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I. INTRODUCTION 

 

A. PURPOSE 

This report evaluates the potential means of installing a new culvert under the existing 
Caltrain tracks at the former Bayshore Railyard in Brisbane, California.  The proposed culvert 
crossing is located at the south end of the former Bayshore Railyard, just north and west of 
the Kinder Morgan tank farm. The purpose of the new culvert is to provide adequate 
hydraulic capacity for future storm water conveyance from the railyard to the Central 
Drainage Channel. 

In addition to the proposed culvert crossing, this report evaluates the rehabilitation of the 
existing brick arch sewer for long term use (see Section III of this report). The existing brick 
arch sewer is located just to the south of the proposed culvert alignment and carries storm 
drain flows from Brisbane under the Caltrain tracks, to the existing Central Drainage Channel, 
which ultimately discharges to the San Francisco Bay.   

Preliminary drawings of some of the options that have been evaluated as part of this study are 
enclosed in Appendix A. 

 
B. CALTRAIN FACILITIES AND CURRENT OPERATIONS 

The new culvert will cross under five existing Caltrain tracks.  Starting from the west, the 
tracks are identified as the Visitation Lead, MT4, MT2, MT1 and MT3.  With the exception 
of the Visitation Lead, all the tracks are mainline tracks that carry commuter rail traffic. 

Caltrain operates commuter rail service on the weekdays and a more limited passenger service 
on the weekends.  As of October 10, 2005, the weekday schedule included 48 northbound and 
48 southbound trains passing the proposed culvert crossing location each day.  The earliest 
commuter train passes the site at slightly after 5AM and the last commuter train passes the 
site at approximately 12:15AM.  The weekend schedule has 16 northbound and southbound 
trains on Saturdays and 14 northbound and southbound trains on Sundays.  Additional trains 
are sometimes added on Giants’ game days and for other special events. 

Union Pacific also transports freight on these tracks (sometimes in the overnight hours).  
Other miscellaneous trains (such as trains supporting Caltrain construction projects) 
periodically operate on the tracks as well. 

Caltrain has reviewed their operations and determined that only two mainline tracks (either 
MT2 and MT4 or MT1 and MT3) can be shut down over a limited number of weekends in the 
vicinity of the proposed culvert crossing.  During these weekend track outages (each of which 
would have a total duration of between about 48 and 52 hours) train traffic would operate on 
only two of the mainline tracks. 
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In order for Caltrain to temporarily operate on only the two eastern or western mainline tracks 
over a weekend, a temporary platform will be needed at the Bayshore Station (the station 
immediately to the north of the proposed culvert crossing).  The cost of this platform is 
considered in this evaluation. 

The limitations on track closures and the requirement for a temporary platform at the 
Bayshore Station were confirmed during a December 2005 meeting with Caltrain.  Based on 
discussion with Caltrain, the Visitacion Lead can be taken out of service for a limited period 
of time to accommodate the culvert construction.  The one time of year (varies from year to 
year) when this track may not be taken from service is when the circus is in town and the 
track is needed for storage of the circus trains.  The maximum period of time that this track 
will be permitted to be out of service is not yet defined, but should not pose a major 
impediment to the culvert construction.   
 

C. BRIEF SUMMARY OF GEOTECHNICAL CONDITIONS IN VICINITY OF PROPOSED 
CULVERT 

Geotechnical exploration has been performed by Michelucci & Associates, Inc. in the vicinity 
of the proposed culvert crossing. The report is included in Appendix B. It appears that, in 
general, the site is underlain by about 10 feet of fill.  The fill under the Railyard is a 
heterogeneous mixture of soil, refuse, and debris that was generated by the clean up after the 
1906 earthquake.  Fill may also consist of materials deposited in the old Brisbane Landfill 
which occupies the area to the east of the Railyard.  In some areas the fill is underlain by Bay 
Mud (very soft to soft gray silty clay) and some sandy alluvial deposits.  The soils are 
underlain by Franciscan Formation bedrock (commonly sandstone with some siltstone).  In 
general, the thickness of the Bay Mud and the depth to bedrock appear to increase to the north 
and east. 

There is limited evidence that the existing brick arch culvert is founded on the Franciscan 
Formation bedrock, and that bedrock is present at or quite near the ground surface just to the 
south of the existing brick arch culvert. 

Obstructions are known to be present in the fills that underlie the site.  Pile driving at 
Caltrain’s Bayshore Station (located at the north end of the Railyard) proved to be very 
difficult due to encountering obstructions.  The potential for obstructions to be encountered in 
the fill along the culvert alignment at the proposed crossing presents one of the biggest 
challenges for installing a shallow culvert through the fill soils. 

Additionally, Burns and McDonnell drilled 3 soil borings in the vicinity of the proposed 
culvert to primarily locate bedrock in this area. The results are presented in the “Bedrock 
Investigation Report” included in Appendix C of this report.  

Due to the possibility of obstructions in the immediate vicinity of the proposed crossing and 
the precise depth and configuration of the top of bedrock, additional geotechnical 
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investigation is necessary to complete this project. Scope of such work is to be determined in 
the future. 
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II. SUMMARY OF OPTIONS EVALUATED 

 

Two basic options for installing the new culvert have been considered in this study.  The first 
option consists of a shallow culvert (either a box or pipe culvert).  The second option is a 
deeper inverted siphon. 

The proposed shallow culvert installation is the option that was proposed by Caltrain in fall of 
2004.  Per Caltrain staff recommendation, under this option the plan would be to create a 
"cleared path" for jacking a box or pipe(s) under the tracks.  The path for the jacking would be 
cleared of obstructions by excavating out the existing materials and backfilling with an 
engineered material that would provide a stable medium through which the jacked conduit 
installation would be performed.  The engineered material would be capped with geotextile 
reinforced base material and then the ballasted track would be restored.  The culvert box or 
pipe(s) would then be jacked through the engineered material between pits located on either 
side of the tracks.  Weekend track outages would be employed to excavate and replace the 
existing fill soil.  This option is discussed in more detail in Section V below. 

The second option consists of a deeper, lined tunnel under the Caltrain tracks that would be 
driven between two vertical shafts (inverted siphon).  The vertical alignment of the shaft will 
be chosen to ensure that the tunnel is excavated in the Franciscan Formation bedrock that 
underlies the site.  Based on our current understanding of the project, this option requires no 
track outages for construction of the culvert; therefore, there would be minimal impact on 
Caltrain’s operations.  This option is discussed in more detail in Section VI below. 

Each of the options outlined above has been evaluated with and without the existing brick 
arch culvert in service. 

The following table summarizes the options that have been evaluated in this report. 

TABLE 1- LIST OF OPTIONS 
Option No. Description 

1A Shallow box culvert with rehabilitated brick arch 

1B Shallow box culvert with brick arch abandoned 

2A Shallow pipe culvert with rehabilitated brick arch 

2B Shallow pipe culvert with brick arch abandoned 

3A Inverted siphon with rehabilitated brick arch 

3B Invert siphon with brick arch abandoned 
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III. REHABILITATION (SLIP LINING) OF EXISTING BRICK ARCH SEWER 

 

A. DESCRIPTION OF EXISTING BRICK ARCH SEWER 

The existing brick arch sewer currently passes under the existing Caltrain tracks on an 
alignment that is skewed at about 40 degrees to the tracks.  The approximate alignment of the 
existing brick arch culvert is illustrated on enclosed Drawing DC-1.  A typical section through 
the existing brick arch sewer is shown on Drawing DC-2.  The sewer has a U-shaped concrete 
invert and a semi-circular brick arch.  Per an original construction drawing for the sewer, the 
existing conduit is 8 feet wide and 7 feet-6 inches high. 

Based on a video inspection of the sewer performed in 2002-2003, the existing brick arch 
appears to be in reasonably sound structural condition.  Previously, Caltrain has expressed 
concern about the anticipated long-term performance of the brick arch if it were to remain in 
service.  Given the age of the structure, structural rehabilitation of the existing brick arch 
sewer is recommended it is it to remain in service for the long-term.  

Slip lining is a relatively commonly used and straight-forward process used to rehabilitate 
buried conduits.  The process of slip lining is discussed in more detail in the following 
section. 

 
B. SLIP LINING PROCESS 

Slip lining is a process that is used to rehabilitate buried conduits.  The process involves lining 
the existing conduit with a smaller diameter pipe.  Pipes fabricated from several different 
materials are used for slip lining: the choice of pipe material depends on the size of the 
conduit being lined, the type of conduit being lined, and the performance characteristics 
required of the completed installation.  For this application, the most appropriate slip lining 
material will likely be either high-density polyethylene (HDPE) or centrifugally cast, glass-
fiber-reinforced, polymer mortar (CCFRPM) pipe.  Both of these pipe types are extremely 
smooth, so they provide excellent hydraulic performance. 

The liner pipe is either pushed or pulled into place through an access opening into the existing 
conduit.  The slip lining process can be performed with some flow in the existing culvert, so 
diversion pumping should not be needed during the rehabilitation process.  After the liner pipe 
has been installed, the annular space between the liner pipe and the host conduit is grouted.  
Lightweight cellular grout is typically used for this purpose. 

For this application, the liner pipe would likely be limited to a maximum nominal diameter of 
78 inches to allow placement within the existing 8 foot  brick arch culvert.  As shown on 
Drawing DC-1, the length of the existing brick arch culvert that will be slip lined is estimated 
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to be approximately 180 feet long.  Sections showing the geometry of the existing brick arch 
and the slip lined brick arch are provided on Drawing DC-2. 

Our December 2005 meeting, Caltrain indicated that slip lining is an appropriate means of 
rehabilitating the existing brick arch for long term use. 

 
C. PRELIMINARY HYDRAULIC ANALYSIS OF REHABILITATED BRICK ARCH SEWER 

Preliminary hydraulic analysis indicated that the reduction of flow area resulting from the slip 
lining will not reduce the flow capacity of the existing brick arch culvert because the liner 
pipe is so much smoother than the existing culvert.  As a result, the flows that are currently 
handled by the brick arch can continue to be carried in this culvert without a need to shunt a 
portion of the flows to the new culvert. 

 
D. CONCEPTUAL LEVEL COST ESTIMATE FOR SLIP LINING 

Based on discussions with contractors that perform slip lining work, preliminary construction 
cost estimates based on the conceptual plans for rehabilitating the brick arch vary from about 
$1,200 to $2,000 per lineal foot of slip lining completed in-place.  For an approximate slip 
lined length of 180 feet, the probable construction cost for the rehabilitation of the existing 
brick arch culvert ranges from $220,000 to $360,000, plus engineering and construction 
administrative costs of approximately 20 percent. 
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IV. PRELIMINARY HYDRAULIC ANALY SES  

 

Hydraulic analyses for this project were based on design flows calculated in Burns & 
McDonnell’s  “Central Drainage Channel Mitigation Design Storm Water Report” dated July 
15, 2004 (Appendix D). 

Based on calculations presented in the above mentioned report, 25-year design flows are 
estimated at 509 cubic feet per second (cfs), and 100-year flows are estimated at 625 cfs at the 
location of the proposed culvert. Design flows are estimated based on a worst case approach 
that assumes that the majority of the Railyard is fully developed and that the proposed “River 
Park” provides little or no storage for flood attenuation. 

 
A. PRELIMINARY CONDUIT SIZES 

Preliminary hydraulic analyses performed in the “Central Drainage Channel Mitigation 
Design Storm water Report” dated July 15, 2004, determined the approximate size of the 
culverts that will be required to convey the design flows for the 25 and 100 year storms for 
the various alternatives.  As mentioned above, if the brick arch is rehabilitated and remains in 
service, the flows that are currently carried by the brick arch will continue to be carried by the 
brick arch sewer, and the proposed culvert will not have to be sized to accommodate any 
portion of those flows.  

Based on the above, the following table summarizes the culvert sizes required for each of the 
options: 

TABLE 2 

SUMMARY OF CULVERT SIZES 
DESIGN FLOW = 625 CFS (100 Year) 

Option No. Preliminary Conduit Sizes Status of Brick Arch Sewer 

1A One (1) 8’ wide by 7’ high box Rehabilitate  

1B Two (2) 9’ wide by 7’ high boxes Abandon  

2A Two (2) 72” diameter pipes Rehabilitate  

2B Three (3) 84” diameter pipes Abandon  

3A 11’ inside diameter lined tunnel Rehabilitate  

3B 16’ inside diameter lined tunnel Abandon  
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B. INITIAL EVALUATION OF OPTIONS BASED ON PRELIMINARY HYDRAULIC 
ANALYSIS 

The results of the preliminary hydraulic analyses indicated that the size and/or number of the 
new culvert conduit(s) will need to be increased significantly if the existing brick arch is 
abandoned.  For example, if the shallow box culvert option is chosen, abandoning the brick 
arch will require two larger boxes in lieu of a single smaller box.  With the shallow pipe 
culvert option, three larger pipes will be required in lieu of two smaller pipes.  The net cost of 
installing two larger box culverts in lieu of a single box culvert is estimated to exceed the cost 
of slip lining the existing brick arch.  Similarly, the net cost of installing three larger pipes in 
lieu of two smaller pipes is estimated to exceed the cost of slip lining the existing brick arch. 

Similarly, the size of the inverted siphon tunnel will need to be increased significantly if the 
brick arch were to be abandoned.  In this case, the size of the excavated tunnel will have to be 
increased from about 15 to 16 feet high and wide to about 20 to 21 feet high and wide.  This 
will impact the mining method, the requirements for initial ground support, the final tunnel 
lining, the size of the shafts, and perhaps even the required depth of the tunnel.  The increased 
costs associated with the larger tunnel are estimated to greatly exceed the cost of slip lining 
the existing brick arch. 

Based on the above, it was concluded that the options that include rehabilitating the existing 
brick arch will be more cost-effective than the options in which the brick arch is abandoned.  
Therefore, in the discussions below, our evaluation is limited to those options where the brick 
arch sewer is proposed to be rehabilitated, namely, options 1A, 2A, and 3A. 

 

K:\Sunquest\JPB CULVERT 10% Design\BrisbaneReportText December 2006 Final.doc  

- 8 - 



 

V. SHALLOW CULVERT UNDER TRACKS (OPTIONS 1A AND 2A) 

 

A. CONSTRUCTION APPROACH 

As outlined previously, Caltrain suggested that one possibility is to construct a new shallow 
culvert by first creating a “cleared path” through which the new culvert can be jacked. The 
reason for the “cleared path” is to minimize complications during pipe jacking due to 
obstructions.  

For this option, the culvert could consist of either a precast concrete box or reinforced 
concrete pipes (RCP).  The culvert will be installed using trenchless techniques (by jacking) 
rather than by standard cut and cover construction due to the limited windows in which the 
mainline Caltrain tracks can be removed from service.  A plan view and typical section of the 
box culvert option (Option 1A) are illustrated on enclosed Drawings DC-10 and DC-11.  The 
pipe culvert option (Option 2A) is illustrated on enclosed Drawings DC-20 and DC-21. 

As indicated on the enclosed drawings, the invert of the culvert will be level at elevation 0, as 
referenced to mean sea level (msl).  The base of rail at the existing tracks is at about elevation 
+13 feet msl, meaning that the distance from the top of the box culvert (7 feet high) to the 
base of rail will only be about 5 feet (13-7- culvert wall thickness).  The distance from top of 
pipe to base of rail will be between 6 and 6.5 feet. 

Ideally, the engineered backfill material through which the culvert will be jacked will be 
designed to have sufficient strength to provide a stable face during culvert jacking and low 
permeability to provide effective groundwater cut off.  The material will also need to gain 
strength quickly enough after it is placed so that it will form a stable sub-base for the tracks. 

A conceptual construction sequence for Options 1A and 2A is shown on Drawings DC-22 
through DC-24.  The proposed steps in the culvert installation would be as follows: 

• Temporary shoring will be installed between tracks MT1 and MT2 to support the 
active MT1 track during the first phase of excavation and backfilling.  This shoring 
will need to be installed during work windows that have been coordinated with 
Caltrain (weekends or possibly nights). 

• Over a weekend during which train traffic moved to the eastern tracks (MT1 and 
MT3), the Visitation Lead, MT4, and MT2 will be removed from service.  Pre-bolted 
track panels will have been created in advance of the weekend work window to permit 
the tracks to be removed and replaced more easily.  Excavation will be performed 
starting from the temporary shoring between MT1 and MT2 and will extend to about 
20 feet west of the centerline of track MT4.  The temporary excavation will need to be 
dewatered to permit the placement of the engineered material backfill.  After the 
engineered material has been placed, MT2 and MT4 will be restored.  It is assumed 
that the Visitation Lead can remain out of service until the culvert installation is 
complete.)  This stage is illustrated on Drawing DC-22. 
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• During a subsequent weekend, train traffic will be moved to the western tracks (MT2 
and MT4) and MT1 and MT3 will be removed from service.  Excavation will start 
from the east end of the previously placed engineered material and will extend to 
about 20 feet east of the centerline of MT3.  The portion of the shoring wall between 
MT1 and MT2 that would interfere with the future culvert jacking will need to be cut 
out or otherwise be removed at this time.  It is assumed that the previously placed 
engineered fill will be sufficiently competent that no shoring will be needed to support 
MT2 at this stage.  The excavation will be dewatered and the engineered material will 
be placed.  MT1 and MT3 will then be restored to service.  This stage is illustrated on 
Drawing DC-23. 

• As illustrated conceptually on Drawing DC-24, a jacking pit and a receiving pit will be 
constructed on opposite sides of the tracks.  The sizes of the jacking and receiving pits 
shown on DC-24 are approximate.  It is anticipated that these pits will need to be 
constructed with watertight shoring so that the quantity of groundwater to be treated 
and discharge will be minimized.  The pipes (or box) will then be jacked from the 
jacking pit to the receiving pit. 

• After the pipes (or box) have been jacked, the concrete headwall structures will be 
constructed and the Visitation Lead will be restored. 

 
B. EVALUATION AND DISCUSSION OF OPTIONS 1A AND 1B – NEW SHALLOW PIPES 

OR BOX CULVERT WITH BRICK ARCH SEWER REHABILITATED 

Based on the evaluation of Options 1A and 2A, some significant risks and technical obstacles 
have been identified that will need to be overcome for this approach to be successful. Major 
areas of concern are:  

• There may not be sufficient time to perform the required excavation and backfill 
during the weekend work windows.  Based on the assumed trench cross-section 
geometry shown on Drawings DC-11 and DC-21 the excavation and backfill volume 
is about 15 cubic yards per lineal foot of trench for the box culvert option and about 20 
cubic yard per lineal foot of trench for the pipe culvert option.  It is thought that the 
geometry of the trench excavations shown on the concept plans (with 1:1 side slopes) 
may actually be optimistic given the poor quality of the existing fill soils that will be 
excavated.  Flatter side slopes may be required, which would increase the cut and fill 
volumes.  Caltrain has suggested that the amount of material to be excavated and 
replaced might be reduced by shoring the sides of the excavated trench or pregrouting 
the soils to permit the side slopes of the trench to be dug closer to vertical.  However, 
shoring or grouting would require additional work directly within Caltrain’s operating 
envelope.  Additionally, it is not reasonable to assume that shoring or grouting will 
provide satisfactory results given the soil and groundwater conditions that must be 
addressed.  
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• This option for the culvert installation will require the control of groundwater in the 
trenched excavations.  Large groundwater inflows were encountered in test pits that 
were excavated in the vicinity of the proposed culvert location. See “Test Pit Report” 
dated September 2003, presented in Appendix E.  Achieving drawdown sufficient to 
permit the engineered material to be placed in dry conditions could be problematic and 
costly. Groundwater elevation at this site ranges in depth from 5-6 feet to 10-11 feet 
below grade, depending on specific locations and time of the year. It is anticipated that 
high volumes of groundwater (potentially contaminated) will be encountered during 
excavation.  Dewatering and disposal of groundwater will be challenging and costly. 

• Developing an engineered material that has the desired properties will require 
research, and the cost of the material may be high depending on its constituents. 

• Contractors were contacted and they expressed serious reservations about jacking a 
box culvert with only 5 feet of cover between the top of box and base of rail.  Their 
concern is that it will not be feasible to jack the box without disturbing the tracks.  
Track disturbance is obviously a major concern due to its potential impact on 
Caltrain’s operations.  Their concern with jacking the smaller pipes with slightly less 
cover is less than that for the box installation, but still significant. 

• It is unclear at this time, if any of the above issues can be addressed sufficiently to 
satisfy Caltrain. 
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C. CONCEPTUAL LEVEL COST ESTIMATE FOR OPTIONS 1A AND 2A 

The following table summarizes conceptual level opinions of construction costs for some of 
the major elements associated with these options: 

 

TABLE 3 – OPTIONS 1A and 2A 
Item Description  Unit Cost ($) Quantity Total Cost ($) 

Temporary platform at Bayshore Station 500,000- 600,000 1 platform 500,000- 
600,000 

Trackwork – Removal and replacement of tracks 
during two weekend outages and restoration of 
Visitation Lead at completion of construction. Amtrak 
and contractor crew. 

50,000-60,000 2 weekends 100,000 – 
120,000 

Excavate existing soil and replace with engineered fill 
- Approximately 15-20 cubic yards per lineal foot of 
trench  

$250-300/cubic 
yard 

1350-1800 
cubic yards 

337,500-
540,000 

Shoring between MT3 and MT4 to be installed during 
night work windows or weekend work windows as 
approved by JPB 

150,000- 250,000 1 150,000- 
250,000 

Jacking and Receiving pits – Shoring and Excavation 150,000-250,000 2 300,000-
500,000 

Jacking Conduit(s) – Box Culvert 
Option 1A 

8000/ft 1 box -90 
feet 

720,000 

Jacking Conduit(s) – Pipes 

Option 2A 

5000/ft 2 pipes -
180 feet 

900,000 

Cut and cover box or pipes out to headwall location 1000-1500/ft 100 ft 100,000-
150,000 

JPB engineering, inspection, and signals, and Amtrak 
flagging costs during construction 

250,000-300,000 Lump sum 250,000-
350,000 

Total   2.45-3.4 Mil 
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The following items common to all options are excluded in the cost estimate at this time: 
• Design engineering  
• Concrete headwall structures at the ends of the conduit(s)   
• Handling and disposal of contaminated soils – Unit cost for disposal ranges from $30 

to $200 per cubic yard of soil 
• Groundwater handling, treatment and disposal costs 
• Connection between the brick arch sewer and the proposed culvert 
• Miscellaneous earthwork and grading 
• Geotechnical investigation 
• Contingencies 
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VI.  INVERTED SIPHON (OPTION 3A) 

 

A. CONSTRUCTION APPROACH - OPTION 3A 

Under this option, the culvert would be constructed using a deeper vertical alignment with the 
culvert functioning as an inverted siphon.  The culvert would be constructed as a tunnel 
through the bedrock which underlies the site. 

Conceptual horizontal and vertical alignments of the inverted siphon are shown on enclosed 
Drawings DC-30 through DC-32.  A horizontal alignment that is skewed to the tracks is being 
shown because, although the required tunnel length is greater, the depth to the bedrock is 
anticipated to be less than an alignment perpendicular to the tracks. Preliminarily, it is 
estimated that the shafts at either end of the tunnel will need to be excavated to about 
elevation minus 40 msl (about 50 feet below existing grade) to ensure that the entire tunnel 
excavation will be in rock with at least 10 feet of rock cover at the east end of the tunnel.  For 
simplicity, a level tunnel is shown, but in all likelihood the siphon will be constructed with a 
slope from west to east.  The length of the excavated tunnel appears that it will be in the 160 
to 170 foot range. 

In order for there to be sufficient room to install the permanent 11 foot -0 inch inside diameter 
pipe lining in the tunnel, the clear distance to the inside of the initial tunnel supports will need 
to be about 14 feet in the horizontal and vertical directions. 

Key items involved in the construction of the inverted siphon are the following: 

• Temporary Shafts. 

Two temporary shafts would be constructed (see drawing DC-30 for conceptual shaft 
locations).  Due to potential for high groundwater inflows (particularly in the upper fill 
soils) and groundwater contamination, it appears that the shafts should be constructed 
in a manner that will produce a relatively watertight excavation.  Conceptually, a 
secant pile shoring system could be used for this purpose.  A secant pile shoring wall 
system is constructed of interlocked concrete-filled drilled shafts.  Typically, every 
other secant pile is reinforced with a wide flange steel beam.  When properly 
constructed, this type of shoring can provide good groundwater cut-off. 

The shafts may be constructed in either a circular or rectangular configuration, 
although rectangular shafts are shown on the conceptual plans.  The tunnel would be 
driven from one of the shafts (driving shaft) toward the other shaft (receiving shaft).  
The driving shaft will likely need to be larger than the receiving shaft in order to allow 
sufficient room for the contractor to operate his equipment and handle the material 
excavated from the tunnel. 
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• Tunnel Excavation and Initial Ground Support 

Based on the limited geotechnical information on the bedrock that is available, it is 
believed that the tunnel will be excavated using standard tunneling techniques.  Most 
likely, excavation would be performed using a roadheader.  A roadheader is a piece of 
mining equipment that has a rotating cutter head capable of effectively excavating soft 
to medium strong rock.  The excavated material (muck) is carried back to the driving 
shaft using a loader that is specially designed to be operated in a tunnel or via a 
conveyer system.  The muck is collected at the shaft in a muck bucket that is hoisted 
and dumped by a crane. 

Various types of initial ground support may be suitable for the ground conditions that 
will be exposed during tunneling, but for conceptual level planning, it has been 
assumed that steel ribs and timber lagging will be used.  The ribs are steel wide flange 
members that are fabricated in a number of pieces (in this case probably 4 pieces) and 
erected in the tunnel to form an arch-shaped support.  The ribs are typically installed at 
a fixed spacing of between 3 and 5 feet on center as the tunnel excavation is advanced.  
The ground between the ribs is supported by wood lagging and blocking that is 
installed behind the rear flange of the rib.  Tie rods and pipe collar braces are use to 
connect the adjacent ribs together for stability. 

• Final Tunnel and Shaft Lining 

For conceptual design purposes, it has been assummed that the tunnel will be lined 
with pre-stressed concrete cylinder pipe (PCCP).  PCCP has gasketed joints for water 
tightness.  The pipe will be installed in the tunnel and the annular space will be 
backfill grouted to produce tight contact between the installed pipe and the 
surrounding ground.  Lightweight cellular grout is commonly used for this purpose. 

Fabricated elbows will be required at each end of the lined tunnel.  Concrete pipe 
could also be used to line the shafts.  Alternatively, cast-in-place concrete shaft linings 
could be constructed. 

• Connections to Open Channels 

A transition structure will be required at the tops of the shafts.  The structure will 
funnel the flow from the channel into the upstream shaft and return the flow to the 
channel at the downstream shaft.  These will be cast-in-place concrete box-type 
structures that will be structurally tied to the shaft lining system.  The upstream 
entrance to the siphon will need to include screens to prevent debris from being 
carried down into the tunnel. 
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B. EVALUATION AND DISCUSSION OF OPTION 3A 

Major issues: 

• This option has the significant advantage over the shallow culvert option because it 
will have minimal to no impact on Caltrain’s operations.  The tracks will remain in 
service throughout the entirety of the construction.  Caltrain has indicated that this 
makes this option desirable to them. 

• Additional geotechnical exploration will be required to develop the final alignment of 
the siphon and evaluate the requirements for excavation and ground support at the 
shafts and tunnel.  The depth to rock along the proposed horizontal alignment, the 
quality of the rock through which the tunnel will be excavated, and the anticipated 
amount of water that will be encountered during tunnel excavation will be key items to 
evaluate during this exploration. 

• Just as for the shallow culvert option, the construction of the temporary shafts and the 
tunnel will require specialty contractors to perform the work. 

• This option will require more maintenance than the shallow culvert options.  The 
upstream debris screens will need to be cleaned on a regular basis, and the tunnel will 
also need to periodically be cleared of material that will tend to build up over time.  
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C. CONCEPTUAL LEVEL COST ESTIMATE FOR OPTION 3A 

The following table summarizes conceptual level opinions of construction costs for some of 
the major elements for this option: 

 

TABLE 4 – OPTION 3A 
Item Description Unit Cost ($) Quantity Total Cost ($) 

Tunnel excavation, initial ground support, and 
final lining 

$5,000-$6,000/LF 170 Feet of 
Tunnel 

850,000-
1,020,000 

Watertight temporary shafts – final cost will 
depend on actual depth of excavation required 
and geotechnical (soil/rock/groundwater) 
conditions at the chosen shaft locations. 

$250,000 - $400,000 2 500,000-
800,000 

Concrete transition structures at tops of shafts 

 
$400-500/cubic yard 250 cubic 

yards 
100,000-
125,000 

Shaft excavation 20-35/cubic yard 5000-6000 
cubic yards 

100,000-
210,000 

Shaft lining and backfill – assuming 2 shafts 
Each 40 feet deep 

$2,000-$3,000 per 
lineal foot of lined and 
backfilled shaft 

80 feet 160,000- 
240,000 

*Maintenance Costs *$50,000 Per 10 yrs. For 
50 years 

50,000* 

JPB engineering and inspection, and Amtrak 
flagging costs during construction:  This 
assumes a watchman will be required for 
about 80 working days during the inverted 
siphon construction. 

 

$100,000- $150,000. Lump Sum 100,000- 
150,000 

Total    Mil 1.85-2.6 

* Maintenance cost is calculated at Present Value of maintenance cost of $50,000 every 10 
years for 50 years at an interest rate of 7 percent. 
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The following items common to all options are excluded from the cost estimate at this time:  
• Design Engineering 
• Handling and disposal of contaminated soils – Unit cost for disposal ranges from $30 

to $200 pr cubic yard of soil. 
• Groundwater handling, treatment and disposal costs  
• Connection between the brick arch sewer and the proposed siphon 
• Miscellaneous earthwork and grading 
• Geotechnical investigation 
• Contingencies 
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VII. SUMMARY AND RECOMMENDATIONS 

 

Key summary points and recommendations are as follows: 

It appears that retrofitting (slip lining) the existing brick arch culvert will be a cost-effective 
approach of reducing the required size of the new culvert, no matter which method of new 
culvert construction is selected. 

Comparison of shallow culvert versus inverted siphon on key issues: 

• Caltrain involvement:  The involvement of Caltrain during the design and construction of 
the project will be much greater for the shallow culvert options as opposed to the inverted 
siphon option because the shallow culvert option will have an unavoidable impact on 
Caltrain’s operations. 

• Cost:  At the current conceptual design stage it appears that the construction cost of the 
deep inverted siphon option is likely to be less than for either the shallow box culvert or 
pipe culvert option. 

• Maintenance: The inverted siphon option will require more maintenance than the shallow 
culvert option.  The maintenance requirements and anticipated cost associated with this 
maintenance need further evaluation. 

• Risk/Unknowns: Although additional geotechnical exploration is needed to confirm the 
inverted siphon alignment and to get a better idea regarding the construction means and 
methods that will be required for shafts and tunnel, we believe that there is less risk 
associated with the inverted siphon option than the shallow culvert option.  As noted 
above, we have some concern about the technical feasibility of constructing the shallow 
culvert using the means and methods presented above.  Also, the potential for the shallow 
culvert construction to inadvertently impact Caltrain’s operations is much greater than for 
the inverted siphon option. 
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APPENDIX A 
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Currently, a surface water drainage ditch (CDC), brick arch sewer and timber box culvert convey 
storm water from the site and portions of the watershed west of Bayshore Boulevard out to the 
San Francisco Bay.  A new culvert under the PCJPB railroad is being designed to accommodate 
future storm water flows. 
 
 
2.0 TECHNICAL APPROACH 
 
Burns & McDonnell propose to drill three to four borings, depending on field observations, 
between the tracks to the top of bedrock.  Previous drilling activities indicated that bedrock was 
encountered at 40 feet below ground surface (bgs) on the east side of the tracks and 10 feet bgs 
on the west side, CDC-5 and CDC-6, respectively.  The additional borings will more precisely 
determine the elevation of the top of bedrock across the proposed culvert alignment and 
determine the properties of the subsurface materials to aid with the design of shoring and 
dewatering systems for the future box culvert construction project.    
 
Burns & McDonnell will hire a drilling subcontractor to perform the investigation using a 
standard track-mounted drill rig that can easily maneuver on railroad tracks.  All drilling within 
the right-of-way will be performed in accordance with a PCJPB approved workplan and 
subsurface conditions will be restored in accordance with PCJPB guidelines. 
 
2.1 Permitting
Burns & McDonnell understands that before any field activities performed in the right-of-way 
can proceed the following agreements must be in place:   
 
• Sunquest has to submit a Service Agreement with the PCJPB; 
• Sunquest has to submit a License Agreement with the PCJPB, if required; 
• Sunquest has to submit a Right-of-Entry Agreement with the PCJPB; 
• Sunquest has to submit a Standard Encroachment Permit Application;  and 
• Sunquest has to submit a Construction and Maintenance Agreement with the PCJPB. 
 
In addition, it is Burns & McDonnell’s understanding that no work can proceed without written 
approval from the PCJPB, which may involve meetings to discuss the approach, timing, and 
methods described in this workplan.   
 
The San Mateo County Department of Health Services requires that a drilling permit be 
submitted prior to any field activities.  Burns & McDonnell will also obtain the necessary 
approval for this agency. 
 
2.2 Utility Clearance
In an effort to minimize track disruption and protect workers, the planned drilling locations will be 
marked in the field with white paint from the east and west sides of the railroad tracks.  After 
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marking the location, Burns & McDonnell will notify Underground Service Alert (USA), who, in 
turn, will notify utility companies that may have underground utilities extending from the 
property boundaries into the planned drilling area.  The utility companies will mark their 
locations adjacent to property boundaries, as necessary, and may notify Burns & McDonnell of 
any additional concerns that may extend into the planned excavation area. 
 
As shown in Figure 2, the only known utilities that are in the vicinity of the drilling locations are 
an active City of Brisbane water line and an out-of-service fuel line.  The drilling locations have 
been adjusted, so as to avoid these areas completely. 
 
2.3 Timing of Activities 
PCJPB railroad tracks are currently only active during the business week (Monday through 
Friday), with resumption of weekend service in March 2004.  In order to avoid track disruption 
and passenger service, any field activities described herein that will take place within the PCJPB 
right-of way will occur on weekends only, prior to resumed weekend train service.   
 
Burns & McDonnell understands that freight train service is still active during weekend 
shutdown service, and would request that PCJPB provide staff to conduct field oversight and 
flagman protection.  It is also Burns & McDonnell’s understanding that these services will be 
billed directly to Sunquest’s Service Agreement contract with PCJPB.  
 
2.4 Training Requirements 
In order to conform with PCJPB safety requirements, all field personnel will complete the 
Roadway Worker Protection training program and have a sticker appropriately displayed on their 
hard hat as evidence of the training. 
 
All individuals entering and working within the PCJPB right-of-way will wear necessary 
personal protective equipment (PPE), including hard hats, safety glasses, and reflective vests. 
 
2.5 Subcontractor Oversight 
Burns & McDonnell will hire a drilling subcontractor to perform all drilling operations, but will 
have constant oversight over all activities.  In the interest of track and worker safety, Burns & 
McDonnell is requesting that an Amtrak flagman and anyone else PCJPB deems necessary to be 
present for all drilling activities as well.  
 
2.6 Manning and Track Protection Plan 
Burns & McDonnell is proposing to access all boring locations from the railyard (west side), as 
this is the most convenient and safest approach.  When moving the drilling rig over rail lines, the 
drilling subcontractor will use a planking system to avoid direct contact with the tracks. 
 
It is the express belief of Burns & McDonnell and the drilling subcontractor that the tracks will 
not be impacted or damaged in any way during drilling activities.  
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2.6.1 Planking Plan 
Burns & McDonnell understands that planking is necessary to protect the tracks while moving 
equipment, and to effectively distribute the equipment weight.  There are many types of planking 
sequences that would work for these activities.  Burns & McDonnell is proposing a method that 
will allow activities to proceed efficiently, and which do not require an additional outside 
contractor to complete the system. 
 
The planking plan proposed includes the use of blocks and standard lumber. This system will be 
placed over rail lines anytime the drilling equipment is moved.  Railroad tie block that are in 
good condition will be placed parallel to the track lines.  It is our understanding that the site has 
several piles of used railroad ties near the proposed drilling location.  Careful attention will be 
taken to ensure that high quality materials are used in the support block system.  Lumber that is 
at least as wide as the drilling rig tracks will then be placed on top of the blocks and secured.   
Given the distance between rail lines and the width of tracks on the drilling rig, Burns & 
McDonnell is suggesting to use a minimum of 2-inch by 12-inch by 6-foot (H x W x L) board for 
each side in order to move the equipment across the tracks.  Since the railroad ties are taller than 
the rail lines, the rig will never come into contact with the tracks. This type of planking plan was 
chosen as it easily moveable and efficient for the onsite crew, while maintaining protection for 
the underlying tracks. 
 
2.6.2 Drilling Equipment 
The drilling equipment chosen to complete the geotechnical borings is the 6610DT Geoprobe® 
system.  It is a compact, track-mounted version of the standard 6600, which is truck-mounted 
drill rig. This type of rig is ideal, as it is track-mounted and has a narrow profile, meaning it can 
easily maneuver in confined areas. 
 
The 6610DT specifications are as follows: 
 

• Dimensions (H x W x L): 6.2 feet x 4 feet x 7.6 feet 
• Weight: 4,900 lbs.  
• Track Width: 10 inches on either side 
• Clearance: 13 feet  
• Typical Depth: 60 to 80 feet  

 
The rig moves using a thick grade rubber mounted over the track frame, much like the wheels on 
the truck-mounted rig.  The total weight of the 6600-DT is evenly distributed over both of its 
tracks, meaning the rig can easily maneuver over all types of terrain.  This even distribution is 
also an advantage in minimizing impact to any one section of the rail line when crossing.  In 
addition, it weighs approximately one quarter of the weight of the standard truck-mounted rig, 
which should significantly minimize impact to any PCJPB right-of-way equipment.   
Once the equipment has been moved over the rail lines, it will need to be aligned and anchored 
over the boring.  The 6600-DT has hydraulic movement in all three axes, which allows for easily 

K:/Sunquest/Landfill/Drainage Channel/Geotech_Bedock 



Mr. Hubert Chan 
December 16, 2003 

 Page 5 of 7 
 

alignment with the boring from a variety of angles and positions.  This option, along with the 
other features, allows the drilling subcontractor to setup the rig in the allowable clearance, even 
if it varies from track to track.    
 
2.7 Drilling Activities 
The borings will be completed to evaluate the thickness of the fill and bay mud layers and the 
depth of the bedrock that underlie the new culvert alignment. The borings will be drilled with a 
track-mounted drill rig, using hollow stem auger technology.  The borings will be completed at a 
ninety-degree angle to an estimated maximum depth of 40 feet.  The auger hole is approximately 
4 inches in diameter.  Drilling depths and locations relative to the PCJPB Zone of Influence 
specifications are presented in Figure 3. 
 
2.7.1 Setup Plan 
The proposed boring locations are between the tracks of the four main lines (MT1 through MT4) 
and the Visitacion Lead, as presented in Figure 3.  In order to access these borings, Burns & 
McDonnell is proposing to place restrictions (PCJPB’s Form B) over this section of rail for an 
eight to ten hour period over the weekend shutdown. Under this restriction, it is Burns & 
McDonnell’s understanding that the tracks will be active, but all trains will need the 
authorization of the Amtrak flagman to pass through the designated section of rail.  
 
Exact boring locations will be marked in white paint, while under Form B protection.  The crew 
will setup at each location in such a way that the rig will not be on top of or touching any track 
line while drilling.  Should an emergency situation arise, the drilling rig has the ability to be 
unhooked from the boring location and moved out of the way quickly. 
 
Setup of the drilling equipment requires minimal effort.  The operator, once over the boring, will 
anchor the rig in place by lowering the footings, raise the mast, and attach augers to the hammer 
system.  From setup to completion, one boring is expected to take approximately one and one-
half to two hours to finish. 
 
2.7.2 Schedule 
This schedule presents a tentative plan for how the drilling equipment will be moved across the 
PCJPB right-of-way.  This plan lays out a conservative estimate of how drilling activities will be 
completed.  In the event that the borings are completed ahead of schedule, a fourth boring will be 
added to the plan.  This boring will completed between MT4 and the Visitacion Lead.  The order 
presented below will not change, the additional boring, TR-4, will be completed at the end of the 
sequence as noted below. 
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As evidenced in this schedule, each track, with the exception of MT3, will be crossed over twice.  
MT3 does not need to be crossed at any point in the drilling sequence, as it is the easternmost 
track, and Burns & McDonnell is not proposing to complete any borings east of this line. 
 
800 Lay wooden planks over Visitacion Lead and MT4 and move rig. 
 
900 Setup boring between MT2 and MT4. 
 
915 Drill TR-1 
 
1045 Complete TR-1.  Lay down planks and move across MT2. 
 
1100 Setup boring between MT1 and MT2. 
 
1115 Drill TR-2 
 
1245 Complete TR-2.  Lay down planks and move across MT1. 
 
1300 Setup boring between MT1 and MT3. 
 
1315 Drill TR-3 
 
1445 Complete TR-3.  Setup planks to move back over MT1, MT2, and MT4.   
 
1500 Move back over tracks.  If time permits, drill rig will setup and complete TR-4 between 

the Visitacion Lead and MT4 (Time would have to be about 1400). 
 
1530 Grout borings and move drill rig out of PCJPB right-of-way.   
 
1630 Restore to original conditions.  Ensure that tracks have been cleared of any debris, etc. 
  
1700 Off site. 
 
 
3.0 REPORT PREPARATION 
 
A formal report will not be prepared for this investigation.  Burns & McDonnell will collect 
pertinent information, including drilling locations, sketches of the boring logs, and tabulated 
drilling data.  This supplemental information will be used during the preparation of detailed 
construction cost estimates and specifications for the new culvert. 
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Burns & McDonnell trusts this information will serve your needs at this time.  If you have any 
questions or comments regarding this report, please contact me at (650) 871-2926. 
 
 
Sincerely yours, 
 
 
 
 
Gary P. Messerotes. RG 
Senior Project Manager 
 
Attachments: Figure 1 Site Location Map 
  Figure 2 Site Plan Showing Drilling Location  
  Figure 3 Zone of Influence Showing Drilling Location  
 
 
cc: Dave Silverstein, Burns & McDonnell 
 Jason Lin, Sunquest Properties, Inc. 
 Charles Ice, San Mateo County Division of Health Services 
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Below is a table summarizing the bedrock investigation near MP 6.18.  Locations are referenced 
to the four sets of tracks that bisect the investigation.  All three borings were drilled using a 
hollow stem auger to a depth of 4 to 4.5 feet.  Below 4.5 feet all three borings were geoprobed to 
their total depths.  
 
Boring I D Location Depth of fill 

(BGS) 
Depth of 
Bay Mud 
(BGS) 

Depth of  
Bedrock 
(BGS) 

Depth wet 
conditions 
encountered 
(BGS) 

Total Depth 
(BGS) 

       
TR – 1 Between 

MT4 and 
MT2  

Surface to 
14.5 feet 

14.5 to 31.5 
feet 

31.5 to 33 
feet 

8.5 feet 33 feet 

TR – 2  Between 
MT1 and 
MT3 

Surface to 
21 feet 

21 to 44.5 
feet 

44.5 to 46 
feet 

6.6 feet 46 feet 

TR – 3 Between 
MT4 and 
Visitacion 
Lead  

Surface to 
19 feet* 

19 to 28.5 
feet* 

28.5 to 31 
feet 

8.5 feet 31 feet 

 
*  Contact between fill and Bay Mud may occur at a shallower depth. Contact referenced by soft 
gray clay.  Exact depth of fill and Bay Mud contact is unknown, due to no recovery between the 
depth of 14 and 19 feet.  
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1.0 INTRODUCTION 
 
Sunquest Properties, Inc. (Sunquest) retained Burns & McDonnell Engineering Company, Inc. 
(Burns & McDonnell) to conduct test pit investigations in the area surrounding the timber box 
culvert (TBC) at the Brisbane Landfill, Brisbane, California.   
 
The test pits were excavated on the east and west sides of the Peninsula Corridor Joint Powers 
Board (PCJPB) railroad tracks, just north of the TBC, and at least 10 feet outside the railroad 
easement (Figure A-1).  The primary objective of these excavations was to visually examine the 
fill material to see if the underlying bedrock could be mechanically removed, and to evaluate de-
watering requirements during construction.  These activities were completed in preparation for 
the installation of a new culvert across the PCJPB railroad tracks.  
 
 
2.0 SCOPE OF WORK 
 
Burns & McDonnell conducted the test pit investigations on September 4, 2003.  The 
excavations were completed using a Komatsu 300 LC excavator, under the supervision of a C-57 
licensed operator.  Soil removed from the excavations was temporarily stockpiled and used for 
immediate backfilling activities.  Due to the historic land use and visual presence of impacted 
soil, samples were collected from both excavations and sent for laboratory analysis.   
 
2.1 West Side Excavation 
The west side excavation was completed first to a depth of 14-feet below ground surface.  Boring 
logs were not completed, but the excavation is photo-documented in Appendix A-1.   
 
A solid mass was encountered about 2 feet below ground surface.  It is possible that this mass 
was the north side of the brick arch sewer.  The excavation was moved north to avoid this, but 
the brick and concrete structure is visible in the photos.  The structure came in at an angle from 
the west, and was observed to leave the excavation perpendicular to the nearby JPB railroad 
tracks.   
 
In general, the soil was mainly large boulders and fill, typical of earthquake fill material as 
reported.  Groundwater was encountered at 8-feet below ground surface and was observed to 
enter the excavation at a rapid rate.  The sidewalls were very unstable due to flowing 
groundwater and loosely packed fill.  The excavator experienced difficulty in keeping the test pit 
open and preventing collapse.  No sheen, prevalent odors, or visible evidence of contamination 
was observed on the groundwater or in the soil.  There was also no presence of trash. The 
excavation was moved to about 10 feet below ground surface to take a groundwater sample. 
 
Bedrock was encountered around 10-feet below ground surface, as expected from the nearby 
geotechnical borings.  The operator was able to move earth down to about 14-feet below ground 
surface with little to no difficulty.  The concrete and brick structure went all the way down to the 
bottom of the excavation. 
 
 



2.2 East Side Excavation 
The east side excavation was completed second to a depth of 12-feet below ground surface.  
Boring logs were not completed, but the excavation is photo-documented in Appendix A-1.   
 
After just scraping the surface, a blue green layer of soil was present.  In the next scoop, about 2-
feet below ground surface, trash was being excavated.  The excavated material had a slight odor, 
and was mainly wood, glass, and plastic bottles that were partially degraded.  The trash appeared 
to be loosely compacted, and was easily excavated.  From 4 to 6-feet below ground surface, 
water was not encountered, but the soil appeared wet, black, and viscous.  This observation 
confirmed what the nearby geotechnical boring reported at the same depths. 
 
Groundwater was encountered around 6-feet below ground surface.  The flow rate into the 
excavation was approximately one-quarter of the rate observed in the west side excavation.  
There was a visible sheen on the water and a noticeable hydrocarbon odor.  The excavation was 
advanced to about 10-feet below ground surface to take a groundwater sample.  In addition, a 
composite sidewall soil sample was taken from the most visually impacted area, approximately 7 
feet below ground surface.  The soil taken also had a noticeable hydrocarbon odor.  
 
The excavation was moved further down to see if the bottom of the trash layer could be found.  
Around 12-feet below ground surface, the excavator was pulling out large boulders and fill, 
similar to what was encountered on the west side.     
 
 
3.0 ANALYTICAL RESULTS 
 
Grab groundwater samples were collected from both excavations.  A soil sample was collected 
from the east side only, as there was no visual impact to the soil observed on the west side.  
Samples were placed into appropriate containers, labeled and sent under chain-of-custody 
protocol to a state certified analytical laboratory. 
 
Groundwater samples were analyzed for volatile organic compounds (VOCs) using EPA Method 
8260B, polynuclear aromatic hydrocarbons (PAHs/semi-VOCs) using EPA Method 8310, total 
petroleum hydrocarbons (TPH) as gasoline, diesel, motor oil, and Bunker C oil using EPA 
Method 8015M, and total dissolved metals using EPA Method 6010.   Groundwater samples 
were also analyzed for water quality parameters including, total dissolved solids using EPA 
Method 160.1, total nitrate and sulfates using EPA Method 300.0, and ammonia using EPA 
Method 350.3.   
 
The soil sample was analyzed for PAHs/semi-VOCs using EPA Method 8270, total petroleum 
hydrocarbons (TPH) as gasoline, diesel, motor oil, and bunker C oil using EPA Method 8015M, 
and total dissolved metals using EPA Method 6010.  In addition, any metals considered to have 
high concentrations were analyzed by TCLP Leachate using EPA Method 6010. 
 
Analytical results from both excavations are presented in Table A-1.   
 
3.1 Groundwater Results 
The west side results showed significant concentrations of fuel-related compounds, including 
diesel, motor oil, and Bunker C, ranging from 4,000 ug/L to 36,000 ug/L.  In addition trace 



amounts of semi-volatile compounds and metals were encountered.  Methyl-tert-butyl-ether 
(MTBE) was discovered at a concentration of 14 ug/L.  
 
The east side results showed significant concentrations of fuel-related compounds, including 
diesel, motor oil, and Bunker C, ranging from 27,000 ug/L to 180,000 ug/L.  In addition, volatile 
compounds, semi-volatile compounds and metals were encountered.  MTBE was discovered at a 
concentration of 100 ug/L.   
 
MTBE was an unexpected discovery in both excavations due to its historical industrial use.  
Although these compounds were detected at concentrations higher than expected, analysis shows 
that none of the results exceeded site Remedial Action Objectives (RAOs).   
 
3.2 Soil Results 
The east side results showed significant concentrations of fuel-related compounds, including 
diesel, motor oil, and Bunker C, ranging from 250 mg/kg to 1,300 mg/kg.  In addition trace 
amounts of semi-volatile compounds and metals were encountered.   
 
Chromium was detected at a concentration of 110 mg/kg, which qualified for TCLP Leachate 
analysis.  Results from the additional analysis yielded a TCLP concentration of 91ug/L.  This 
was the only metal compound encountered with a significant concentration. 
 
Although these compounds were detected at concentrations higher than expected, analysis shows 
that none of the results exceeded site Remedial Action Objectives (RAOs). 
 
4.0  CONCLUSIONS 
 
The conclusions of this investigations are summarized as follows: 
 
• Excavation activities on the west side will be able to use conventional earth moving 

equipment to easily move the bedrock, and blasting devices are not necessary to install the 
channel on the west side. 

 
• Waste materials were present in the east side excavation at depths from 2 to 12-feet below 

ground surface. 
 
• Any activities conducted on the east side will encounter a waste trash layer for approximately 

10-feet below ground surface. 
 
• Any work conducted in and along the drainage channel may proceed with appropriate safety 

measures, including personal protective equipment and necessary training.   
 
• Special considerations may have to be included in any design or construction work if work 

areas are discovered to exceed RAO levels. 
 
• In the future, design and construction estimates should continue to examine the effects and 

impacts of the waste on the east side of the railroad tracks on the overall project goals and 
objectives. 

 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A-1 
Test Pit Escavation Location 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix A-1 
Photo Summary 

 



WEST SIDE



Photo 1: Excavation at 2-feet below ground surface, looking southward

Photo 2: Excavation at 3-feet below ground surface, looking southward



Photo 3: Excavation at 8-feet below ground surface, looking southward

Photo 4: Groundwater flowing in the excavation at 9-feet below ground surface, looking northward



Photo 5: Groundwater at 10-feet below ground surface and excavation collapsing, looking northward

Photo 6: Concrete and brick structure to the south of the excavation, looking southwesterly



Photo 7: Compaction of the excavation with heavy groundwater flow, looking northward

Photo 8: Compaction of the excavation, looking northward



Photo 9: Compaction of the excavation, looking northward

Photo 10: Compaction of the excavation, looking westward



EAST SIDE



Photo 1: Excavation at 1-foot below ground surface, looking eastward

Photo 2: Excavation at 2-feet below ground surface, looking southward



Photo 3: Excavation at 4-feet below ground surface, looking southward

Photo 4: Excavation at 5-feet below ground surface, looking northward



Photo 5: Groundwater flowing in the excavation at 6-feet below ground surface, looking southward

Photo 6: Excavated material, looking eastward



Photo 7: Soil excavated from approximately 10-feet below ground surfac

Photo 8: Excavation at 7-feet below ground surface, looking eastward



Photo 9: Groundwater with sheen flowing into excavation, looking northward

Photo 10: Compaction of the excavation, looking eastward



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table A-1 
Summary of Analytical Results 

 
 



Table A-1

Groundwater and Soil Results from Test Pit Excavations 
September 4, 2003 

Former Bayshore Railyard
Brisbane, California

Sample ID 
(ug/L) TPH-g TPH-d TPH-d  (SGC) TPH-c TPH-c  (SGC) TPH-m TPH-m  (SGC) Benzene Toluene Ethylbenzene Xylenes MTBE Carbon 

Disulfide Nitrate Sulfate Ammonia
Total 

Dissolved 
Solids

TP-W <50 5,900 H Y 4,000 H Y 56,000 Y 36,000 Y 24,000 14,000 0.6 <0.050 <0.050 <0.050 14 <5.0 3,400 97,000 280 7,200,000

TP-E 130 H Y 32,000 H L Y 27,000 H L Y 210,000 Y 180,000 Y 77,000 L 69,000 L <0.50 <0.50 <0.50 1.75 100 9.5 270 1,600 10,000 1,030,000

Sample ID 
(mg/kg) TPH-g TPH-d TPH-d  (SGC) TPH-c TPH-c  (SGC) TPH-m TPH-m  (SGC) Benzene Toluene Ethylbenzene Xylenes MTBE Carbon 

Disulfide Nitrate Sulfate Ammonia
Total 

Dissolved 
Solids

TP-E-SS 1.4 H Y 260 H Y 250 H Y 1,400 Y 1,300 Y 430 L 410 L <.052 <.052 <.052 <.052 NA NA NA NA NA NA

Sample ID 
(ug/L) Napthalene Acenaphthylene Acenapthene Fluorene Phenanthrene Anthracene Fluoranthene Pyrene Benzo (a) 

anthracene Chrysene Benzo (b) 
fluoranthene

Benzo (k) 
fluoranthene

Benzo (a) 
pyrene

Indeno (1,2,3-
cd) pyrene

Dibenz (a,h) 
anthracene

Benzo (g,h,i) 
perylene

TP-W <8.3 <17 <8.3 5.7 41 3.9 32 54 20 30 18 7.1 22 16 16 15

TP-E <2.5 <5.0 34 <0.50 15 1.3 9.3 9.1 3.4 5.5 4.8 2 4 5.4 3 2.4

Sample ID 
(mg/kg) Napthalene Acenaphthylene Acenapthene Fluorene Phenanthrene Anthracene Fluoranthene Pyrene Benzo (a) 

anthracene Chrysene Benzo (b) 
fluoranthene

Benzo (k) 
fluoranthene

Benzo (a) 
pyrene

Indeno (1,2,3-
cd) pyrene

Dibenz (a,h) 
anthracene

Benzo (g,h,i) 
perylene

TP-E-SS 0.89 1.2 0.63 0.74 6.7 1 7.2 9.5 2.2 2.5 2.1 2.3 3 1.8 <0.25 2.7

Sample ID 
(ug/L) Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt Copper Lead Mercury Molybdenum Nickel Selenium Silver Thallium Vanadium Zinc

TP-W <60 94 160 <2.0 <5.0 <10 <20 <10 <3.0 <0.20 <20 <20 <5.0 <5.0 <5.0 <10 <20

TP-E <60 23 420 <2.0 <5.0 <10 <20 <10 <3.0 <0.20 <20 <20 <5.0 <5.0 <5.0 <10 <20

Sample ID 
(mg/kg) Antimony Arsenic Barium Beryllium Cadmium Chromium Cobalt Copper Lead Mercury Molybdenum Nickel Selenium Silver Thallium Vanadium Zinc

TP-E-SS 4.2 20 50 0.38 1.3 110 13 39 61 0.24 2.1 42 0.79 <0.24 6.7 33 170

Notes:
1. TPH - Total Petroleum Hydrocarbons 6. VOCs - Volatile Organic Compounds 11. Y - Sample exhibits fuel pattern which does not resemble standard
2. TPHg - TPH as gasoline 7. BTEX - Benzene, Ethylbenzene, Toluene, Xylene  Compounds 12. Samples were analyzed for TPH by EPA Method 8015M
3. TPHd - TPH as diesel 8. NA - Not Analyzed 13. Samples were analyzed for BTEX by EPA Method 8021B
4. TPHm - TPH as motor oil 9. H - Heavier hydrocarbons contributed to the quantation 14. Samples were analyzed for VOCs by EPA Method 8260B
5. TPHc - TPH as Bunker C oil 10. L - Lighter hydrocarbons contributed to the quantation 15. Samples were analyzed for Natural Attenuation by EPA Methods 300.0, 350.3, and 160.1

Volatile OrganicsFuel Related Compounds Natural Attenuation Parameters

California Title 26 Metals (EPA Method 6010B)

Polynuclear Aromatic Hydrocarbons by HPLC (EPA Method 8270C)
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Table A-1

Groundwater and Soil Results from Test Pit Excavations 
Former Bayshore Railyard

Brisbane, California

Sample ID TP-W TP-E TP-E-SS
Units ug/L ug/L mg/kg
Date Sampled 9/4/2003 9/4/2003 9/4/2003
TPH-g <50 130 H Y 1.4 H Y
TPH-d 5,900 H Y 32,000 H L Y 260 H Y
TPH-d  (SGC) 4,000 H Y 27,000 H L Y 250 H Y
TPH-c 56,000 Y 210,000 Y 1,400 Y
TPH-c  (SGC) 36,000 Y 180,000 Y 1,300 Y
TPH-m 24,000 77,000 L 430 L
TPH-m  (SGC) 14,000 69,000 L 410 L
Benzene 0.6 <0.50 <.052
Toluene <0.050 <0.50 <.052
Ethylbenzene <0.050 <0.50 <.052
Xylenes <0.050 1.75 <.052
MTBE 14 100 NA
Carbon Disulfide <5.0 9.5 NA
Nitrate 3,400 270 NA
Sulfate 97,000 1,600 NA
Ammonia 280 10,000 NA
Total Dissolved Solids 7,200,000 1,030,000 NA
Napthalene <8.3 <2.5 0.89
Acenaphthylene <17 <5.0 1.2
Acenapthene <8.3 34 0.63
Fluorene 5.7 <0.50 0.74
Phenanthrene 41 15 6.7
Anthracene 3.9 1.3 1
Fluoranthene 32 9.3 7.2
Pyrene 54 9.1 9.5
Benzo (a) anthracene 20 3.4 2.2
Chrysene 30 5.5 2.5
Benzo (b) fluoranthene 18 4.8 2.1
Benzo (k) fluoranthene 7.1 2 2.3
Benzo (a) pyrene 22 4 3
Indeno (1,2,3-cd) pyrene 16 5.4 1.8
Dibenz (a,h) anthracene 16 3 <0.25
Benzo (g,h,i) perylene 15 2.4 2.7
Antimony <60 <60 4.2
Arsenic 94 23 20
Barium 160 420 50
Beryllium <2.0 <2.0 0.38
Cadmium <5.0 <5.0 1.3
Chromium <10 <10 110
Cobalt <20 <20 13
Copper <10 <10 39
Lead <3.0 <3.0 61
Mercury <0.20 <0.20 0.24
Molybdenum <20 <20 2.1
Nickel <20 <20 42
Selenium <5.0 <5.0 0.79
Silver <5.0 <5.0 <0.24
Thallium <5.0 <5.0 6.7
Vanadium <10 <10 33
Zinc <20 <20 170

Notes:
1. TPH - Total Petroleum Hydrocarbons
2. TPHg - TPH as gasoline
3. TPHd - TPH as diesel
4. TPHm - TPH as motor oil
5. TPHc - TPH as Bunker C oil
6. SGC - Silica-gel cleanup
7. VOCs - Volatile Organic Compounds
8. BTEX - Benzene, Ethylbenzene, Toluene, Xylene  Compounds
9. NA - Not Analyzed
10. H - Heavier hydrocarbons contributed to the quantation
11. L - Lighter hydrocarbons contributed to the quantation
12. Y - Sample exhibits fuel pattern which does not resemble standard
13. Samples were analyzed for TPH by EPA Method 8015M
14. Samples were analyzed for BTEX by EPA Method 8021B
15. Samples were analyzed for VOCs by EPA Method 8260B
16. Samples were analyzed for Natural Attenuation by EPA Methods 300.0, 350.3, and 160.1
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