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1 EXECUTIVE SUMMARY 
 
On March 30-31, 2006 the Program Management Program Controls Consultant (PMPC) 
conducted a Value Management/Peer Review Workshop (VM) for the Downtown Extension 
(DTX) project on behalf of the Transbay Joint Powers Authority (TJPA). The VM study was held 
at PMPC Offices at 100 California Street, San Francisco, CA and was conducted under the 
guidelines of the Federal Transit Administration (FTA) and SAVE International (The Value 
Society). 
 
The subject of the study was the Concept Design prepared by the DTX Design Consultant and 
the Developed LPA Cost Estimate developed by the PMPC. The purpose of the workshop was 
to review the work completed to-date on the DTX project, and to identify areas where project 
cost and schedule efficiencies could be achieved through the use of alternate design, 
construction and management practices. 
 
The workshop was facilitated by Lewis & Zimmerman Associates, Inc. (LZA). A panel of twelve 
hand-picked experts in the disciplines of tunnel design, rail operations, geotechnical 
engineering, and construction management was assembled. Each individual was selected for 
his or her expert knowledge and experience in the industry. Other individuals representing San 
Francisco County Transportation Authority (SFCTA), Metropolitan Transportation Commission 
(MTC) and Caltrain also participated in the March 2006 workshop. 
 
At the conclusion of the workshop, the Value Management (VM) team presented their 
recommendations to the DTX project participants. These recommendations were subsequently 
presented in greater detail within the DTX Draft Value Management Report which was issued to 
TJPA/PMPC on April 19, 2006. 
 
This Draft Assessment Report has been prepared by the PMPC in conjunction with the DTX 
Design Consultant. The report provides categorization and initial evaluation of the VM team 
recommendations as a basis to identify those VM recommendations worthy of further study. It 
should be recognized that all of the VM recommendations require significant study by the PMPC 
team and DTX Design Consultant together with coordination, input and concurrence of rail 
operators Caltrain and California High-Speed Rail before a conclusion on the implementation of 
the recommendation can be reached.  
 
In addition to the evaluation of the VM recommendations, the Draft Assessment Report also 
presents a number of cost reduction options which have been identified and studied by the 
PMPC and DTX Design Consultant as part of the ongoing design development and the 
production of the Developed LPA Cost Estimate. 
 
The Report also presents a consolidated preliminary list of the VM team and PMPC cost 
reduction initiatives which the PMPC believes could reasonably and practically be implemented. 
It is likely that the listing will be the subject of considerable debate amongst all project parties 
prior to selection of VM and PMPC recommendation to be further studied. The Final 
Assessment Report will contain an updated listing based upon discussion and conciliation with 
designers, project stakeholders and operators.  
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The Report presents a strategy for implementing the developed recommendations, and 
identifies next steps to be made to accomplish the implementation goals. 
 
2 INTRODUCTION 
 
2.1 Overview of Project Design Requirements 
 
The Transbay Terminal/Caltrain Downtown Extension/Redevelopment Project Final EIS/EIR 
(March 2003) was certified by the San Francisco Redevelopment Agency, the San Francisco 
Planning Commission and the Peninsula Corridor Joint Powers Board in late April 2004. 
Subsequently the Preliminary Engineering conducted by the DTX Design Consultant has been 
consistent with the requirements of the approved environmental documentation.  
 
In addition to the requirements of the Final EIS/EIR, the DTX preliminary design has sought to 
accommodate design requirements of rail operators Caltrain and California High Speed Rail. 
The design requirements of both Operators are contained in the following documents: 
 

• Caltrain - Transbay Terminal Downtown Extension Engineering Design Basis Report, 
December 16, 2005 

• California High Speed Rail – Program Environmental Impact Report/Environmental 
Impact Statement, Engineering Criteria, January 2004 

 
Both documents have been used extensively in the development of the DTX design concept. 
 
Specific critical design criteria presented to the VM study team are listed in Report Section 3. 
 
2.2 Categorizing of VM Recommendations 
 
The PMPC and DTX Design Team have conducted a review of the VM recommendations and 
have produced an evaluation of each recommendation based upon its merits and impacts to the 
proposed DTX configuration and design.  
 
The recommendations have been consolidated into three broad categories, representing work 
which is currently in-scope, in-scope with variance and out of scope. Further discussion of the 
evaluation approach and presentation is included as Report Section 4. 
 
2.3 PMPC Value Management for Cost Reductions 
 
During the preparation of the updated cost estimate for the DTX project, it became apparent that 
the LPA, cost in 2006 dollars would be exceeded. As a result, the PMPC conducted a study to 
identify where and why project cost increases had occurred. 
 
It was determined that the project cost increased due to expanded scope, increases in 
quantities and unit rates, and an increase in the project contingency and soft cost components.  
 
As well as reviewing the project cost increases, the PMPC team performed an internal value 
management exercise to identify where specific project cost reductions could be achieved, while 
maintaining DTX project function and desired level of performance. The PMPC team identified a 
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number of significant cost reduction initiatives which could be implemented with little or no 
impact to, or input from external stakeholders. 
 
The primary factors contributing to the project cost increase, and the PMPC proposed measures 
to reduce the project cost are presented in Report Section 5. The anticipated project cost 
reductions which could be achieved through the implementation of the PMPC recommendations 
are presented in Appendix B. 
 
2.4 Recommended Implementation Plan 
 
During the course of the project development and the recommendations of the Value 
Management panelists, the PMPC staff and project design team have identified project scope 
items which may be further studied and considered for implementation in an effort to control 
project costs. The options and recommendations have been grouped into the following six (6) 
categories: 
 

• Design 
• Project Configuration 
• Mined Tunnel 
• Cut and Cover Tunnel 
• Contaminated and Excavated Materials 
• Contracting and Packaging 

 
The categorization will allow the PMPC to effectively manage the development of the identified 
cost reduction initiatives. Some of the identified cost reduction measure will require additional 
study while other may be implemented directly either in part or in whole.  
 
2.5 Next Steps 
 
In view of the major issues to be advanced in efforts to develop real project cost reductions, the 
current approach is to conduct “Design Workshops” with the designer of record and major stake 
holders to validate the identified cost reduction measures. 
 
3 PROJECT DESIGN REQUIREMENTS 
 
The Transbay Terminal/Caltrain Downtown Extension/Redevelopment Project Final EIS/EIR 
(March 2003) was certified by the San Francisco Redevelopment Agency, the San Francisco 
Planning Commission and the Peninsula Corridor Joint Powers Board in late April 2004. The 
Preliminary Engineering conducted by the DTX Design Consultant has been consistent with the 
requirements of the approved environmental documentation. 
 
In addition to the requirements of the Final EIS/EIR, the DTX preliminary design has sought to 
accommodate design requirements of rail operators Caltrain and California High-Speed Rail. 
Both Operators have prepared draft design criteria documents, which have been reviewed and 
incorporated into the DTX design concept. 
 
Some of these critical rail and structural design requirements which have been used to develop 
the current design configuration and concepts for the DTX project are identified in Table 3.1  
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below. These and other design requirements were presented to the VM Team as part of the 
project presentation on March 30, 2006. 
 

Table 3.1, Critical Rail and Structural Design Requirements 
Category Criteria 
Rail  
Design • Must accommodate Caltrain and HSR 

• HSR Rolling Stock Undefined 
Horizontal 
Alignment 

• Predefined alignment, consistent with LPA. 

Vertical Profile • Control Points at Transit Center (TC) Building Top of Rail & 
CP IRWIN Rail Interlocking 

• 2% Maximum Rail Gradient including curve compensation 
• 0.25% Maximum Rail Gradient in 4th and Townsend 

Underground Station 
• Platform, Interlocking and Crossovers restricted to 

Horizontal & Vertical Tangent Planes 
Operating/Function • Approx 30,000 patrons/day: 27,000 to TC Building and 

3,000 to 4th/King Surface Station 
• Caltrain Operations at 4th/King Street Station/Yard: 20 

hrs/M-F and 18 hrs/S-S 
• Union Pacific Retains Freight Track Usage Rights on 

Caltrain track 
Storage  • Caltrain Storage for 11 Consists of 8 cars each 

• HSR Storage undefined 
Platforms • Caltrain Requirement 800 ft  

• HSR Requirement 1,300 ft  
Structures  
Design • Provide 100 year design life 
Preservation • Requirements for Historic Building Preservation identified in 

EIR/EIS 
Construction • EIR/EIS prohibits Pile Driving within 250 ft of Residential 

properties. 
 
4 EVALUATION OF VM RECOMMENDATIONS 
 
The PMPC and DTX Design Team have conducted a review of the VM recommendations and 
have produced an evaluation of each recommendation based upon its merits and impacts to the 
proposed DTX configuration and design.  
 
The recommendations have been consolidated into three broad categories, representing work 
which is currently in-scope, in-scope with variance and out-of-scope, defined as follows: 
  

• In-scope – recommendation can be implemented as part of the current scope  
• In-scope with variance – recommendation is within the current scope of work for DTX 

but has implications for and requires review and approval from Operators or 
Stakeholders prior to implementation 
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• Out-of-Scope – recommendation is not within the scope of the current LPA scheme for 
DTX, and would thereby necessitate an addendum or revision to the environmental 
documentation phase of the project prior to implementation. 

 
Within each of the categories, the evaluations are presented in the same order as the Draft 
Value Management Study Report as defined below.  
 

• Railroad Issues 
• Tunnel issues 
• Cut-and-Cover Issues 
• Construction Management Issues 

 
Each of the evaluations is presented in a format similar to that developed for the original VM 
recommendation. A discussion of the advantages and disadvantages of each recommendation 
is presented, along with a general discussion of the project impacts. For some of the 
recommendations, which address more than one specific issue, some PMPC clarification of the 
focus of the response is provided. 
 
The respective evaluations are based purely on the technical merits of each recommendation. 
Due to the relatively short timeframe between receipt of the Draft Value Management Study 
Report and the issue of this report, the identified cost savings for the VM recommendations 
have not yet been assessed for their accuracy or validity. 
  
In selecting the recommendations from both the VM and PMPC teams for further studies, they 
will be ranked in an order of priority based upon a scale of 1-5, defined as follows: 
 

Table 4.1, Implementation Ranking 

Ranking Definition 
1 Ignore recommendation 
2 Not recommended 
3 Recommended for further study 
4 Highly recommended for study/implementation 
5 To be Implemented 

 
Those items ranked 3 and higher will be studied for potential implementation within the DTX 
project. During the study phase the project cost reductions suggested by the VM team will be 
fully assessed.  
 
5 PMPC VALUE MANAGEMENT INITIATIVES 
 
During the preparation of the updated cost estimate for the DTX project, it became apparent that 
the LPA cost in 2006 dollars. As a result, the PMPC conducted a study to identify where and 
why project cost increases had occurred. 
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It was determined that the project cost increased due to expanded scope, increases in 
quantities and unit rates, and an increase in the project contingency and soft cost components. 
The major contributors to the increase include the following: 
 

1. The Developed LPA estimate included for three tracks from the lead to the 
underground Fourth and Townsend Station through to the turnouts at the throat 
leading into the Transbay Transit Center Building as required by the Scope 
Statement in the FEIS/EIR. The FEIS/EIR estimate allowed only for two-tracks. 

2. The rail profile at the corner of Second and Townsend Streets was lowered 
significantly – in the order of 20-feet approximately – to avoid seismic tie-down 
anchors within retrofitted buildings. The net effect of lowering the alignment is to 
deepen the cut-and-cover structure on Townsend Street, and increase the length of 
the structure required to bring the tracks back to grade by the Caltrain Yard. The 
increased structure length is approximately 800 feet. 

3. The LPA estimate allowed for depressed storage within the existing Caltrain Yard. 
The updated estimate provides for a completely enclosed and backfilled deep 
underground storage box as required by the Design for the EIR/EIS. 

4. The current estimate has included many cost significant items while maintaining the 
FTA required contingencies which were previously carried within the project 
contingency, including excavation shoring, excavation dewatering, structure 
waterproofing and siteworks – fencing, paving, lighting etc. 

5. The updated cost estimate knowingly included conservative assumptions on the 
communications systems requirements for the DTX project, and for the volume of 
contaminated material disposal required, as these specific scope items had yet to be 
funded. 

6. The unit rate for disposal of contaminated material has increased from $94 per cubic 
yard, at the time of the LPA estimate, to $250 per cubic yard, as used in the updated 
estimate. 

7. Project design contingency has been applied in accordance with FTA guidelines. In 
addition to the required design contingency, which addresses scope creep, the cost 
estimate also includes a construction contingency, to address variations in unit 
rates. This combination of contingencies is generally 5-10% higher than used at the 
LPA estimate stage. 

8. Cost Variances in Tunnel & Shaft resulting from revisions to proposed tunnel 
construction methods and limits, and the introduction of an emergency 
egress/ventilation shaft at the intersection of Second and Harrison Streets.  

 
As well as reviewing the project cost increases, the PMPC team conducted an internal value 
management exercise to identify where specific project cost reductions could be achieved, while 
maintaining DTX project function and desired level of performance.  
 
The PMPC team identified a number of significant cost reduction initiatives which could be 
implemented with little or no impact to, or input from external stakeholders. 
 
The initiatives proposed by the PMPC included the following: 
 
PMPC-1 Provide a two-track tunnel system between the easternmost end of the 

Fourth and Townsend Street Station and the Transbay Transit Center (TTC) 
Building. 
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PMPC-2 Remove the underground storage structure and provide at-grade storage, 
within the existing Caltrain Yard. 

PMPC-3 Remove or shorten the tail tracks as supported by rail operation simulations 
PMPC-4 Provide an optimized configuration of the Fourth & Townsend and Fourth and 

King Stations, comprising a more unified layout. 
PMPC-5 Eliminate Fourth and Townsend Underground Station and split service 

between TC Building and the existing Fourth and King Station. 
PMPC-6 Revise the proposed construction methods for U-section and retaining walls 

in tunnel portal area. Use retained earth structures and sheet piling/soldier 
piles and lagging in lieu of deep soil mix walls and reinforced concrete 
cantilever retaining wall construction. 

PMPC-7 Review current design assumptions related to communications systems 
requirements for DTX. 

PMPC-8 Review current design assumptions related to the anticipated extent of 
contaminated materials, and volume of material disposal required. 

PMPC-9 Investigate the potential for storage and reuse of clean excavated materials.  
PMPC-10 Consider the use of support of excavation (slurry walls) which is integral with 

the permanent structure on Townsend Street, in conjunction with top-down 
construction. 

PMPC-11 Consider the use of steel truss framing in the cut-and-cover structures on 
Second Street, where long spans are necessitated by clearance 
requirements and right-of-way limitations, in lieu of precast girders and 
heavily reinforced long spans. Incorporate support of excavation (DSM walls) 
into the permanent structure. 

PMPC-12 Change number of drifts for tunnel mining operation in streets from that 
proposed for working under buildings to expedite construction. 

PMPC-13 Consider the use of design-build procurement for tunnel and cut-and-cover 
contracts to compress schedule and minimize construction escalation costs.  

PMPC-14 Replacement of surface jet grout in area of Colma Sands on Second Street 
with a grouted pipe roof canopy to stabilize ground long current alignment 

 
The cost implications for the implementation of these recommendations are presented in 
Appendix B. 
 
It was also recognized by the PMPC and the DTX Design Team that the horizontal and vertical 
tunnel clearances used in the development of the Developed LPA estimate were conservative. 
The current conservatism with clearances is partially based on the undefined proposed rolling 
stock for Caltrain and High-Speed Rail. Our team is working with Caltrain to define mutually 
acceptable clearances for the project, and may require variances on required clearance criteria 
from the CPUC as mutually agreed with Caltrain and HSR and based on the actual design DTX 
functional requirements. 
 
6 RECOMMENDED IMPLEMENTATION PLAN 
 
Grouping of the identified options by both the VM and the PMPC Teams into the following six (6) 
categories will allow the PMPC to effectively manage the development of the identified cost 
reduction initiatives. All of the reflected cost reduction measure will require additional study. The 
categories and cost reduction incentives associated with each are provided below. 
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In addition to the six in-scope categories, a separate study would be required to assess the 
feasibility of the loop concept proposed in VM recommendation RR-7. 
 
I - Design 
 

• PMPC-7: Communications System Design 
• PMPC-6: Use of Mechanically Stabilized Earth (MSE) for DT Approach Cuts 
• VM RR-3: Reduce Tunnel Width to Minimum Dimensions 
• VM RR-8 : Use of Direct Fixation Track for the Entire Project 
• VM T-1: Reduce Train Envelope for More Efficient Tunneling and Improved Cut-and-

Cover Clearances 
 

Each of the above items represent cost savings for the project. Each item will require 
separate studies. However, with the exception of the Communication System Design, the 
other items typically allow for a reduction in the size of the civil works structure and could 
represent a substantial cost savings.   

 
II - Project Configuration 
 

• PMPC-1: 2 Track Alignment 
• PMPC-2: Elimination of Underground Storage 
• PMPC-4/5: Determination of Fourth/Townsend Underground Station 
• PMPC-3: Elimination of Tail Tracks 
 
The majority of the above items could be investigated for applicability through the continued 
rail operations analyses currently underway. The integration of the Fourth/Townsend 
Underground Station and the current Fourth/King Surface Station would allow for more 
daytime storage for consists within the Fourth/King surface yard while still allowing for in-line 
TTC service to the same destination. Elimination or reduction in the tail track section would 
directly reduce cost and allow for limited consist storage prior to peak hour demand. There is 
a possible requirement that excavation from the Beale/Main Street side of the TTC will be 
required to mine out the train box below the TTC so as not to conflict with works underway in 
the Second Street throat structure. 
 

III - Contaminated & Excavated Materials 
 

• PMPC-8: Contaminated Material Quantity Estimate 
• PMPC-9: Re-Use of Contaminated Materials 
• VM CM-14: Disposal of Excavated Material 

 
Additional studies are planned to evaluate the existence and quantity of contaminated 
material along the project alignment. It is understood that precedence has been established 
within San Francisco to reuse excavated material that have acceptable low-levels of 
contamination. Variances and permits will be required to implement this option and 
restrictions/limitations of concentration and type of contaminate will also need to be defined.  
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IV - Mined Tunnel 
 

• PMPC-12: Reduce Number of Mined Drifts for Tunnel Excavation 
• PMPC-14: Use Grouted Pipe Roof Through Colma Sands on Second Street 
• VM T-6: Deepen Tunnel to Pass Under Colma Sand Valley 
• VM T-13: Review and Revise  Settlement Estimates 
• VM T-14: Eliminate Mined Tunnel Invert Waterproofing 
• VM CM-13: Utilization of Shaft at Second and Harrison 

 
The above items represent the cost reduction possibilities for the mined tunnel. Some of the 
items will be effective in reducing construction schedule while others could reduce the cost 
directly by reducing the amount of civil works required to construct mined tunnel. As with 
other cost reduction option, these options will require additional study and may be used in 
part or in whole. The most notable cost reducing options for the mined tunnel are believed to 
consist of the use of a grouted pipe roof canopy through the Colma Sands rather than 
deepening the tunnel alignment and changing the tunnel design from undrained to a drained 
structure. 

 
V – Cut and Cover Tunnel 
 

• PMPC-10 : Use Up/Down Construction for C/C Tunnel on Townsend Street 
• PMPC-11 : Use Steel Framing for Both Support of Excavation and Finished Structure on 

Second Street and Main Street 
• VM CC-1 : Reduce Fill Above Cut-and-Cover Sections 
• VM CC-5 : Eliminate Waterproofing on Cut-and-Cover 
• VM CC-10 : Use Tiebacks in Throat 

 
The majority of the above cost reduction options focus on the construction method to be 
used and minimizing excavation bracing requirements. The emphasis is to avoid 
construction of temporary works and use permanent works directly as the method of 
excavation support. In addition, there may be savings realized in the design of waterproofing 
for the permanent works. These options will require additional studies but are considered to 
be viable solutions for reducing project costs. 

 
VI - Contracting & Packaging 
 

• PMPC-13: Use of Design/Build Contract Delivery 
• VM CM-4: Reduce Contract Packages 
• VM CM-6: Means & Methods Flexibility 
• VM CM-7: Change from CM At-Risk to CM for Fee 
• VM CM-17: Modify Schedule for Utility Relocations 

 
The above identified cost reduction options are primarily focused on contracting strategy 
and methods of contract delivery. These options will be considered during the future phases 
of the work as they will most likely benefit the planning and contracting of the project to allow 
additional cost reductions. 
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Given the number of cost reduction option identified, the selection of the most beneficial option 
for implementation requires focused management. Critical to the selection of the most 
appropriate cost reduction options will require benchmarking the system performance as 
evaluated against the projected ridership for the project. This is currently underway through the 
ongoing rail operations analyses.   
 
However, other studies may commence concurrently which will assist in quantifying the potential 
limits structure size reductions. These studies will be focused on: 
 

• clearance envelopes for passenger only rail service, 
• requirements for  electrification, 
• use of direct fixation for track structure, and 
• requirements for fire and life safety.  

 
The issue of handling contaminated material may also be studied independently of other tasks 
and the options for re-use of excavated material may also be evaluated to determine not only 
the potential cost savings but the permitting that may be required to implement the identified 
cost reductions. 
 
In addition to the six in-scope categories, a study would be required to examine the feasibility of 
constructing the rail loop as described within recommendation RR-7. The loop concept would be 
studied in parallel with the in-scope recommendations. Ultimately it would be proposed that the 
loop be compared directly with the existing DTX configuration, as modified by the 
recommendations herein. Evaluation parameters would be established at the outset of the study 
and would include constructability, rail operations capacity and flexibility, and construction cost 
and schedule. 
 
7. NEXT STEPS 
 
In view of the major issues to be advanced in efforts to develop real project cost reductions, the 
current approach is to develop “Design Workshops” with the designer of record and major 
stakeholders to validate the identified cost reduction measures. The following “Design 
Workshops” are currently being planned or are currently underway: 
 

• Identify recommendations worthy of further study 
• Operations Simulations and Metric of Performance (underway) 
• Fourth and King Street Station/Yard Track Layout (underway) 
• Tunnel Design Clearance Envelops (Horizontal and Vertical) 
• Alignment Grades (if required) 
• Electrification Options 
• Maintenance & Operational Requirements and Costs 
• Track Fixation Selection 
• Ventilation Design and Signal Block Layout 
• Construction Phasing for Fourth and King Street Station/Yard 
• Fire and Life-Safety & Emergency Response Plans 
• Vulnerability Threat Assessments & Security 
• Design & Use of Mechanically Stabilized Earth Retaining Walls 
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Review of the current cost estimate for contaminated materials will be initiated and the use of a 
specialist firm will be evaluated. If it is determined that a separate peer review consisting of an 
appropriately qualified consultant, and that this consultant may be the most effective means in 
developing the revised estimate of contaminated material as well as the potential for reuse of 
the contaminated materials, recommendations for holding peer review will be provided. 
 
In an effort to expedite the feasibility and potential implementation of many of the cost reduction 
measures, the “operators” for the DTX will need to be in general agreement with the cost 
reduction options. Therefore, the PMPC will contact each potential operator to identify a “key” 
contact with whom the PMPC will be able to coordinate with on an ongoing basis to clearly 
delineate the issues where agreement in cost reductions may be achieved as well as those 
issues where cost reductions may not be readily confirmed or agreed to at this time, inclusive of 
those options where variances will not be allowed. A configuration tracking log will be developed 
to document all identified cost reduction options and the current status and disposition. The 
tracking log will be a working document for use by the PMPC and the Designer of record. 
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I IN SCOPE 

I.1 

 

VM Alternative: RR-8 

Description: USE DIRECT FIXATION TRACK FOR THE ENTIRE PROJECT 

VM Recommendation:  
Use a direct fixation (DF) for the entire DTX project instead of a combination of ballasted 
and embedded track.  

Advantages: 

• Reduction in cut and cover subway 
costs and potential tunneling costs due 
to reduced depth of track structure 
compared to ballasted track. 

• Reduced track maintenance costs 

Disadvantages: 

• Track geometry, particularly 
superelevation, must be firmly 
established prior to construction and 
cannot be easily changed thereafter. 

• Not suitable where differential 
vertical movement of subway cannot 
be controlled. 

Discussion: 
The scope of work for the conceptual engineering task 5.1 (Typical Sections) includes a 
comparative evaluation (including life cycle costs) associated with three different types of 
track. The cost analysis will include any reduced costs of the tunnel or subway construction 
due to potential differences in track structure depths and mitigation requirements for 
controlling differential vertical movement. Taken by itself, the cost of DF track is more 
expensive than ballasted track. However, depending on the tunnel configuration (principally 
the height of the walkways) the diameter of the tunnel might be reduced with DF track. 

 
Other issues that concern the selection of track type include: 
 

1. The ability to re-profile track in the cut-and-cover subway due to vertical movement of 
the structure induced by variations in groundwater levels. 

2. The ability to adjust actual superelevation, either up or down, based on actual 
operating experience. 

3. The ability to repair and replace rail and fasteners damaged by derailments. 
 
Conclusion: 
The use of direct fixation track will be studied  as part of ongoing design development. 
 

Implementation Ranking: 
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I.2 VM Alternative: T-6 

Description: DEEPEN TUNNEL TO PASS UNDER COLMA SAND VALLEY 

VM Recommendation:  
Deepen the tunnel invert by approximately 25 feet so it can pass under the buried Colma 
Sand "valley" between STA 167+00 and STA 169+00. This will avoid the mixed-face condition 
during tunnel construction. 
Advantages: 

• Eliminates the potential for 
mixed-face tunnel conditions. 

• Reduces risk of large ground 
losses and associated surface 
settlements and impacts to 
nearby buildings and structures.. 

• Eliminates the need for jet grouting, 
thereby reducing construction cost, 
and reducing surface impacts. 

• Grades required to pass below 
valley would also provide for 
additional rock cover under the 
existing buildings reducing potential 
damage and mitigation 
requirements. 

Disadvantages: 

• Deepening of the tunnel alignment 
requires a significant grade increase on 
Townsend and Second Streets that 
exceed current Caltrain design criteria. 

• Potentially unacceptable combination of 
horizontal and vertical curvature at the 
Second Street throat area for HSR 
vehicles. 

• Increased grades result in adverse 
effects to train operations – increased 
headways required, and require 
increased track maintenance. 

 

Discussion: 
The elimination of the section of mixed-face tunneling through revising the tunnel profile will 
lower the risk associated with the mined tunnel through elimination of a potential ground 
loss scenario with related building movements. The suggestion also eliminates the need for 
jet grouting within Second Street, thereby minimizing impacts to residents and surface 
traffic. 
 
The implementation of this recommendation would necessitate an evaluation of the impacts 
upon rail operations of increased track grades to avoid the buried valley. 
 
The lowering of the tunnel alignment has a profound effect upon the vertical geometry of 
DTX. The Colma Sand is underlain by a layer of colluvium. The low point of the colluvium 
layer is at elevation -38 at STA 168+00. With the three-track tunnel section that has been 
developed for the conceptual engineering, and allowing for an appropriate  thickness of rock 
between the extrados of the tunnel liner and the colluvium, the top of rail must be lowered to 
elevation -82. This is approximately 40 feet lower than the original profile. These 
assumptions regarding the extent of the required profile lowering must be verified by further 
study. 
 
The resulting profile has a grade of 2.9% descending from the TTC, with a compensated 
grade of 3.4%. Both grades exceed the current maximum of 2% required by Caltrain, and 
the compensated grade exceeds even the 3% maximum recommended by the VM team 
(RR-6). 
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I.2 VM Alternative: T-6 

Description: DEEPEN TUNNEL TO PASS UNDER COLMA SAND VALLEY 

 
With a two-track tunnel the resulting grades are approximately 2.5% and 2.9% 
(compensated for curvature). These still exceed the 2% maximum Caltrain design criteria. 
 
Of great concern with either tunnel (is the combined horizontal and vertical curvature at the 
approach to the TTC. The horizontal alignment is at maximum allowable curvature (500 foot 
radius). Combining this sharp horizontal curvature with vertical curvature is creates 
additional twisting of the vehicles. HSR  vehicles, because of their stiff suspensions and 
trucks, are not designed for sharp twisting. The current design has a very flat vertical curve 
which is considered acceptable. If not, the vertical curve could be moved to the tangent 
section of the alignment in Second Street. The proposed lowering of the grade would 
require much sharper vertical curvature. If the HSR vehicle is unable to accommodate the 
vertical curvature within the throat, there would be no opportunity to shift the vertical curve 
to a tangent alignment. Therefore, without mechanical rolling stock specifications and 
dynamic modeling of this situation, we cannot be assured that the resulting geometry will be 
acceptable for HSR equipment. 
 

Conclusion:  
The anticipated construction cost savings from avoiding the area of Colma Sand may be 
significant. However, based upon current assumptions from a geometric standpoint, this 
recommendation would exceed the current design criterion for maximum grade, and in any 
event would need further exploration at later stages of the project to ensure the 
acceptability of the vertical geometry. Based on the potential project cost savings some 
further study of this recommendation is warranted to confirm the extent of profile lowering 
required, and the resulting grades and curvatures. 

Implementation Ranking:  
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I.3 VM Alternative: T-13  
Description: REVIEW AND REVISE SETTLEMENT ESTIMATES 

VM Recommendation:  
Review and revise the settlement estimates for adjacent buildings and use a ground loss 
estimate in the range of 1/2% in lieu of 1%. However, advanced measures to control the effects 
of settlement may not be required. An allowance for repair of minor damage to structures 
should be maintained. 
Advantages:  

• Provides more realistic ground 
movement estimates based with 
inherent reduction in forecast building 
damage. 

• Reduces building mitigation costs. 
 

Disadvantages: 

• None apparent. 

Discussion:  
The analysis undertaken and documented within the Tunnel Alternatives Report provided a 
comparative estimate of unmitigated surface settlement and building damage for the 
alternatives evaluated. It is accepted that the current methods of analysis may yield overly 
conservative results. As the tunnel below the buildings is in rock, ground losses and related 
movements are expected to be small. In addition, the buildings are principally brick load 
bearing wall structures retrofitted with steel frames which will be more tolerant of movements.  
 
While this recommendation will be discussed and may be warranted, it may be prudent at this 
conceptual level of engineering, to retain the current cost “contingency” for building mitigation.  

Conclusion:  
Notwithstanding the conclusion of the discussion, the appropriate use of a smaller ground loss 
estimate for the tunnel alternatives will be investigated.  
The approach to access potential building movement and required mitigation measures may be 
based on lining deformations analyses using FEM/FED models such as PLAXIS or FLAC, 
respectively. Developing the model mesh, ground vector strains may be determined at building 
foundations to allow a more refined engineering evaluation and review of tunnel lining support 
and corresponding building mitigation measures. 

Implementation Ranking:  
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1.4 VM Alternative: T-14  

Description: ELIMINATE MINED TUNNEL INVERT WATERPROOFING 

VM Recommendation:  
Eliminate the waterproofing membrane on the invert of the mined tunnel segments. Since the 
Franciscan Formation is expected to be relatively impervious, retain the membrane over the 
tunnel crown and include a geotextile behind it to relieve water pressure and drain it to the 
invert where it is collected into a sub-invert drain. The big cost saving is that the tunnel invert 
no longer has to be designed to withstand water pressure, so it is flatter, reducing the overall 
tunnel cross section.  

Advantages: 

• Eliminates cost of waterproofing 
installation on the invert of the 
tunnel. 

• Reduced excavation volume 
due to flatter invert. 

• Improves constructability. 
• Reduces loads on final lining, 

which could result in thinner, 
more cost-effective final lining. 

 

Disadvantages: 

• Would result in more water infiltration into 
tunnel, although the amount of additional 
infiltration may not be significant since the 
planned membrane would not be expected to 
be completely watertight. 

• May require more extensive drainage system 
to remove infiltration. 

• Drainage system would have to be regularly 
maintained to prevent build up of hydrostatic 
pressures on tunnel lining. 

•  
 

Discussion:  
The rock – both the sandstone and mélange - is expected to be relatively impervious, thereby 
resulting in nominal groundwater infiltration into the tunnel.  

 
However, with the introduction of an under-drain system comes a requirement for continued 
monitoring and maintenance to ensure that the tunnel lining does not become distressed by a 
build-up in hydrostatic pressures.  
Conclusion:  
The implications of the removal of the waterproofing system from the mined tunnel invert 
should be studied. 

Implementation Ranking:  
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I.5 VM Alternative: CC-1 

Description: REDUCE FILL ABOVE CUT-AND-COVER SECTIONS 

VM Recommendation:  
 
Reduce the depth of fill above the cut-and-cover section by adding a structural relieving 
platform 15 feet Below-grade level or whatever minimum depth is governed by the need to 
accommodate the utilities. To achieve this, the roof of the tunnel box would be raised, resulting 
in a taller box. 
Advantages: 
 
• Reduced backfill volumes 
• Reduced roof structure requirements  

Disadvantages: 
 
• May have to tie cut-and-cover tunnel 

into DSM soldier piles to guard against 
uplift 

• Increases vertical wall spans – offsets 
savings in roof costs. 

• Seismic racking of heightened box 
structure will be a major design issue. 

Discussion:  
The cut-and-cover structures are deep in many areas and require significant volumes of 
backfill to restore existing grade. It is currently assumed that excavated material will be 
removed from the site and replaced with clean backfill. This assumption bears a premium cost. 
The load relieving platform serves to reduce the height, weight and cost of fill acting upon the 
roof slab. 
 
By increasing the roof height, the tunnel wall span will increase so no net saving in structure 
cost may be realized. Detailing of the structure may become problematic due to increased 
seismic racking. 
Conclusion: 
There is some merit in the suggestion to introduce a concept involving a relieving platform. 
The design team will be further assessing the configuration of the cut-and-cover construction 
over the coming months which should include an assessment of an optimal platform height 
which balances fill and roof design requirements with seismic performance and structural 
wall requirements. 

Implementation Ranking:  
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I.6 VM Alternative: CC-5 

Description: ELIMINATE WATERPROOFING ON CUT-AND-COVER 

VM Recommendation:  
Eliminate the waterproofing membrane on all cut-and-cover sections. 
 
Advantages: 
 
• Eliminates cost and schedule associated 

with installing membrane. 
• Membrane effectiveness is open for 

debate within the underground 
construction industry. 

• Difficult to place effectively over roof 
spans with integral support of 
excavation. 

Disadvantages: 
 

• Concrete becomes waterproofing 
membrane. Requires careful quality 
control of placement and curing on site. 

 

Discussion: 
 

The merits of waterproofing cut-and-cover structures are open to debate. There is some 
question as to why a product with a relatively short design life, say 15 years, and which is 
susceptible to damage during installation, is used to protect an owners asset with a serviceable 
life of 100 years or so. The use of cement replacement materials, such as pulverized flash, to 
limit heat of hydration and incidence of early thermal cracking, and other specified measures in 
conjunction with quality control on site should be sufficient to produce a watertight structure.    

Conclusion:  
We agree with the recommendation. 

Implementation Ranking:  
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I.7 VM Alternative: CM-1 

Description: DEFER THIRD-TRACK INSTALLATION 

VM Recommendation:    
 
Defer the installation of the third track and associated signal/systems equipment until ridership 
and traffic require the additional line. 

Advantages: 

• Defers the supply and installation 
costs of track and systems until the 
third track is needed 

Disadvantages: 

• Recommendation is only valid for three-
track DTX system. 

• Costs to install third track and systems 
will significantly increase when DTX is 
operating due to limited work windows. 

• Caltrain and HSR will not be tolerant of 
operational delays resulting from track 
and systems installation. 

 
Discussion: 
 
This recommendation is only valid for a three-track DTX alignment. Deferral of the third track 
installation would have to be supported by rail operations analysis on the basis that either 
Caltrain or HSR is not in a position to operate within the DTX on the date of opening. 
 
Construction of a third track after DTX is operating would result in a higher construction cost 
due to the limited construction windows available to minimize disruption to rail service. Neither 
Caltrain nor HSR will be tolerant of operational delays resulting from track and systems 
installation. 

Conclusion: 
The cost savings obtained from deferring the third track installation do not appear to 
outweigh the costs associated with the disadvantages of this recommendation. It does not 
appear to be economically or operationally feasible to implement this recommendation. 

Implementation Ranking:  
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I.8 VM Alternative: CM-4 

Description: REDUCE CONTRACT PACKAGES 

VM Recommendation:    
 
Reduce the number of construction packages from six to three to reduce overhead, 
mobilization, and administrative cost. 

 
Advantages: 

• Reduces overhead, mobilization 
and administration cost 

• Greater interest from larger 
contractors 

• Fewer contract interfaces 
• Less pressure on limited staging 

areas 

Disadvantages: 

• Reduces bid competition 
 

Discussion: 
 

The objective of the Contract Packaging Strategy for DTX was to present an implementation 
approach for the project which was reasonable. The approach identified six packages based 
upon location, nature of construction and contract value. 
 
By reducing to three packages the contract values would exceed the bonding capacity of any 
single contractor, thereby requiring contractors to joint venture, reducing competitive bids. 
However, a reduction in the number of packages will reduce costs as identified above, and 
reduce the pressure on the staging areas for DTX which are limited in number. 

Conclusion: 
It is unlikely that the number of civil packages can be reduced from six to three. However, 
the potential for reducing the number of packages to five or four should be investigated. 

Implementation Ranking:  
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I.9 VM Alternative: CM-6 

Description: MEANS AND METHODS FLEXIBILITY 

VM Recommendation:    
 
Provide for design/construction means and methods flexibility. The cost impact of this is 
substantial and could reach as much as $20M. 

Advantages: 

• Maximizes use of available 
specialized underground construction 
resources in the Bay Area by allowing 
the use of different techniques in 
different construction packages. 

• Maximizes competition to obtain lower 
bid prices 

Disadvantages: 

• Additional design cost 
• Less “engineering control” over the 

contractors’ means and methods 
 

Discussion: 
This performance specification based approach provides maximum flexibility to allow 
contractors to adopt the use of their (proprietary) techniques to minimize cost and submit 
competitive bids for temporary structures – support of excavation, shoring, decking, and for 
permanent structures – SEM tunnels, resulting in lower construction costs.   
 
An alternative approach is to allow contractors to propose value engineered solutions to 
fully-designed structures. However, in this instance, the contractor would split any savings 
with the owner. 
 
In terms of realizing maximum value to the owner, the former approach would be 
recommended. 

 

Conclusion: 
The use of performance-based specification for construction works as described above 
should be investigated. However, recommendations on this type of approach would not be 
finalized until a later stage of the design process. 

Implementation Ranking:  
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I.10 VM Alternative: CM-7 

Description: CHANGE FROM CM AT-RISK TO CM FOR FEE 

VM Recommendation:    
 
Change from a CM At-Risk concept to a CM for fee (10% fee). 
 

Advantages: 

• Significantly reduces CM cost 
• Greater technical expertise available for 

rail projects  
• Eliminates markup on extras 

Disadvantages: 

• More interfaces 
• Less incentive to maintain 

schedule and cost 
• Unknown final cost 

Discussion: 
 

CM At-risk work has tended to be specific to the building industry and known practitioners 
have little expertise in specialized work like tunneling. A CM At-risk would be required to 
introduce a sub-contractor to effectively manage the specialized components of the project 
construction. The CM has incentive to complete the work faster or with fewer personnel to 
maximize revenue based upon a fixed fee. 

 
Significant cost savings may be realized through the use of a traditional CM, based upon a 
10% fee as opposed to a 12% fee currently retained for a CM At-Risk. However, as 
traditional CM has no financial incentive for early completion, the longer the work extends, 
the more they are paid. Consequently, the final difference in costs between the two practices 
may not be as large as first indicated on a percentage basis.  

Conclusion: 
The use of traditional CM in lieu of CM At-risk appears to offer significant cost advantages 
for the DTX Project and will be investigated further. 

Implementation Ranking:  
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I.11 VM Alternative: CM-10 

Description: ADOPT A PUBLIC PRIVATE PARTNERSHIP  

VM Recommendation:    
 
Adopt a Public Private Partnership (PPP) approach for project delivery. 

Advantages: 
 

Disadvantages: 
 

Discussion: 
 
 

Disposition 
 

Implementation Ranking: 
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I.12 VM Alternative: CM-13 

Description: UTILIZATION OF SHAFT AT SECOND AND HARRISON 

VM Recommendation:    
 
Use the proposed shaft at Second and Harrison Streets for mining access to two additional 
mining headings. This may reduce the overall construction schedule by as much as four 
months. 
 
Advantages: 

• Shortens the mined tunnel duration 
by approximately four months 
reducing contract construction, 
administration and escalation costs 

• Provides additional working faces 
for mined tunnel contractor 

 

Disadvantages: 

• The currently available staging area is 
small in size, and provides limited space 
for laydown of materials and placement 
of equipment.  

Discussion: 
Though the available staging area at the corner of Second and Harrison Streets is small in 
size, it is currently envisioned that an emergency egress/ventilation shaft will be located 
upon the site. As a shaft will be located upon the site, it makes sense to maximize the 
opportunity that the shaft presents in terms of creating additional faces for the tunnel mining 
operation. 
 
The advance rate for the mined tunnel staged from the shaft will be slower than at the 
portals due to the lack of available staging space. However, a reduction in construction 
duration for the mined tunnel will be achieved.  

 

Conclusion: 
The use of the proposed shaft at Second and Harrison Streets for the creation of additional 
mining access should be investigated further. 

Implementation Ranking:  
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I.13 VM Alternative: CM-17 

Description: MODIFY SCHEDULE FOR UTILITY RELOCATIONS 

VM Recommendation:    
 
Modify the schedule for advanced utility relocations on Townsend and Second Streets. This 
could advance the construction schedule by as much as six months. 
 

Advantages: 

• Shortens project duration  
• Cost savings due to reduced 

escalation  
• Provides additional schedule float to 

minimize risk of delay due to third-party 
utility relocations 

Disadvantages: 

• None apparent 

Discussion: 
 

The timing of the mined tunnel is not predicated upon the utility contracts to the extent thought 
by the VM team. The release date for the mined tunnel contact is based upon the length of 
time required to prepare final design, prepare the bid package for procurement through the 
City of San Francisco, and bid and award the contract. It is unlikely that the six-month saving 
in schedule indicated can be realized. 

Conclusion: 
Though the suggested six-month schedule saving may not be achievable, the DTX team 
will continue to evaluate this and other potential schedule reductions. 
 

Implementation Ranking:  
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I.14 VM Alternative: CM-22 

Description: ADOPT OWNER CONTROLLED INSURANCE POLICY 

VM Recommendation:    
 
Establish an owner-controlled insurance policy (OICP). Contractors may have to pay 2.0% of the 
total project value for insurance verses approximately 1.8% for an owner. 
 
Advantages: 

• Consolidated programs in larger projects 
can bring advantage to the owner in the 
insurance purchasing process, including 
coverage enhancements such as excess 
professional liability insurance with higher 
limits of coverage than available from 
design professionals; excess pollution 
liability insurance above limits required of 
contractors; and specialty coverage, such 
as railroad protective liability insurance for 
construction on or near operating rail 
lines, not available to most contractors. 

• Provides owner with the greatest 
guarantee that the insurance is adequate 
– sufficient areas of coverage, sufficient 
limits that are project specific, sufficient 
period of coverage, etc. 

• Owner deals directly with insurers and 
does not rely on third party negotiations 
by individual contractors to provide 
adjustments to individual insurance 
policies to meet bid requirements  

• Provides the owner with opportunity to 
coordinate transition from construction to 
operation insurance programs. 

 

Disadvantages: 

• Places administrative burden on Owner. 
Consolidation of insurance programs 
creates additional administrative work 
for the owner, especially with front-end 
set-up of the consolidated program. 

• Cost savings derived from owner control 
of the premium is based on an 
approximation at the time of the 
contractor’s bid and could vary 
depending on the market cycles of the 
insurance industry. Savings may not be 
easily quantifiable or realized. 

• Mid-sized and smaller firms are not as 
familiar with consolidated insurance 
programs. 

Discussion: 
A comprehensive study of the potential benefits to the Transbay Program through the introduction 
of OCIP has not been initiated as yet, as the Program is in its conceptual stages. 

Conclusion: 
The use of OCIP will be studied as the Transbay Program moves forward, and will be 
implemented if sufficient benefit can be demonstrated. 

Implementation Ranking:  
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II. IN SCOPE WITH VARIANCES 
 

II.1 VM Alternative: RR-1 

Description: REDUCE STATION PLATFORM LENGTH FROM 1,300 FT TO 1,000 
FT 

VM Recommendation:    
Reduce the station platform length at the Transbay Transit Center Building from 1,300 feet 
to 1,000 feet. 

Advantages: 

• Significantly reduced costs for Transit 
Center Train Box 

Disadvantages: 

• Reduced platform lengths will limit 
selection of HSR equipment 

• Reduced train length may demand 
more consists to meet passenger 
forecasts and achieve desired level 
of service. 

• Drives capacity for Statewide service. 
Discussion:  
 
The 1,300 feet (more precisely, 400 meters or 1,312 feet) length of the platforms is in 
accordance with the design criteria for the California High-Speed Rail system1. One of the 
requirements of the DTX/Transbay Transit Center (TC) project is to accommodate high-speed 
rail trains.  
 
Many HSR consists globally are approximately 1,000 feet in length or less. However, proposed 
criteria for HSR are not based solely upon requirements for 2020, but have been established to 
provide some operational flexibility to serve future demand/capacity over the serviceable life of 
the TTC. 
 
Furthermore, it must be assumed that the length of the proposed HSR consist has been based 
upon ridership forecast/demandA reduction in consist length would effectively limit the type of 
rolling stock HSR could procure, and may necessitate that more trains have to be run to 
provide the desired level of service.  
 
HSR design criteria has been established to provide a consistent statewide standard. A 
reduction in standard to suit TTC will affect the statewide system. 
 

 
Conclusion: 
The recommendation does not suit the long term planning of HSR and will not be 
implemented.. 
 

                                                 
1 California High-Speed Train, Program Environmental Impact Report/Environmental Impact Statement,  
Engineering Design Criteria, January 2004, ¶ 4.1 Station Platforms 
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Implementation Ranking:  
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II.2 VM Alternative: RR-3 

Description: REDUCE TUNNEL WIDTH TO MINIMUM DIMENSIONS 

VM Recommendation:    
Reduce the tunnel width to the California Public Utilities Commission minimum of 8 feet, 6 
inches for tangent track and potentially request for operation at 7 feet clearance where 
needed. 

Advantages: 

• Reduced mined tunnel and cut-and-
cover structure construction costs 

• Reduced span lengths for cut-and-cover 
structures potentially allows introduction 
of intermediate support at the Second 
Street “throat” area.  

Disadvantages: 

• A 7’-0” clearance will be insufficient to 
accommodate the vehicle dynamic 
envelope and still accommodate 
emergency egress and tunnel and rail 
systems spatial requirements. 

• The minimal clearance proposed only 
works effectively when the trackbed is 
proposed as the emergency egress 
route/walkway and rolling stock is 
endloading 

Discussion: 
 

The DTX Design Team has been, and continues to investigate the required clearance profile for 
the DTX project, with the goal of a practical minimization of the vertical and horizontal clearance 
profile.  
 
Currently, the proposed clearances adopted by DTX are in the order of 8’-6”, corresponding 
with the CPUC minimums for passenger only operation. The clearance profiles developed for 
DTX indicate that the dynamic envelope of the rolling stock will extend 6’-1” from the track 
centerline, leaving only 11” of space to accommodate all egress, equipment and maintenance 
requirements. Preliminary cross-section drawings, indicating the spatial requirements for the 
DTX operation are included as Appendix C.  
 

Based upon the current configuration of the tunnel cross section, it is unlikely that the 7’-0” 
dimension is sufficient to accommodate the operating and emergency requirements of the 
DTX project. 

 
Conclusion: 

While it is unlikely that a side clearance of 7’-0” will accommodate the operating and life 
safety criteria for the project, the DTX design consultant will continue to seek practical 
reductions in the tunnel clearance envelope.   

Implementation Ranking:  
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II.3 VM Alternative: RR-4 

Description: REDUCE TUNNEL HEIGHT FROM 21 FT., 6 IN. TO 17 FT., 6 IN. AND 
INSTALL A 1,500 V DC BUSS BAR IN LIEU OF USING 25 KV (AC) 
CATENARY 

VM Recommendation:  
Reduce vertical clearance from 21 feet, 6 inches to 17 feet, 6 inches and install 1500 VDC 
ceiling buss bar to power trains in lieu of the 25kV. Modify the tunnel envelope. 

PMPC Comment:  
Based upon current electrification technology, it is considered likely that the catenary 
requirements for 25 kV AC can be installed within a similar clearance envelope as a 1,500 V dc 
buss bar system. Therefore the evaluation of the recommendation has not been based upon 
the issue of clearance, which is discussed in the response to recommendation RR-3, but 
focuses instead on the electrification issue. 
Advantages: 

• If Caltrain has not electrified prior to 
DTX opening, it may potentially be 
possible to retrofit the existing 
Caltrain rolling stock to operate in 
dual mode. However, this possibility 
is considered remote. 

Disadvantages: 

• 25 kV AC is the current rail industry standard 
for electrification. 

•  
• If 1,500 V DC is installed dual-mode or dual-

source locomotives would be required for 
Caltrain and HSR to operate within the 
tunnels, introducing higher capital and 
maintenance costs for vehicles, and higher 
maintenance costs for the power system. 

• Will require one or two 1500 V dc substations 
in addition to the power supply system 
proposed for the Caltrain 25 kV electrification 
program. 

• Incompatible with proposed power supply 
system for both Caltrain & HSR. 

• Higher maintenance and operating costs than 
with HVAC systems. 

• Busbar OCS installation costs higher than for 
HV catenary OCS – frequency of supports 
and conductor costs. 

• Additional stray current control costs for 
direct current 

• The recommendation imposes a localized 
design variance on Statewide HSR 
operations. 
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II.3 VM Alternative: RR-4 

Description: REDUCE TUNNEL HEIGHT FROM 21 FT., 6 IN. TO 17 FT., 6 IN. AND 
INSTALL A 1,500 V DC BUSS BAR IN LIEU OF USING 25 KV (AC) 
CATENARY 

Discussion: 
Current proposals call for both California High-Speed Rail (HSR) and the Caltrain mainline to be 
electrified at 25 kV 60 Hz AC, with the latter using a 2 x 25 kV auto-transformer supply (ATS) 
system. It is probable that an ATS system would also be adopted for the HSR, in order to 
minimize the number of primary substations and utility inter-connection points. 
 
A 1500 V DC system was investigated for electrification of the Caltrain mainline and was 
determined to be not viable economically, due to the increased number of substations and added 
real estate acquisition costs, plus the much higher electrical losses and operating costs that are 
associated with a dc system. 
 
If the DTX is electrified at 1500 V DC, all vehicles - Caltrain and HSR - would have to carry 
additional power conversion equipment, which would add to the vehicle weight, complicate and 
increase maintenance costs, and add to operating costs. 
 
1500 V DC Busbar Overhead Contact Systems (OCS), employing an aluminum busbar 
supporting a copper contact wire, have been used extensively in the major cities in South Korea 
for heavy metro-rail systems. Typical installations have substations spaced at 2.25 – 2.50 miles, 
dependent upon loads, so it is probable that the DTX would require two substations – one on the 
surface located, presumably, somewhere in the San Francisco Yard and one underground at or 
near the Transit Center Building. However, a full power system load flow study would be required 
to confirm the actual requirements. 
 

 
Conclusion: 
Clearance reductions will continue to be investigated as discussed in evaluation RR-3. 
However, the use of 1,500 V DC buss bar in lieu of 25 kV AC is not recommended. 

Implementation Ranking:  
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II.4 VM Alternative: RR-6 

Description: INCREASE MAXIMUM TRACK GRADE FROM 2% TO 3% 

VM Recommendation:    
Increase maximum track grade from 2% to 3%. 

Advantages: 

• Shortens length of tunnel approach 
structures 

• Allows profile deepening under 
building structures at corner of 
Second and Townsend Streets. 

 

Disadvantages: 

• Potential for wheel slippage due to 
requirements for rail lubrication 

• Increased O&M costs due to higher power 
consumption to accommodate the 
increased grades  

• Effective headways of trains are increased 
due to the increased signal block lengths 
required to prevent trains from having to 
stop/start on grade. 

Discussion: 
An increase in allowable grade from 2% to 3% primarily affects the tunnel approach 
structures in the existing Caltrain yard. 
 
An increase in grade will promote steeper but shorter approach structures, and will allow 
deepening of the tunnel profile under the buildings at the corner of Second and Townsend 
Streets.  
 
However, the maximum grade (compensated for curvature) for the DTX project, as specified 
by Caltrain in their Engineering Design Basis Report is 2.0%. The current design complies 
with this requirement. Based on the current level of the design the maximum grade at the 
tunnel portal  is about 2.1%.  While HSR may accommodate steeper grades at speed, at the 
lower speeds anticipated in the vicinity of TTC and 4th and Townsned Station, increased 
grades may present operational issues for HSR vehicles also. 
 
It is likely that due to the tight radii of the curves on the DTX alignment, the rails will require 
lubrication. The lubrication of the rails in conjunction with steeper gradients will have a 
tendency to promote wheel slippage, resulting in train delays which represents an 
undesirable situation.  
The DTX Design Team has an agreement to approach Caltrain/HSR to seek a variance from 
the project design criteria where alignment constraints dictate that specified criteria cannot 
be met. 
 
 
Conclusion: 
The proposed grade increase presents adverse operational and maintenance issues for 
DTX. No further study of this recommendation is proposed.  
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II.4 VM Alternative: RR-6 

Description: INCREASE MAXIMUM TRACK GRADE FROM 2% TO 3% 

Implementation Ranking:  
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II.5 VM Alternative: T-1 

Description: REDUCE TRAIN ENVELOPE FOR MORE EFFICIENT TUNNELING AND 
IMPROVED CUT-AND-COVER CLEARANCES 

VM Recommendation:  
 
Reduce train envelope for more efficient tunneling and improved cut-and-cover clearances. 
Smaller diameters will allow for efficient use of circular TBM machines. 
 
PMPC Comment:  
This VM recommendation has two components; (1) reduced train dynamic envelope, and (2) use 
of TBM. There is some overlap of this VM recommendation with other proposals. 
 
The use of TBM tunnel methods is discussed separately in the response to recommendation T-7, 
and horizontal/vertical clearances in recommendation RR-3. The response below relates 
exclusively to the recommendation to reduce the train dynamic clearance envelope.  

Advantages: 

• Reductions in train dynamic 
clearance envelope will reduce 
the construction cost and 
schedule duration of the mined 
and cut-and-cover tunnel 
sections. 

• A reduced  tunnel vertical 
clearance will provide greater 
rock cover beneath the existing 
buildings (if the top of rail is not 
raised) reducing the potential for 
damaging the buildings and 
mitigation requirements. 

 

Disadvantages: 

• Any proposed reductions in train dynamic 
clearance envelope must not restrict 
Caltrain/HSR options for future rolling stock 
procurement.  

Discussion:  
 
The current clearance outlines for the tunnel and subway sections have been developed on the 
basis of dynamic vehicle envelopes developed for the Caltrain Electrification program, plus 
provisions in CPUC General Orders 26-D and 143-B. The static vehicle outline is a composite of 
three vehicles: 
 

– Caltrain Gallery car. 

– Bombardier bi-level commuter car, currently used for Caltrain’s “Baby Bullet” service. 

– Amtrak Superliner Car. 
 
The dynamic envelope of the composite vehicle consists of translation and rotation to allow for 
the effects of track superelevation, lateral shifting of vehicles, track cross level deviation, vehicle 
roll and bounce, and vehicle inswing/outswing on curves. 
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II.5 VM Alternative: T-1 

Description: REDUCE TRAIN ENVELOPE FOR MORE EFFICIENT TUNNELING AND 
IMPROVED CUT-AND-COVER CLEARANCES 

 
While investigation of potential envelope reductions can be made it must be recognized that 
neither Caltrain nor HSR have selected the rolling stock which will be used within the DTX 
tunnels. Furthermore it is anticipated that such a decision from either operator is several years 
distant. Any proposed reductions to the vehicle envelope must be made in conjunction with 
Caltrain and HSR, but at this early stage should not impose restrictions upon rolling stock 
selection.  
 
 
 
Conclusion:  
In conjunction with Caltrain and HSR the DTX Design Team will continue to investigate 
potential reductions in the train dynamic clearance profile for equipment likely to be utilized in 
the DTX tunnels.  

Implementation Ranking: 3 

 

II.6 VM Alternative: T-7 

Description: USE A SMALLER DYNAMIC ENVELOPE AND DRIVE THE TUNNEL 
ON SECOND STREET USING TBMS BY LOCATING THE TUNNEL 
PORTAL AT THE END OF THE FOURTH STREET STATION BOX AND 
TUNNEL 

VM Recommendation: Use a smaller dynamic envelope and drive the tunnel on Second 
Street using TBMs by locating the tunnel portal at the end of the Fourth Street Station box, and 
tunnel from STA 198+00 to STA 185+00. A finished tunnel diameter of 19 feet has been 
chosen.  

PMPC Comment:  
This VM recommendation has two components; (1) reduced train dynamic envelope, and (2) use 
of TBM from Fourth and Townsend Station (Sta. 198+00) to the currently proposed tunnel starting 
point at Station 185+00 (Clarence Place) approx. Again, there is some overlap of this VM 
recommendation with other proposals. 
 
Discussion of reductions in the proposed clearance envelope and train dynamic envelope has 
been presented in responses to items RR-3 and T-1. 
 
This evaluation addresses the use of TBM tunneling in relation to the currently developed and 
proposed tunnel envelope only.   
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II.6 VM Alternative: T-7 

Description: USE A SMALLER DYNAMIC ENVELOPE AND DRIVE THE TUNNEL 
ON SECOND STREET USING TBMS BY LOCATING THE TUNNEL 
PORTAL AT THE END OF THE FOURTH STREET STATION BOX AND 
TUNNEL 

Advantages: 

• The successful implementation of 
TBM technology, will reduce tunnel 
construction cost and schedule.  

• TBM tunnel minimizes surface 
disruption and community impacts on 
Townsend Street.  

 

Disadvantages: 

• The use of TBM is predicated on rail operations 
simulations demonstrating the acceptability of a 
two-track solution as athrid TBM bore cannot be 
accommodated within the existing right of way.. 

• Based upon currently proposed clearances for 
rolling stock and clearances for 25 kV 
electrification, an internal tunnel diameter of 
approximately 23 feet would be required. This is 
significantly greater than the 19-foot diameter 
suggested. See attached sketches. 

• The combined drive from the Fourth and 
Townsend Station to Second Street represents 
challenging mixed ground conditions for TBM. 
The TBM must be able to handle both soft 
ground (soft clays and clean sands) and both 
strong massive and heavily sheared rock. 

• To safely operate within the soft ground on 
Townsend Street the tunnel alignment would 
have to be deeper than currently proposed, 
resulting in steeper grades through Fourth and 
Townsend Station and the tunnel approach 
structures. The current grades in this area are 
at the project maximum. An increase in grade 
will exceed the project criteria. 
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II.6 VM Alternative: T-7 

Description: USE A SMALLER DYNAMIC ENVELOPE AND DRIVE THE TUNNEL 
ON SECOND STREET USING TBMS BY LOCATING THE TUNNEL 
PORTAL AT THE END OF THE FOURTH STREET STATION BOX AND 
TUNNEL 

Discussion:  
 
The use of TBM tunnel methods can only be considered if rail operations simulations 
demonstrate that the DTX project operates successfully as a two-track solution as a third TBM 
bore cannot be accommodated within the existing right of way on Townsend and Second Streets. 
 
Caltrain is currently basing its long range plans on bi-level equipment, which is common in 
commuter rail service. In addition, HSR criteria calls for OH electrification at 25 kV. A 19-foot 
diameter tunnel will not be able to accommodate the vehicles, electrification, emergency 
walkways, track structure, and all the other items that must fit in the tunnel. A finished tunnel 
diameter of approximately 24-26 feet will be required. A preliminary drawing indicating the tunnel 
cross sectional requirements is provided in Appendix C. 
 
TBM has been considered for use with the DTX project. A Peer Review conducted by the project 
Board of Consultants, comprising of recognized experts in geotechnical and tunnel engineering, 
determined that TBM use was possible. However, TBM use was not recommended for several 
reasons, including the size of the TBM, and the difficult ground conditions and low-cover on 
Townsend Street.  
 
To mitigate the risk of TBM tunneling on Townsend Street the tunnel profile would have to be 
deepened. This in turn would impact grades in this area, which are already at the project 
maximum of 2%. The grades required to provide additional cover would exceed the Caltrain 
design criteria.  
 
Conclusion: 
 
The use of TBM tunneling is predicated upon the rail operations analysis simulations 
demonstrating that a two-track concept can be made to work successfully for DTX. It must also 
be verified that a tunnel profile, based upon cover requirements to mitigate construction risk, 
can be developed within the current project design criteria. Should these requirements be met, 
the use of TBM for the full or partial alignment could be investigated further.       

Implementation Ranking:  

 



TRANSBAY TRANSIT CENTER PROGRAM APPENDIX A 
 
Downtown Extension Value Management / Peer Review Report – May 2006 
 

In Association with Hatch Mott McDonald and EPC Consultants, Inc.Page A-28 of 36  For Review, Rev. 0, 04MAY2006 
Consultants to Transbay Joint Powers Authority 
 

 

II.7 VM Alternative: T-9 

Description: MAXIMIZE USE OF SINGLE-TRACK TUNNELS 

VM Recommendation:   
Change to a smaller dynamic envelope and use twin single-track tunnels from STA 185+00 
to the cross-over at STA 170+00. Consider extending the twin tunnels further north of STA 
170+00 and throughout the entire tunnel drive.  

PMPC Comment: 
The issue of smaller dynamic envelope has been addressed as part of the evaluation of 
recommendations RR-3, T-1, and T-7. This evaluation relates solely to the use of twin single 
track tunnels, but does not stipulate a particular tunneling method.. 
 
Advantages: 

• Smaller single track tunnel section 
reduces the extent of the mixed face 
condition described under item T-6.  

• Smaller single track tunnel section 
reduces tunnel support requirements 

• Smaller single track opening more 
desirable in the mélange in the northern 
portion of the tunnel drive and in the 
buried valley of Colma Sand.  

• Due to smaller single track opening size 
profile can be raised under buildings on 
the Second/Townsend  curve thereby 
reducing the required depth of the cut-
and-cover structures on Townsend Street  

• Conversely, a reduced tunnel vertical 
clearance will provide greater rock cover 
beneath the existing buildings (if the top of 
rail is not raised) reducing the potential for 
damaging the buildings and mitigation 
requirements. 

• Allows two separate heading operations to 
be conducted simultaneously from each 
tunnel portal, reducing schedule. 

• Simplifies excavation sequences. A single 
full-width top heading would be 
considered.  

 

Disadvantages: 

• The use of twin single-track tunnels 
is predicated on rail operations 
simulations demonstrating the 
acceptability of a two-track solution. 
A third single track bore cannot be 
accommodated within the existing 
right of way. 

• The achievable length of twin single-
track tunnel is limited by the 
requirement to accommodate rail 
crossovers.  

• Complicates tunnel ventilation and 
fire life safety design by introducing a 
partially compartmentalized, partially 
open tunnel system. 

• Required “pillar” between bores may 
push tunnel limits or ground support 
requirements beyond existing right-of-
way, requiring additional easements 
for NATM tunneling methods. 
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II.7 VM Alternative: T-9 

Description: MAXIMIZE USE OF SINGLE-TRACK TUNNELS 

Discussion: 
 
The use of twin single-track tunnels using NATM was considered as part of the Tunnel 
Alternatives Evaluation. As recommended by the Project Board of Consultants, and as 
discussed in the evaluation of recommendation T-7 the use of TBM was not considered. The 
use of twin single-track tunnels must be verified by the Rail Operations Analysis to be 
confirmed as feasible prior to any implementation. The concept does not support a three track 
operation as the third tunnel bore cannot be constructed within the available right of way. 
 
On the basis of construction cost and schedule the twin tunnel concept using NATM is not 
currently identified as the preferred option. As the impact of reduced clearances must be 
considered on all tunnel alternatives, it may be assumed that the current ranking of alternatives 
will not alter unless the achievable reduction in clearance is sufficient to warrant the 
introduction of TBM techniques. 
Conclusion: 
The use of twin single-track tunnels was considered as part of the Tunnel Alternatives 
Evaluation and the concept was not determined to be the preferred alternative.  The 
recommendation could be revisited if q two-track system is demonstrated to be feasible and 
tunnel clearance reductions allowing the use of TBM are realized. 

Implementation Ranking:  
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II.8 VM Alternative: CC-2 
Description: FOUR-TRACK LAYOUT AT TC BUILDING 

VM Recommendation:    
 
Use a four-track layout at the station in lieu of six-tracks, and add intermediate walls or columns in 
the throat section as the tunnel approaches the station. This will reduce the width of the clear spans. 
 

PMPC Comment: 
The evaluation of this recommendation is based upon the current DTX configuration with a Terminal 
station. 
Advantages: 
 
• Reduces overall width of cut-and-

cover tunnel on Second Street. 
• Allows introduction of internal support 

walls on Second Street, thereby 
reducing the thickness of all structural 
elements significantly 

• Cost savings generated from reduced 
requirements for temporary bracing. 

• Greater amounts (height) of 
development over the throat would be 
possible 

Disadvantages: 
 
• Based upon the proposed DTX train 

schedules for Caltrain and HSR, a reduction 
to four platform tracks would not satisfy rail 
operations requirements. 

•  

Discussion: 
 
Based upon the proposed DTX train schedules for Caltrain and HSR, and with the current stub-end 
configuration at TC Building, a reduction to four- platform tracks would not satisfy rail operations 
requirements.  
 
 

Conclusion: 
Based upon the current configuration of the Transbay Transit Center Building, a reduction to four 
platform tracks will not satisfy rail operations.  

Implementation Ranking:  
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II.9 VM Alternative: CC-10 

Description: USE OF TIEBACKS IN THROAT 

VM Recommendation:    
 
Use tiebacks in the throat area between STA 145 and STA 155 in lieu of using internal 
bracing. This will reduce excavation support cost and make for easier excavation. 
 

Advantages: 

• Faster, easier excavation 
• Removes need for extensive, 

complicated and expensive cross 
bracing 

• Reduces support costs 
• Removes obstructions to cut-and-

cover construction. 

Disadvantages: 

• Temporary easements/license 
agreements will be required with 
property owners for installation of tie 
backs in areas of privately owned 
buildings 

• Costs to obtain easements 

Discussion: 
 

The excavations in Second Street are very wide and very deep and require complex, heavy 
bracing comprising trusses or king post supports to reduce unsupported lengths. The bracing 
system in general will be extremely expensive, and the use of king posts will interfere with 
slab construction.  
 
The use of tiebacks would provide an open excavation, facilitating tunnel box construction 
and minimizing bracing costs.  
 
The rights to install tiebacks would have to be negotiated with adjacent property owners, 
under a temporary easement agreement, which would incur some cost. On completion of the 
box structure, the tie backs would be sequentially de-tensioned. 

Conclusion: 
The use of tiebacks in the throat area should be investigated. 

Implementation Ranking:  
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II.10 VM Alternative: CC-11 

Description: RAISE ELEVATION OF STORAGE TRACKS 

VM Recommendation:    
 
Raise the elevation of the storage tracks from 30 to 40 feet below-grade to somewhere in the 
range of 18 to 25 feet below-grade. This will reduce base heave stability issues and eliminate 
the need for ground improvement. To accomplish this, increase the approach grades from 2% 
to 3%. 
 
Advantages: 

• Reduces base heave stability 
issues for the support of 
excavation/open cut 

• Removes the necessity for 
DSM ground improvement 

• Reduces excavation support 
needs 

• Reduces construction cost 
 

Disadvantages: 

• Proposed grades would exceed Caltrain 
design criteria. 

• Storage structure would be no longer be 
buried but would be depressed and open to 
the surface resulting in significant loss of 
surface area within yard. 

 
 

Discussion: 
 
As part of a separate PMPC VM proposal, the complete removal of the below-grade storage 
track has been proposed, due to the expense of constructing the structure and the minimal 
operational benefit realized by Caltrain. The below-grade storage track would be replaced by 
at-grade storage within the Caltrain Yard at considerably less expense. 
 
In conjunction with Caltrain, adequate ground storage has been identified within the Fourth 
and King surface Station area for Caltrain purposes. 
 
No provision has been made for HSR consist storage within the Caltrain yard area. This 
assumption is consistent with the HSR Program which has indicated that primary storage and 
maintence facilities will be located elsewhere. 
 

Conclusion: 
This recommendation is nullified by a separate PMPC proposal to eliminate the below-
grade storage tracks. 

Implementation Ranking:  
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II.11 VM Alternative: CM-14 

Description: DISPOSAL OF EXCAVATED MATERIAL 

VM Recommendation:    
 
Dispose of excavated material locally. The owner should permit a disposal site for the contractor 
so that dumping fees can be eliminated. 
 

Advantages: 

• Reduces disposal cost 
• Reduces traffic congestion 
• Reduces air pollution 
• Land improvements 
 

Disadvantages: 

• Environmental complications 
• A large site would be required to 

accommodate spoils from the DTX 
excavations, and also those from the 
Transit Center Building excavation. The 
likelihood of finding a suitable site in the 
project locality is remote. 

 
Discussion: 

 
It is currently assumed that all excavated material will be removed from site and replaced with 
clean fill. The cost associated with this process is considerable. Furthermore the project 
currently assumes that a significant quantity of material will be contaminated. Disposal costs for 
the contaminated material will also be significant. 
 
The development of an alternative strategy for the disposal or reuse of the excavated and 
contaminated materials offers the opportunity to yield significant project savings.  
 
Though it would appear unlikely that a specific location can be found, disposal options for 
excavated and contaminated materials will be investigated as part of the Preliminary 
Engineering scope of services for DTX. 
Conclusion: 
Strategies for material disposal or beneficial reuse will be investigated as part of the 
Preliminary Engineering scope of services for DTX. 

Implementation Ranking:  
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III. OUT OF SCOPE 
 

III.1 VM Alternative: RR-7 

Description: CONSTRUCT TWO-TRACK LOOP THROUGH FOUR-TRACK 
STATION 

VM Recommendation:    
Construct a two-track loop under the Embarcadero and Townsend Streets, expanding to 
four-tracks at the Transbay Transit Center Building, returning to two-tracks outside the 
station. Trains would operate counterclockwise through the station by entering the incline 
on a four-track ramp, dividing into twin two-tunnel headings. The new tunnel under the 
Embarcadero would be driven in the soft bay mud using a 21 feet diameter (Outside 
Diameter - OD) soft ground pressurized face TBM.  
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III.1 VM Alternative: RR-7 

Description: CONSTRUCT TWO-TRACK LOOP THROUGH FOUR-TRACK 
STATION 

Advantages: 

• Single-direction operation 
eliminates the time required to 
reverse trains at the TC Building, 
and consequently may increase the 
efficiency of Caltrain operations at 
the terminal. HSR operation would 
probably be unaffected.  

• Potentially increased throughput 
and utilization at TTC. 

• Less surface disruption through 
minimized cut-and-cover 
operations. 

• Potentially significant construction 
cost savings from reduction in 
platforms from 6 to 4 and from 
replacement with mined and cut 
and cover tunnel segments with 
TBM. 

• Cost savings for train crews and 
equipment  

• Train switching can be 
accommodated at ends of 
platforms resulting in need for 
fewer crossovers. 

Disadvantages: 

• Jeopardizes the EIR Record of 
Decision. 

• The anticipated rail operations benefits 
and future operational flexibility must be 
confirmed by additional simulation. 

• A four track ramp is not considered 
feasible based upon existing right of 
way constraints and the presence of the 
I-280 off-ramps. A two-or three-track 
ramp would be possible. 

• A 21-feet outside diameter tunnel will 
not be able to accommodate the 
vehicles, electrification, emergency 
walkways, track structure and all the 
other items that must fit in the tunnel. It 
is more likely that a tunnel with an 
inside diameter of 23 feet will be 
required. 

• The constructability of the loop scheme 
must be confirmed in terms of achieving 
required grades, avoiding Bay Bridge 
foundations, Embarcadero stormwater 
storage structure, Fire Department salt 
water pump station intake, , and 
accommodating a future East Bay 
extension. 

• Proposal may only be feasible with 
TBM operation as previous studies of 
this alignment using open-cut methods 
produced considerable opposition from 
abutting residents. 

• A large open-cut bifurcation structure 
will be required in the vicinity of 
Townsend Street/Clarence Place to 
accommodate the necessary separation 
of the tunnel bores. Construction of the 
structure may necessitate additional 
landtake. 
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III.1 VM Alternative: RR-7 

Description: CONSTRUCT TWO-TRACK LOOP THROUGH FOUR-TRACK 
STATION 

Discussion: 
 
This proposal is worthy of consideration in light of the potentially long delay in the start of 
construction of the DTX project, provided it can be investigated without jeopardizing the 
Record of Decision.  
 
The recommendation appears to offer operational benefits, though the constructability of 
the scheme will have to be established. 
 
A full understanding of the EIR implications of such a drastic amendment will be required. 
 

Conclusion: 
A study of the loop concept should be made, to ascertain the constructability of the loop, 
and determine the construction cost of the scheme for comparison with the current DTX 
configuration. 
 

Implementation Ranking:  
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PMPC Cost Reduction Options 
 
Report Section 5, PMPC Value Management Initiatives, presents a number of project 
efficiencies which may, when fully studied by the DTX Design Team, result in cost savings  
without affecting project function or performance. The justification for the each of the proposed 
initiatives is provided. The potential reduction in project construction cost obtained through the 
implementation of the initiatives is presented in Table 1.1. 
 
1. Provide a two-track tunnel system between the easternmost end of the Fourth 

and Townsend Station and the Transbay Transit Center (TC) Building. 

 Rail operations simulations to be conducted by the DTX design consultant will 
demonstrate whether operational benefits are achieved through the inclusion of a 
third mainline track between Fourth and Townsend Street Station and the TC 
Building. The simulations may demonstrate that a two-track system can operate 
effectively based upon the currently proposed schedules for Caltrain and 
California High-Speed Rail. 

The anticipated construction cost reduction achieved by reverting to a two-track 
system between Fourth and Townsend Street Station and the TC Building would 
be approximately $97 million. A two-track system would be correspondingly 
quicker to construct, which would generate further significant project cost 
efficiencies in terms of construction administration, contractor overhead, and 
escalation costs.  

2. Remove the underground storage structure and provide at-grade storage within 
the existing Caltrain yard. 

 Given the present location of the underground storage structure, the box 
construction has the potential to significantly disrupt Caltrain Operations in the 
existing Fourth and King Street Station. The envisioned construction sequencing 
for DTX has been established to minimize disruption to Caltrain operations, 
thereby minimizing commuter impacts. The sequence dictates that the DTX 
system to the TC Building is brought on-line prior to performing significant 
construction activity within the Caltrain yard area. The drawback of this plan is 
that the construction schedule for DTX is extended by a period of years to perform 
the surface station reconfiguration and thereafter construct the storage structure.  

The structure does not offer Caltrain flexibility in terms of usage, and offers limited 
access – it is only accessible to trains exiting the TC Building. At-grade storage 
provides optimum usage in support of Caltrain operations inclusive of 
maintenance activities and will also reduce O&M cost over the design service life 
of the structure. 

The storage structure is expensive to construct, and the removal of the storage 
structure and provision of equivalent surface storage capacity would reduce the 
construction cost of DTX by approximately $137 million. Based upon the 
proposed DTX construction sequence, the removal of the storage structure will 
shorten the DTX construction schedule by approximately two years, offering 
significant additional project savings in terms of construction administration, 
contractor overhead, and escalation costs. 
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Revised train schedules developed in conjunction with Caltrain do not require any 
storage for trains to and from the TTC. All mid-day storage would be provided on 
the surface at the Fourth and King Street station and yard. 

3. Remove or shorten the tail tracks. 

 The use of tail tracks has principally been considered for provision of operational 
flexibility in accommodating the proposed train schedules. The structure could 
also be used to provide mid-day or overnight storage, a secondary but expensive 
benefit. Per Item 1, the rail operations simulations to be conducted  will 
demonstrate whether the tail tracks offer benefit in maintaining the on-time 
performance of the rail operators, and per Item 2, the tail tracks represent an 
expensive storage option. 

However, based upon the currently proposed implementation strategy for the 
Transbay Transit Center Program the site bounded by main, Howard and Beale 
Streets will be used to stage the construction of the Transit Center Building train 
box. As the staging area will necessitate the construction of a construction access 
to the train box area, it would appear to make sense to construct a tail track “stub” 
over the limits of the aforementioned parcel. The construction of the stub will 
facilitate an early handover of the site to developer interests, and could be used in 
the interim period to provide limited storage of Caltrain consists, though the train 
sets would not be able to switch between tracks. This storage might  support 
introduction of additional trains to the system during peak hour loading while 
minimizing at-platform service and maintenance requirements. 

Revised train schedules developed in conjunction with Caltrain may not require 
any storage for trains to and from the TTC. 

The potential project cost reduction derived from shortening the tail tracks would 
be approximately $99 million. Should the tail tracks be eliminated in their entirety, 
the project cost reduction would be approximately $140 million. This storage could 
support introduction of additional trains to the system during peak hour loading 
while minimizing at-platform service and maintenance requirements 

4. Provide an optimized configuration of the Fourth and Townsend and Fourth and 
King Street Stations, comprising a more unified layout. 

 The LPA configuration of the Fourth and King Street Station indicates that the 
platforms will be located south of the site, whereas the Fourth and Townsend 
Street Station will be north of the site, leaving the two facilities somewhat 
disjointed. 

By reconfiguring the surface station to the north of the rail yard, the two facilities 
could be combined into a more unified facility. The surface platform construction 
could be combined with the construction of the Fourth and Townsend 
underground station. Thereafter, when DTX is brought on-line, the surface station 
would require minimal reconfiguration to be brought into service. The remainder of 
the surface yard area at the south of the yard could be used for the provision of 
at-grade train storage.  

The revised station configuration could yield a construction cost saving of 
approximately $4 million. However, the revised staging of the surface station 
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reconfiguration would yield significant schedule benefits. It is anticipated that a 
further year would be removed from the DTX schedule, with inherent benefits in 
terms of construction administration, contractor overhead, and escalation costs. 

5. Eliminate Fourth and Townsend Underground Station and split service between 
TC Building and the existing Fourth and King Street Station. 

 It is anticipated that HSR trains will not stop at Fourth and Townsend Street 
Station. Stops at this location will be made by some Caltrain trains only. By 
sharing service between the existing surface station and the TC Building, the 
necessity for the underground station may be removed in the short term. 
However, if the station is considered to be part of a larger regional rail plan it 
should be noted that if the East Bay Extension is ever realized, trains crossing 
from the East Bay will be unable to stop at the Fourth and King location. 

Removal of the Fourth and Townsend Station would require more rolling stock 
moves to service the TTC and the Mission Bay area with the same mid-day 
service frequency as each Arrival and Departure from Fourth and King Street 
Station/Yard will require a separate consist and will potentially result in higher 
O&M costs. Alternatively, the service to each location could be staggered, with 
each location receiving half the mid-day train service. 

The removal of the Fourth and Townsend Street Station would generate a project 
cost reduction of $37.5 million, the premium for constructing the below-grade 
station. 

6. Revise the proposed construction methods for the U-section and retaining walls in 
the tunnel portal area. Use retained earth structures and sheet piling in lieu of 
deep soil mix walls and reinforced concrete cantilever construction. 

 It is suggested that the U-section retained cut construction method be altered 
from deep soil mix support of excavation to a sheet piled system, as settlements 
within the yard area are not as critical as elsewhere where movement sensitive 
buildings are present. Similarly, in lieu of cast-in-place cantilever type retaining 
walls, the use of a mechanically stabilized earth system, or similar, should be 
investigated.  

The potential project cost savings achieved will be approximately $10.5 million.  

7. Review current design assumptions related to communications systems 
requirements for DTX. 

 Due to budget limitation, there has been no conceptual design performed to date 
for communications. The figure currently carried within the updated DTX cost 
estimate appears overly conservative in terms of the type of and number of 
proposed infrastructure installations, and the anticipated costs for each. By 
rationalizing the type, number and unit rates for the communications infrastructure 
it is anticipated that a project construction cost reduction of $63 million can be 
realized. 

8. Review current design assumptions related to the anticipated extent of 
contaminated materials, and volume of material disposal required. 

 The updated cost estimate assumes that the top 20 feet of excavated material in 
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the cut-and-cover sections is contaminated, and would required disposal as a 
Type I or Type II material. The assumption is believed to be conservative, and is 
certainly more conservative than the LPA estimate assumptions.  

The assumptions made in developing the updated estimate shall be peer 
reviewed for their reasonableness.  

If the LPA estimate assumptions are adopted, which assumed 70% of the top 15 
feet of excavated material was contaminated, then the project construction cost 
would be reduced by approximately $47 million. 

9. Investigate the potential for storage and reuse of clean excavated materials.  

 An assumption made for the updated cost estimate is that all excavated material 
is removed, and clean backfill is brought in to the site at a premium of $50 per 
cubic yard. It is anticipated that much of the material removed from the 
excavation, such as Colma Sand, will be suitable for use as backfill. As much as 
50% of the material removed may be suitable for use as backfill at an anticipated 
rate of $25 per cubic yard approximately. The estimated construction cost savings 
generated from reuse of excavated material will be approximately $3 million. 

10. Consider the use of support of excavation (slurry walls– reinforced concrete 
diaphragm walls) which is integral with the permanent structure on Townsend 
Street, in conjunction with top-down construction. 

 The use of slurry walls in lieu of DSM walls as support of excavation allows the 
use of regular bar reinforcing within the walls which can easily be tied to the invert 
and roof slab cages, forming an integral structure. The slurry walls will form the 
permanent structure wall, negating the need for a separate cast-in-place wall 
inside of the support of excavation. By using top-down construction, the early 
installation of the tunnel roof slab will allow grade to be restored promptly, thereby 
minimizing surface disruption. The roof slab will further serve as a wall bracing 
member during excavation for invert construction, thereby reducing temporary 
bracing costs. 

It is anticipated that the use of integral slurry walls and top-down construction on 
Townsend Street will realize construction cost savings of $6 million. It is also 
anticipated that the construction approach will yield additional savings in terms of 
schedule which again translates into cost savings from administration, contractor 
overhead, and escalation. As well as early street restoration, the use of low 
headroom slurry equipment may mitigate the need to relocate Muni overhead 
wires along Townsend Street, thereby offering additional savings in Owner’s 
costs, and minimizing disruption to Muni patrons.  

11. Consider the use of steel truss framing in the cut-and-cover structures on Second 
Street, where long spans are necessitated by clearance requirements and right-
of-way limitations, in lieu of precast girders and heavily reinforced long spans. 
Incorporate support of excavation (DSM walls) into the permanent structure. 

 Currently right-of-way constraints and rail clearance requirements on Second 
Street have resulted in a long span cut-and-cover structure, with a clear span of 
up to 109 feet. The current design concept for the longer span area is to install 
precast girders as the primary roof support members. 
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It is suggested that the roof framing for Second Street be constructed using a 
structural steel truss with a composite concrete roof slab. The truss members 
would also serve as bracing during the interim excavation stage. In addition the 
deep soil mix support of excavation would be made integral with the permanent 
tunnel structure in this area, negating the need for a separate cast-in-place 
external wall. 

It is anticipated that this revised approach would yield project construction cost 
savings of approximately $22 million. 

12. Change number of drifts for mining operation in streets from that proposed for 
working under buildings to expedite construction. 

 The current construction excavation sequence for the preferred tunneling method 
has been developed based upon the worst case scenario – while tunneling 
underneath the buildings on the curve between Townsend and Second Streets. 
For approximately 50% of the mined tunnel length the construction will take place 
in street right-of-way, where an alternative excavation sequence should be 
investigated. It seems possible to reduce the number of excavated drifts from 
seven to five or possibly four or less within the street right-of-way. 

On this basis it is anticipated that the construction cost for the mined tunnel would 
be reduced by approximately 15% due to the increased speed of working gained 
by realizing larger openings, and reduced material, and equipment requirements. 

By implementing a revised drift sequence a project construction cost saving of 
approximately $17 million could be achieved.  

13. Consider the use of design-build procurement for tunnel and cut-and-cover 
contracts to compress schedule and minimize escalation costs. 
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 It is anticipated that the use of design-build procurement will allow the major 

portions of DTX to proceed into construction more rapidly than through a design-
bid-build process. Therefore the major savings in the DTX project cost will be 
realized from a corresponding reduction in the project schedule. Savings will be 
achieved from numerous cost elements including owner and agency costs, project 
management, construction administration, contractor overhead, and escalation 
costs. Savings, not including escalation, may be in the region of $10-12 million 
per year reduction in project schedule. 

 

Table 1.1 PMPC Construction Cost Reduction Options 
 

PROJECT: CALTRAIN DOWNTOWN EXTENSION PROJECT (DTX)
Transbay Transit Center, San Francisco, CA PRESENT WORTH OF COST SAVINGS

ALT. ORIGINAL ALTERNATIVE INITIAL COST RECURRING POTENTIAL 
NO. DESCRIPTION COST COST SAVINGS COST SAVINGS SAVINGS

1
Provide a two-track tunnel system between the easternmost end 
of the 4th and Townsend Station and the Transbay Transit Center 
instead of three tracks.

$1,349,270,238 $1,252,970,697 $96,299,541 $96,299,541

2 Remove the underground storage structure and provide at-grade 
storage, either within the existing Caltrain yard, or elsewhere. $142,108,329 $5,000,000 $137,108,329 $137,108,329

3 Minimize the tail tracks. $140,587,530 $41,343,640 $99,243,890 $99,243,890

4 Provide an optimized configuration of the 4th & Townsend and 
4th and King Stations, comprising a more unified layout. $63,806,995 $59,681,739 $4,125,256 $4,125,256

5 Eliminate 4th and Townsend Underground Station and split 
service between TTC and the existing 4th and King Station $37,510,612 $0 $37,510,612 $37,510,612

6

Revise the proposed construction methods for the U-section and 
retaining walls in the tunnel portal area. Use retained earth 
structures and sheet piling in lieu of deep soil mix walls and 
reinforced concrete cantilever construction.

$49,841,871 $39,403,308 $10,438,563 $10,438,563

7 Review current design assumptions related to communications 
systems requirements for DTX. $71,659,560 $8,987,940 $62,671,620 $62,671,620

8
Review current design assumptions related to the anticipated 
extent of contaminated materials, and volume of material disposal 
required

$141,545,996 $95,000,025 $46,545,971 $46,545,971

9 Investigate the potential for storage and reuse of clean excavated 
materials in lieu of importing fill. $13,137,270 $9,852,952 $3,284,318 $3,284,318

10
Consider the use of support of excavation (slurry walls) which are 
integral with the permanent structure on Townsend Street, in 
conjunction with top-down construction.

$149,919,544 $143,867,242 $6,052,302 $6,052,302

11

Consider the use of steel truss framing in the cut-and-cover 
structures on 2nd Street, where long spans are necessitated by 
clearance requirements and right-of-way limitations, in lieu of 
precast girders and heavily reinforced long spans. Incorporate 
support of excavation (DSM walls) into the permanent structure.

$147,244,961 $125,469,603 $21,775,358 $21,775,358

12 Change number of drifts for mining operation in streets from that 
proposed for working under buildings to expedite construction. $345,129,187 $318,322,661 $26,806,526 $26,806,526

13
Consider the use of design-build procurement for tunnel and cut-
and-cover contracts to compress schedule and minimize 
escalation costs.

- - Est. $10-12M 
per year

Note : items 1, 2, , and 5 have O&M Cost associated with them over the design life of the structure

Savings in 
schedule/escalation costs.

 
 



 

 

 

 
 
 
 
 

Appendix C 
 

Preliminary Tunnel Cross Section Drawing 

 



 



 


