was required to advance the heading (where documented) 


 Segments where squeezing (heavy) ground was identified 


 Initial ground support type by station 


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


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


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


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


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


Cretaceous Sandstone and Shale (Approximately Sta. 1528+29 to Sta. 1563+41) 
Cretaceous-age sandstone and shale consists primarily of shale, although sandstone was 
encountered between the Alameda West Portal and Sta. 1533+40.  Both the sandstone and shale 
are highly fractured (blocky and seamy with crushed zones), but the shale also commonly 
contains gouge and clay.  The tunnel geologic report (Willis, 1932) noted localized zones of 
large concretions (described as “boulders” in clay) within the Cretaceous bedrock. 


Breastboarding was used to stabilize the tunnel face during the majority of the excavation in 
shale, indicating extremely poor (raveling) ground conditions.  Type III initial ground support 
was required over most of this tunnel segment to support the excavation (see Table 1). 
Groundwater inflow along this segment was minimal (approximately 60 gpm where data are 
available), indicating relatively impermeable shale bedrock.  Groundwater inflow in the initial 
sandstone section is not reported. 
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A total of 390 feet of soft ground was documented between about Sta. 1549+37 to 1552+04 and 
between Sta. 1556+21 and 1557+43 in the Cretaceous Sandstone and Shale.  About 35 feet of 
running ground was observed between Sta. 1542+59 and 1542+24 and about 60 feet of “heavy” 
(squeezing) ground was encountered between Sta. 1553+33 and 1553+95. 


Pirate Creek Fault (Approximately Sta. 1563+41 to 1563+61) 
The exact location of the mapped Pirate Creek fault is difficult to identify from the EIT 
construction inspection records.  At the probable fault location, the records show no apparent 
change in the type of bedrock material (shale) and no significant groundwater infiltration; 
however, the presence of a 20-foot long segment of highly fractured shale and 
swelling/squeezing ground could indicate the presence of the Pirate Creek Fault.  Type III initial 
ground support was installed within this zone. 


Claremont Formation Chert and Shale Member and Sheridan Creek Fault Zone 
(Approximately Sta. 1563+61 to 1570+25) 
The Claremont Formation Chert and Shale Member extends from the west side of Pirate Creek 
fault through the entire approximately 375-foot wide Sheridan Creek Fault zone.  The unit, 
which is characterized by extremely poor ground conditions, primarily consists of “shale” 
(predominantly porcelaneous shale and chert).  The rock was generally described as “broken” 
and “badly broken with gouge” (blocky and seamy to crushed).  On the east side of the Sheridan 
Creek Fault zone, 60 feet of “heavy” (squeezing) ground was observed between about Sta. 
1565+80 to 1566+40.  The inspection records stated that the ground “…develops some pressure 
and the bottom comes up badly” in this interval.  On the east side of the Sheridan Creek Fault 
Zone (at approximately Sta. 1566+40), the first significant EIT groundwater inflow (400 gpm) 
occurred.  This groundwater inflow caused caving and running ground conditions in fractured 
shale bedrock with gouge.  Running (flowing) ground conditions continued throughout the 
Sheridan Creek Fault Zone (to approximately Sta. 1570+15).  Two concrete bulkheads were 
placed for grouting at Sta. 1570+05 and 1570+15 on the western edge of the Sheridan Creek 
Fault Zone to reduce groundwater inflow into the tunnel and allow grouting of the tunnel face. 
Very little information on initial ground support and grouting is available in the inspection 
records for the fault zone.  Spiling and breastboarding were used during the excavation of this 
segment.  The records also describe using a small top heading excavation to advance the tunnel 
in the middle portion of the fault zone (approximately Sta. 1568+11 to Sta. 1569+04).  Type III 
initial ground support was installed to the east of the fault zone. 


Oursan Sandstone (Approximately Sta. 1570+25 to 1573+80) 
Based on the EIT inspection records, the Oursan Sandstone consists of hard, broken (very blocky 
and seamy) sandstone.  About 70 feet of running ground conditions, including 30 feet of soft 
ground (clay) were documented in the Oursan Sandstone at the contact with the Tice Shale.  No 
construction inspection records were found that described the types of initial ground support that 
were used to support tunnel excavations within the Oursan Sandstone. 
As the westbound tunnel penetrated the western edge of the Sheridan Creek Fault zone into the 
fractured sandstone bedrock of the Oursan Sandstone, heavy groundwater inflow (900 gpm) into 
the tunnel excavation occurred.  It is hypothesized that the less permeable Claremont Formation 
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shale acted as an aquitard for the highly permeable Oursan Sandstone and the heavy groundwater 
inflows occurred when this aquitard was penetrated during tunneling.  Limited grouting was 
performed within this unit. 


Tice Shale (Approximately Sta. 1584+80 to Sta. 1591+60) 
The eastern segment of Tice Shale between Sta. 1584+80 and Sta. 1591+60 is characterized in 
the EIT records as broken (blocky and seamy) sandstone to approximately Sta. 1585+90.  The 
Tice Shale then consists of broken shale with clay seams (very blocky and seamy rock) west to 
the contact with the Briones Formation at approximately 1591+60.  A limited zone of squeezing 
(heavy) ground was encountered within the sandstone between Sta. 1584+31 and 1584+83.  
Breastboarding was used to advance tunneling through this zone, where localized soft/running 
ground conditions were also observed.  No construction inspection records were found that 
described the types of initial ground support that were used to support tunnel excavations within 
the Tice Shale. 
Heavy groundwater inflows were recorded during the excavation throughout the Tice Shale.  
Significant grouting was performed to reduce groundwater inflows at several locations within the 
sandstone segment of the Tice Formation, including the installation of a grouting bulkhead Sta. 
1585+70 and at Sta. 1585+98 at the contact between the sandstone and the shale.  Inflows 
peaked at 1,300 gpm in a 50-foot wide fault zone between about Sta. 1584+31 and 1584+79 that 
was identified during construction.  Geologic mapping (Willis, 1932) during construction 
identified the feature as dipping steeply to the west. 


Briones Formation (Approximately Sta. 1591+60 to Sta. 1644+70) 
The Briones Formation forms the core of the Niles Syncline (a trough of folded rock strata) that 
underlies the central segment of both the EIT and NIT alignments. The westbound tunnel drive 
encountered the Briones Formation at about Sta. 1591+60 and the eastbound tunnel drive 
encountered the Briones Formation at about Sta. 1644+70.  The two tunnel drives connected or 
“holed through” at Sta. 1616+00 in this unit. 
The Briones Formation was characterized in the construction reports as interbedded sandstone 
and shale with zones of “hard” (highly indurated) sandstone and variable amounts of gouge and 
clay.  Based on construction records, the majority of the bedrock along this segment of the 
alignment was commonly described as blocky to broken (blocky and seamy to very blocky and 
seamy); however relatively massive (moderately jointed) zones were also observed.  


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


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


Heavy groundwater inflows were encountered within the Briones Formation between Sta. 
1603+41 and 1611+20, between Sta. 1614+10 and 1616+40, and between Sta. 1620+70 and 
1630+70.  Based on construction records, heavy groundwater inflows were encountered when 
tunneling from relatively impermeable shale bedrock into permeable sandstone bedrock, as at 
Sta. 1606+25 and Sta. 1614+20.  The heaviest groundwater inflows (up to 700 gpm) were 
recorded at approximately Sta. 1630+50 near the axis of the Niles Syncline.  Heavy groundwater 
inflows were encountered within highly fractured sandstone beds and within mapped fault zones. 
Information on initial ground support is extremely limited for the interval between the eastern 
boundary of the Briones Formation (approximately Sta. 1591+60) and the end of the Alameda 
West drive (Sta. 1616+00).  Spiling was used in conjunction with breastboarding to excavate and 
support the tunnel between Sta. 1613+00 and the end of the drive. No additional information on 
the ground support was included in the inspection records for this tunnel interval. 


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


Tice Shale and Unnamed Fault (Approximately Sta. 1644+70 to Sta. 1650+50) 
The Tice Shale on the west side of the Niles Syncline is bounded by the Briones Formation to the 
east and the western edge of the Unnamed Fault to the west.  Between about Sta. 1644+70 and 
1648+14, the Tice Shale was described as soft sandstone and shale.  Between Sta. 1648+20 and 
1650+50, the Tice Shale and Unnamed Fault Zone consisted of “broken” shale with clay seams 
(very blocky and seamy), based on inspection records.   
Heavy groundwater inflows (up to 1,490 gpm) were observed during the excavation of the 
approximately 110-foot wide Unnamed Fault zone (approximately Sta. 1649+40 to 1650+50).  
The width of the fault is estimated based on the location of significant flush flows into the EIT 
excavation.  Grouting was conducted and three concrete bulkheads were constructed to reduce 
groundwater inflows.  Only Type I and II initial ground support was used within the fault zone.  
No squeezing, running, or caving ground was documented in this zone. 


Claremont Formation (Approximately Sta. 1650+50 to Sta. 1686+00) 
The Claremont Formation on the west side of the existing Irvington Tunnel alignment consists of 
the younger Chert and Shale Member and the older Sandstone Member.  The older Sandstone 
Member forms the core of an anticline (convex-upward folded rock strata) that trends northwest 
to southeast across the I-680 corridor in the vicinity of the tunnel alignments.  Due to the offset 
between the NIT and EIT tunnel alignments in this area, there is no linear correlation between 
the ground conditions in the EIT and those expected along the NIT.  Additionally, the contacts 
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between the Chert and Sale member and the Sandstone member cannot be determined from the 
EIT records, as both units contain a mixed lithology of sandstone and shale.  Thus, only the 
combined Claremont Formation will be discussed in this section. 
In general, the Claremont Formation sandstone and shale were described in inspection records as 
“shattered” and “finely broken” (crushed), although some “broken” (very blocky and seamy) 
zones were recorded.  Clay and fault gouge are present within the majority of the Claremont 
Formation in the I-680 area.  Between Sta. 1663+20 and Sta. 1666+50, “bad ground” consisting 
of about 320 feet of wet, soft, yellow clay (interpreted to be completely weathered rock) was 
encountered within the Claremont Formation in an area of low ground cover near the old 
Mission Creek. 


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


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


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


Mill Creek Fault (Approximately Sta. 1686+00 to Sta. 1688+05) 
The Mill Creek fault zone is approximately 200 feet wide and is identified by highly fractured 
sandstone bedrock and fault gouge that separates the Claremont Formation from the Briones 
Formation.  A 90-foot-thick section of black gouge was observed between Sta. 1686+00 and Sta. 
1686+90.  Groundwater inflows of up to 150 gpm were observed in the black gouge zone. 
Caving ground conditions were encountered over the length of the fault zone.  These caving 
conditions significantly slowed tunnel excavation in this segment of the tunnel.  Claremont 
Formation chert within tunnel excavations was described as being “very short or in small cubes,” 
consistent with surface outcrops of this unit observed elsewhere. 


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


Briones Formation (Approximately Sta. 1688+05 to Sta. 1710+21) 
Briones Formation rock encountered between the Irvington Portal and the Mill Creek fault zone 
predominantly consists of “soft” to “fairly hard” sandstone with “seams” of clayey gouge or 
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sheared rock.  The bedrock is described as “very blocky” which is interpreted as representing a 
very blocky and seamy ground conditions. 


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


Limited information is available on initial ground support within this portion of the Briones 
Formation.  No information on initial ground support (including the use of spiling or 
breastboarding to support tunnel excavations) was identified between Sta. 1694+00 and the 
Irvington Portal.  Type I (light timber support sets) initial support was installed between Sta. 
1688+00 and 1694+00.  Type III-S (heavy timber support sets with spiling) initial ground 
support was installed adjacent to the Mill Creek fault zone (Sta. 1688+00 to Sta. 1687+91). 


References 
URS (URS Corporation), 2007. Summary of Irvington Tunnel No. 1 Construction Data: New 


Irvington Tunnel Project. Draft Technical Memorandum 8.01B, prepared for the San 
Francisco Public Utilities Commission, June. 


Willis, B., 1932. Hetch Hetchy Tunnels Coast Range Division Geology, 1930–1932: Geological 
Report Prepared for the Hetch Hetchy Water Supply, Power, & Utilities Engineering 
Bureau. 
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Table A-1   Categories of Initial Ground Support Used in Existing Irvington Tunnel 


Category Description Type Timber Set Size Longitudinal 
Spacing 


I Light Timber Sets 
8 in x 8 in 5 ft 


10 in x 10 in 7 ft 
12 in x 12 in 7 ft 


I-S Light Timber Sets and Spiling 10 in x 10 in 7 ft 


II Moderate Timber Sets 
10 in x 10 in 5 ft, 6 ft, and 


unknown spacing 
12 in x 12 in 6 ft 


II-S Moderate Timber Sets with Spiling 
10 in x 10 in 5 ft and 6 ft 
12 in x 12 in 6 ft 


III Heavy Timber Sets 


10 in x 10 in 4 ft 


12 in x 12 in 4 ft, 5 ft, and 
unknown spacing 


16 in x 16 in 4 ft 
“close timbering” 


III-S Heavy 
Timber Sets 


10 in x 10 in 4 ft 
12 in x 12 in 4 ft, 5 ft 
16 in x 16 in 4 ft 


Circular Timber Sets with 
Spiling 12 in x 16 in 5 ft 
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Figure B-1. Histogram of UCS Values for Cretaceous Sandstone Shale Formation (Ks)
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Figure B-2. Histogram of UCS Values for Claremont Formation (Tcc and Tcs)
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Figure B-3. Histogram of UCS Values for Oursan (To) and Tice (Tt) Formations







60%


70%


80%


90%


100%


Pe
rc


en
t o


f T
es


ts


UCS: Briones Formation (Tbr) - East and West Portions 
All (154) Siltstone (14) Sandstone (136) Siltstone / Sandstone (4)


Lithology (Number of Tests - UCS  and PL combined)


0%


10%


20%


30%


40%


50%


35-150              
Extremely Weak


150-700                     
Very Weak


700-3,600                       
Weak


3,600-7,200                     
Moderately Weak


7,200-14,500                          
Strong


14,500-36,000                         
Very Strong


>36,000                               
Extremely Strong


Pe
rc


en
t o


f T
es


ts


UCS (psi)
Figure B-4. Histogram of UCS Values for Briones Formation (Tbr)







 C-1


 
 
 
 
 
 
 
 
 
 


APPENDIX C 
 


Histograms of RQD, Q, and RMR by Geologic Formation 
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Table C-1 Rock Mass Quality Classification Based on RQD Index 
Rock Mass Quality  RQD Index 


Very Poor 0 – 25 
Poor 26 – 50 
Fair 51 – 75 


Good 76 – 90 
Excellent 91 – 100 


      Source: Deere and Deere 1988. 
 


Table C-2 Rock Mass Quality Classification Based on Q Index 
Rock Mass Quality  Q Index 
Exceptionally Poor 0.001 – 0.01 


Extremely Poor 0.01 – 0.1 
Very Poor 0.1 – 1.0 


Poor 1.0 – 4.0 
Fair 4.0 – 10.0 


Good 10.0 – 40.0 
Very Good 40.0 – 100.0 


Extremely Good 100.0 – 400.0 
Exceptionally Good > 400.0 


      Source: Barton et al. 1974. 
 


Table C-3 Rock Mass Quality Classification Based on RMR Index 
Rock Mass Quality  RMR Index 


Very Poor < 21 
Poor 21 – 40 
Fair 41 – 60 


Good 61 – 80 
Very Good 81 – 100 


      Source: Bieniawski 1988. 
 


References 
Barton, N., Lien, R., and Lunde, J., 1974. “Engineering Classification of Rock Masses for 


the Design of Tunnel Support.” Rock Mechanics 6(4):189–236.  
Bieniawski, Z. T., 1988. “The Rock Mass Rating (RMR) System (Geomechanics 


Classification) in Engineering Practice.” In: Rock Mass Classification Systems for 
Engineering Purposes, L. Kirkaldie, ed., 17–101. Philadelphia, Penn.: American 
Society for Testing of Materials, ASTM STP 984. 


Deere, D.U., and Deere, D.W., 1988. “The Rock Quality Designation (RQD) Index in 
Practice.” In: Rock Classification Systems for Engineering Purposes, L. Kirkaldie, 
ed., 91–101. Philadelphia, Penn.: American Society for Testing of Materials, 
ASTM STP 984. 
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Figure C-1. Histogram of RQD Values for Cretaceous Sandstone and Shale (Ks)
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Figure C-2. Histogram of RQD Values Claremont Formation (Tcs and Tcc)
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Figure C-3. Histogram of RQD Values for Oursan and Tice Formations (To and Tt)
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Figure C-4. Histogram of RQD Values for Briones Formation (Tbr)
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Figure C-5. Histogram of Q Values for Cretaceous Sandstone and Shale (Ks)







60%


70%


80%


90%


100%


Pe
rc


en
t o


f T
ot


al
 A


na
ly


ze
d 


Le
ng


th


Q: Claremont Formation
Sandstone Chert and Shale


Total Analyzed Length: 
Sandstone: 435 feet (157 runs)
Chert and Shale: 732 feet (187 runs)


0%


10%


20%


30%


40%


50%


0.001 to 0.01                         
Exceptionally 


Poor


0.01 to 0.1                            
Extremely Poor


0.1 to 1                               
Very Poor


1 to 4                                        
Poor


4 to 10                                    
Fair


10 to 40                            
Good


40 to 100                      
Very Good


100 to 400                      
Extremely Good


>400                                 
Exceptionally 


Good


Pe
rc


en
t o


f T
ot


al
 A


na
ly


ze
d 


Le
ng


th


Q
Figure C-6. Histogram of Q Values for Claremont Formation (Tcs and Tcc)
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Figure C-7. Histogram of Q Values for Oursan and Tice Formations (To and Tt)
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Figure C-8. Histogram of Q Values for Briones Formation (Tbr)
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Figure C-9. Histogram of RMR Values for Cretaceous Sandstone and Shale (Ks)
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Figure C-10. Histogram of RMR Values for Claremont Formations (Tcc and Tcs)







60%


70%


80%


90%


100%


Pe
rc


en
t o


f T
ot


al
 A


na
ly


ze
d 


Le
ng


th


RMR: Oursan Sandstone and Tice Shale
Oursan Tice


Total Analyzed Length: 
Oursan: 168 feet (48 runs)
Tice: 239 feet (68 runs)


0%


10%


20%


30%


40%


50%


<21                                            
Very Poor


21 to 40                                                         
Poor


41 to 60                                                     
Fair


61 to 80                                                     
Good


81 to 100                                           
Very Good


Pe
rc


en
t o


f T
ot


al
 A


na
ly


ze
d 


Le
ng


th


RMR
Figure C-11. Histogram of RMR Values for Oursan and Tice Formations (To and Tt)
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Figure C-12. Histogram of RMR Values for Briones Formation (Tbr)
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Figure D-1. Histogram of Packer Test Results for Cretaceous Sandstone Shale Formation (Ks)
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Figure D-2. Histogram of Packer Test Results for Claremont Chert Shale Formation (Tcc)
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Figure D-3. Histogram of Packer Test Results for Oursan Formation (To)
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Figure D-4. Histogram of Packer Test Results for Briones Formation (Tbr)
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Figure E‐1. Discontinuity Types for all Formations
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Figure E-2. Discontinuity Surface Conditions for all Formations
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Figure E-3. Discontinuity Apertures for all Formations
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Figure E-4. Discontinuities with Clay Infillings for all Formations
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DISCONTINUITY SPACING: Cretaceous Sandstone and Shale


Total Analyzed Length: 1258 feet (346 runs)                         
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Figure E-5. Discontinuity Spacing for the Cretaceous Sandstone and Shale (Ks)
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DISCONTINUITY SPACING: Claremont Formation
Sandstone Chert and Shale


Total Analyzed Length: 
Sandstone: 435 feet (157 runs)
Chert and Shale: 732 feet (187 runs)
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Figure E-6. Discontinuity Spacing for the Claremont Formation (Tcs and Tcc)
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DISCONTINUITY SPACING: Oursan and Tice Formations 
Oursan Tice


Total Analyzed Length: 
Oursan: 168 feet (48 runs)
Tice: 239 feet (68 runs)
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Figure E-7. Discontinuity Spacing for the Oursan and Tice Formations (To and Tt)
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DISCONTINUITY SPACING: Briones Formation
Combined West Portion East Portion


Total Analyzed Length: 
West Portion: 452 feet (116 runs)
East Portion: 2661 feet (651 runs)
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Figure E-8. Discontinuity Spacing for the Briones Formation (Tbr)
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Summary of Previous Tunnel Projects
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This appendix provides information on previous tunneling in some of the geologic formations, 
such as Briones and Claremont Formations, that will be encountered during the NIT 
construction. Six previous tunnels are discussed. These tunnels are the Mission Tunnel, 
Caldecott Tunnel Bore Nos. 1, 2, and 3, the Berkeley Hills BART Tunnels, and the Claremont 
Tunnel. While previous tunnel experience is important for understanding the behaviors of similar 
geologic materials, it is noted that the applicability of past experience may be limited by 
differences in excavation and support methods, among other factors, as ground behaviors and 
support requirements are dependent on excavation and support methods.  


Some important lessons learned during the construction of these tunnels include: 


 Significant lateral pressures must be expected due to gravitational forces and the 
generally fractured and faulted rock mass. 


 Running ground in the intensely fractured portions of the Claremont Formation that 
require breastboards and spiling. 


 Potential for encountering flammable gas and oil in the Claremont Formation. 


 Variable, irregular distribution of rock mass quality that makes construction planning 
difficult. 


 Numerous rock units with a potential for a multitude of unstable rock contacts. 


 Hydrothermally altered diabase dikes that exhibited weak, plastic behavior, and a 
tendency for caving in the tunnels. 


F.1 MISSION TUNNEL  
Constructed in 1963 and 1964, the Mission Tunnel is located about a half mile north of the EIT, 
at about El. 590 feet (see Figure 2).  The Mission Tunnel is 3,485 feet long and has a 7.5-foot 
diameter cast-in-place, unreinforced concrete lining (Woodward-Clyde Consultants, 1991; 
CDWR, 1966). 


The tunnel was excavated in an 11-foot wide horseshoe-shaped section using drill-and-blast 
methods.  It encountered about 1,700 feet of fractured to massive siltstone and sandstone and 
1,800 feet of highly fractured to massive sandstone both from the Briones Formation.  Most of 
the tunnel was supported with steel ribs on a 5-foot spacing with timber lagging. Timber crown 
bars were used to control overbreak in the fractured sandstones and jump sets were used for a 10-
foot thick section of squeezing ground. Approximately 700 feet of the tunnel was unsupported. 
Groundwater inflows peaked at 500 gpm and decreased to 200 gpm over a 3-month period.  A 
maximum flush flow of 800 gpm was recorded. The Mission Tunnel apparently did not 
encounter any gas.  


F.2 CALDECOTT TUNNEL BORE NOS. 1 AND 2 
Caldecott Tunnel Bore Nos. 1 and 2 are horseshoe shaped and have excavated dimensions of 
approximately 36 feet wide and 34 feet high. The lengths excavated were approximately 3,000 
feet. The construction of these tunnels began in 1934 and was completed in 1937 (Caltrans 1931-
2004; JA, 2005).  
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The tunnels cross the Sobrante, Claremont, and Orinda formations. During tunnel excavation in 
the Claremont formation, the ground condition was reported as highly variable with occasionally 
running ground encountered which required heavy timber supports and breast boarding. The 
tunnel excavation used a series of drifts around a central core. A timber arch was constructed 
within these drifts to support for the full tunnel section. The number of drifts and their extent 
changed along the tunnel. The core of rock remaining in the center of each bore was removed in 
successive stages after serving as support for the drifts and providing support for the tunnel face.  
Two cave-ins occurred during the construction of the 2nd Bore (Page, 1950). The first cave-in 
occurred during replacement of timbers to allow for the full thickness of concrete lining. The 
cave-in occurred in the Preliminary Chert at its contact with the Second Sandstone. The cave-in 
extended to the ground surface 100 feet above the tunnel, resulting in a sink hole developing at 
the surface.  


The second cave-in occurred in the 2nd Bore under the highest point of the hill. The cave-in was 
caused by the weakness of a hydrothermally altered igneous dike 3 inches to 11 feet wide, which 
occurred in a fault zone.   
The ground was damp in most of the tunnel during the excavation, but occasionally yielded a 
groundwater flow of up to 250 gpm. This flow of water fell to 25 gpm after 5 days.         


F.3 CALDECOTT TUNNEL BORE NO. 3 
Caldecott Tunnel Bore No. 3, constructed from 1961 to 1964, is a horseshoe shaped tunnel 
(Caltrans 1931-2004; JA, 2005). The excavated dimensions of Bore No. 3 are 47 feet wide and 
40 feet high. The total excavation length is 3,200 feet.   


The geologic conditions encountered in Bore No. 3 were very similar to those in Bore Nos. 1 and 
2. During construction, the ground conditions in the Claremont formation was characterized by 
numerous shallow shear failure or block failure behaviors and heavy ground conditions.  
Bore No. 3 was excavated using advancement of top heading wall plate drifts followed by a top 
heading and bench excavation sequence. Wall plate drifts were carried ahead of the main tunnel 
excavation to install wall plates to support the top heading steel ribs. A crown drift was also used 
at the west portal area. The top heading drive from the west portal used a breast board jumbo and 
extended 2,015 feet. A shield was used on the top heading drive from the east portal to excavate 
the remaining 1,285 feet. The top heading was completed from portal to portal prior to bench 
excavation. Benching was preceded by drilling of 2-foot-diameter holes to the bottom of the 
footing grade, in which concrete pilasters were constructed to support the top heading wall 
plates.  


Ground water inflow was not reported as a major issue during the construction of Bore No. 3. 
The average sustained inflows throughout construction were approximately 30 gpm, with 
isolated sustained flows of 25 to 50 gpm in the Claremont formation.      


F.4 BERKELEY HILLS BART TUNNEL 
The BART tunnels, constructed from 1965 to 1967, are horseshoe shaped tunnels excavated 
about 21 feet wide and 21 feet high (Bechtel, 1968). The tunnels encountered the Sobrante, 
Claremont, and Orinda formations. The Claremont Formation chert was characterized as thinly 
bedded and closely fractured with a low to moderate hardness. Approximately 50 feet of the 
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Berkeley Hills BART tunnels was constructed in faulted and sheared ground within the Orinda 
Formation east of the fault contact with the Claremont Formation.  


The BART Tunnels were excavated in full face using conventional excavation methods (mostly 
drill-and-blast) with typical round lengths of 4 feet. The initial support was provided by 8-inch-
wide flange steel sets at 2 to 4 feet spacing. Crown bars, spiling, breastboards, and invert struts 
were installed as required in about 50 percent of the Claremont Formation encountered in the 
tunnel (Bechtel, 1968). In faulted and shears ground encountered, split spacing of steel sets was 
required.  


F.5 CLAREMONT TUNNEL 
The Claremont Tunnel, constructed from 2004 to 2007, is a 3.5-mile-long horseshoe-shaped 
tunnel located north of the BART Tunnels, with a finished diameter of 9 ft (Wilson et al., 2007). 
The Claremont Tunnel encountered the Claremont and Orinda Formations. Poor or difficult 
ground conditions in the Claremont Formation were encountered at the contact with the Wildcat 
Canyon Fault. The advance rate was between 197 and 607 feet per month. Although groundwater 
inflows were not measured during construction of the Claremont Tunnel, heavy or unusual flows 
were noted during tunnel construction. However, no unusual or heavy groundwater inflows were 
noted in the Claremont Formation.  


The Claremont Tunnel was excavated using full face drill-and-blast methods with round lengths 
of 4 to 6 feet. Initial support used in the Claremont Formation consisted of timber sets, ranging in 
size from 8 x 8 inch to 12 x 12 inch at a spacing of 6 feet.   
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1 Construction Records from Adjacent Projects 


See Construction Records for Existing Tunnel Bores and also Appendix A for 
available records from the Claremont Tunnel; Appendix B for available records from 
the BART Berkeley Hills Tunnel; and Appendix C for available records from the 
Irvington Tunnel. Additional information on the BART Berkeley Hills Tunnel is 
available in  
 


Brown, I., Brekke, T.L., Korbin, G.E. Behavior of the Bay Area Rapid Transit 
Tunnels through the Hayward Fault, USDOT, Urban Mass Transportation 
Administration, 1981 


 


   











