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1. Executive Summary 

Caltrain and the California High Speed Rail Authority are in a partnership to build a blended system in 

the peninsula corridor.  Both agencies have been working with stakeholders on various planning efforts 

to define what the blended system will look like and what the future blended service will provide. 

The Caltrain/California HSR Blended Operations Analysis was completed by Caltrain in March 2012. This 

study showed that a blended system and blended service plan was viable.   

When that study was distributed for stakeholder review, local partners and stakeholders requested 

analyses of other factors and variations of the blended system. These requests were collected by 

Caltrain staff and form the basis of the analysis for this study, as reflected in Table 1. 

Table 1: Stakeholder Requested Service Plan and Operations Considerations 

Category Considerations 

Overtake (Passing) Tracks 

 

 Analyze other overtake options in addition to the άLong-Middle 4 Trackέ 
and άShort-Middle 4 Trackέ overtake options analyzed in 2012 study. 

Infrastructure and Service Patterns 

 

 Analyze a second mid-peninsula HSR station at Redwood City 

 Analyze DTX and TTC projects 

 Analyze the Dumbarton Rail Corridor project  

 Modify prototypical schedule to include Caltrain baby bullet service 
 

Other 

 

 Reduce train frequency by operating longer trains 

 Incorporate the HSR storage/maintenance facility 

 Support existing passenger rail tenants 

 Support freight service 
 

 

¢ƘŜ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ƛƴ ǘƘŜ άhǾŜǊǘŀƪŜ ¢ǊŀŎƪǎέ ŀƴŘ άLƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ {ŜǊǾƛŎŜ tŀǘǘŜǊƴέ ŎŀǘŜƎƻries noted 

above were analyzed using a computer simulation model.  Specific to the overtake track options, 

Caltrain staff identified 3 additional options along the corridor that merited analysis. The performance of 

each consideration is outlined in the latter sections of this study. 

This analysis concluded that all of the tested blended system options are viable as simulated in the 

model.  However, the simulation also revealed that there are notable performance differences 

between the options examined. As planning for the blended system continues, additional due 

diligence will be needed to confirm the performance of the options considered relative to real world 

system operations.  

¢ƘŜ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ƛƴ ǘƘŜ άhthŜǊέ ŎŀǘŜƎƻǊȅ ǿŜǊŜ ŀǎǎŜǎǎed qualitatively and are also described in this 

study.  Due to timing, there is limited discussion regarding the HSR storage/maintenance facility and 

freight service.  Those considerations will need to be further advanced beyond the conclusion of this 
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study. The analysis and results of this study will be used to inform design of the blended system and 

develop the blended system service plan. 
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2. Introduction 

The purpose of this study is to evaluate various service plan and operations considerations related to the 

blended system.  These considerations are of interest to our stakeholders and are important to 

designing the blended system as well as preparing the future blended service plan. 

This report builds on the March 2012 Caltrain/California HSR Blended Operations Analysis.  It is essential 

for the reader to be familiar with the March 2012 report so that the analysis and findings included in this 

study are contextualized and understandable. 

The analysis included in the following report is divided into 4 major parts: 

 Section 3 provides an overview of the simulation model and model inputs that set the baseline 

for comparing the simulations performed in this study.   

 Section 4 describes the simulations and results associated with each of the analyzed overtake 

options.   

 Section 5 outlines simulations and results associated with the infrastructure and service pattern 

considerations.  String charts from the simulations are included in Appendix A. 

 Section 6 provides a qualitative discussion about other considerations that did not warrant 

simulations. 

Finally, Section 7 ǎǳƳƳŀǊƛȊŜǎ ǘƘŜ ǊŜǇƻǊǘΩǎ ŎƻƴŎƭǳǎƛƻƴǎΦ Appendix B includes information about the 

process and outreach efforts associated with this study.  Appendix B will be expanded in the final report 

to include public comments and responses to this draft report.
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3. Context 

This study builds on the analysis completed in the March 2012 Caltrain/California HSR Blended 

Operations Analysis and uses the same methodology and computer simulation model used for the 

March 2012 analysis. 

 It is important for the reader to be familiar with the March 2012 analysis in order to understand and 

appreciate the findings included in this study. 

The computer simulation model software used to conduct the analysis, TrainOps®, is a proprietary 

software application developed by LTK Engineering Services. The model was customized for application 

to the Caltrain and HSR operations analysis. The future Caltrain system modeled in the simulation 

software is different from the one that exists today. Future changes assumed in the model include 

electrification of the Caltrain system, an advanced signal system (CBOSS) and new Caltrain rail cars 

όάǊƻƭƭƛƴƎ ǎǘƻŎƪέύ ǘƘŀǘ ƘŀǾŜ ŜƭŜŎǘǊƛŎ ǇǊƻǇǳƭǎƛƻƴΦ The baseline assumptions used in the model are 

summarized in Table 2.  A detailed description of the modeling methodology used in these simulations 

can be found in the March 2012 Caltrain/California HSR Blended Operations Analysis. 
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Table 2: Baseline Simulation Model Inputs 

Model  

Input  

Category 

Model Input Assumption 

In
fr

a
st

ru
ct

u
re

 

Train Propulsion System Caltrain Corridor electrified, San Francisco to Tamien 

High Speed Rail Stations 
Separate HSR Station at San Jose Diridon, new 4-track configuration 

at Millbrae, new dedicated HSR platforms at 4th and King 

High Speed Rail Interlockings  

Conceptual connections assumed north and south of Millbrae to 

support four tracks at station with two platform edges for Caltrain 

and two for HSR. Connections assumed near CP De La Cruz (to 

support transition to dedicated HSR trackage to points south). 

R
o

lli
n

g
 

S
to

c
k Caltrain 

EMU, 8-Car Consist, Coradia trainset (typical regional EMU), 700 

feet long 

HSR EMU, Siemens Velaro E High Speed Train, 656 feet long  (200m) *   

T
ra

in
 C

o
n

tr
o

l 

Base Existing wayside signaling 

Positive Train Control 
CBOSS implementation with dynamic profiling to signals at stop, 

civil speed restrictions, station stops. 

PTC Response Time ς  

Automatic Signal Territory 
6 seconds 

PTC Response Time ς  

Interlocking Territory ς  

Following Train on Same Route 

14 seconds 

PTC Response Time ς  

Interlocking Territory ς  

Following Train on Different Route 

30 seconds 

O
p

e
ra

tio
ns

 

Caltrain operating philosophy ς  

peak periods 
Prototypical skip stop schedule without Caltrain-Caltrain overtakes 

Caltrain operating philosophy ς  

off-peak periods 
!ƭƭ ǎǘƻǇǎ άƳŜƳƻǊȅέ ǘȅǇŜ ǎŎƘŜŘǳƭŜ ǿƛǘƘ н ǘǊŀƛƴǎ ǇŜǊ ƘƻǳǊΦ 

Caltrain period of operation 4 am to 1 am 

Dwell times  

Caltrain dwell times based on observations of existing dwell, 

adjusted for additional doors on EMUs and increased passenger 

loads.  

HSR 

All trains stop at San Francisco, Millbrae and San Jose.  Service level 

varies by scenario. 2 minute HSR dwell time at Millbrae assumed to 

account for fewer train doors and passengers with luggage. 

D
is

pa
tc

h
in

g 

Millbrae 4 Track Segment No scheduled overtakes allowed. 

Hold Out Rule 

At South San Francisco, Broadway and Atherton Stations, where 

passengers must cross one active track at grade in order to board 

and alight from trains, only one train in station at a time (unless 

both are expressing through the station). 

*HSR will operate a mix of shorter and longer train consists. Only the shorter equipment was simulated. All blended system infrastructure will 
be compatible with both train lengths. 



 

 Caltrain/HSR Blended Service Plan / Operations Considerations Analysis (Requested by Stakeholders) |  6 

Figure 1 shows the baseline infrastructure simulated.  It includes existing Caltrain tracks and HSR-related 

improvements at North Terminal, Millbrae and between CP De La Cruz and South Terminal.  The HSR 

improvements shown are conceptual.  

 

Figure 1: Caltrain/HSR Baseline Infrastructure 

 

The baseline AM peak Caltrain schedule used in the simulations is reflected in Table 3 and Table 4.  This 

is a prototypical skip-stop schedule developed for use in this analysis.  No decision has been made on 

the final blended system schedule. 

 

 

Schematics shown in figure are for modeling 

purposes only. Schematics do not reflect 

conceptual engineering or design work. 
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Table 3: Peak 60 Minutes Northbound Service ς AM Simulated Schedule 

Train: 416 418 420 422 424 426 

Tamien Station   7:02a     7:32a   

San Jose Diridon Station 7:00a 7:10a 7:20a 7:30a 7:40a 7:50a 

College Park Station*             

Santa Clara Station 7:05a     7:35a     

Lawrence Station   7:18a     7:48a   

Sunnyvale Station 7:11a 7:21a 7:30a 7:41a 7:51a 8:00a 

Mountain View Station 7:16a 7:26a 7:35a 7:46a 7:56a 8:05a 

San Antonio Station     7:38a     8:08a 

California Ave. Station 7:21a     7:51a     

Palo Alto Station 7:25a 7:34a 7:44a 7:55a 8:04a 8:14a 

Menlo Park Station   7:36a 7:46a   8:06a 8:16a 

Atherton Station 7:28a           

Redwood City Station 7:32a 7:43a 7:51a 8:01a 8:13a 8:21a 

San Carlos Station     7:54a     8:24a 

Belmont Station   7:47a     8:17a   

Hillsdale Station 7:39a 7:50a 7:58a 8:08a 8:20a 8:28a 

Hayward Park Station     8:00a       

San Mateo Station 7:42a 7:53a   8:11a 8:23a   

Burlingame Station   7:56a     8:26a   

Broadway Station       8:15a     

Millbrae Station 7:50a 8:01a 8:08a 8:19a 8:31a 8:37a 

San Bruno Station     8:12a     8:41a 

South San Francisco Station 7:57a     8:26a     

Bayshore Station           8:45a 

22nd Street Station     8:19a       

4th & King Station 8:04a 8:14a 8:23a 8:33a 8:44a 8:52a 

*Schedule to be determined 

This is a prototypical schedule and was developed as a modeling input only.  Additional service plans and 
schedule options will be developed and considered in subsequent stages of the planning process 
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Table 4: Peak 60 Minutes Southbound Service ς AM Simulated Schedule 

Train: 417 419 421 423 425 427 

4th & King Station 7:00a 7:10a 7:20a 7:30a 7:40a 7:50a 

22nd Street Station 7:05a 7:15a 7:25a 7:35a 7:45a 7:55a 

Bayshore Station   7:19a         

South San Francisco Station       7:43a     

San Bruno Station   7:27a     7:56a   

Millbrae Station 7:18a 7:30a 7:38a 7:49a 7:59a 8:08a 

Broadway Station           8:11a 

Burlingame Station   7:34a     8:03a   

San Mateo Station   7:37a 7:44a   8:06a 8:15a 

Hayward Park Station   7:39a         

Hillsdale Station 7:27a 7:42a   7:58a 8:10a   

Belmont Station     7:49a     8:20a 

San Carlos Station 7:30a 7:45a   8:01a 8:13a   

Redwood City Station   7:51a 7:56a   8:19a 8:27a 

Atherton Station         8:22a   

Menlo Park Station 7:39a   8:00a 8:10a   8:31a 

Palo Alto Station 7:42a 7:57a 8:03a 8:13a 8:26a 8:34a 

California Ave. Station     8:06a     8:37a 

San Antonio Station 7:47a     8:18a     

Mountain View Station 7:51a 8:05a 8:12a 8:22a 8:34a 8:43a 

Sunnyvale Station     8:16a     8:47a 

Lawrence Station 7:57a     8:28a     

Santa Clara Station 8:02a     8:33a     

College Park Station*             

San Jose Diridon Station 8:07a 8:18a 8:29a 8:38a 8:47a 9:00a 

Tamien Station 8:14a   8:36a   8:54p   

*Schedule to be determined 

This is a prototypical schedule and was developed as a modeling input only.  Additional service plans and 

schedule options will be developed and considered in subsequent stages of the planning process 

 

The assumptions listed in Table 2, the infrastructure shown in Figure 1 and the schedules reflected in 

Table 3 and Table 4 ǿƛƭƭ ōŜ ǊŜŦŜǊǊŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǊŜǇƻǊǘ ŀǎ ǘƘŜ άōŀǎŜƭƛƴŜέ ǎŎŜƴŀǊƛƻΦ 
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4. Overtake (Passing Track) Options Simulation 

As demonstrated in the March 2012 analysis, the blended system utilizing existing tracks can reliably 

support a blended service of up to 6 Caltrain trains and 2 high-speed rail trains per peak hour per 

direction (6/2 scenario). 

In order to support more than 8 total trains per peak direction per hour, overtake tracks are needed.  

Overtake tracks in this context are those that would be used by high-speed rail trains to pass (overtake) 

Caltrain trains that travel more slowly and need to stop more frequently at stations.  With limited 

overtake tracks, blended service of up to 6 Caltrain trains and 4 HSR trains (6/4 scenario) per peak hour 

per direction can be accommodated.  

In the Caltrain/California HSR Blended Operations Analysis, the Long - Middle 4 Track overtake and Short 

- Middle 4 Track overtake options were analyzed and proven viable.  The analysis also identified the 

North 4 Track and South 4 Track overtake options but did not analyze their performance.  Given 

stakeholder interest, these two options along with an additional Middle 3 Track overtake option were 

defined for further analysis in this study.  Together, the five overtake options are: 

 Long - Middle 4 Track 

 Short - Middle 4 Track 

 Middle 3 Track 

 North 4 Track 

 South 4 Track 

 

For comparative purposes, the descriptions and results of all five options are noted in this report.  

The overall guiding criterion for defining overtake segment options was that they should improve the 

operational integration of Caltrain and high speed rail services to support the operation of a blended 

system with more than 8 total trains per direction per peak hour.  In order to achieve a delay-free 

overtake, each option had to be long enough and include sufficient scheduled Caltrain stops to support 

the 7+ minute travel time difference required for an HSR train to safely overtake a Caltrain train.  

Within this overall criterion, overtake options were also sited in locations where they could connect to 

existing multi-track segments to minimize capital costs.  As possible, overtake options were located 

where their construction and operation would limit impacts to adjoining communities. 

 

The approximate locations of all five overtake options are shown in Figure 2. 
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Figure 2: Approximate Overtake Option Locations 
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Within the overtake options, two types of configuration were simulated.  One is based on a 4 track 

configuration while the other is based on a 3 track configuration.  Figure 3 provides a conceptual 

illustration of the differences between a 3 and 4 track overtake configuration.   

 

Figure 3: Overtake Track Configurations 

 

The 4 track configuration is shorter in length and thus reduces the number of stations that would need 

to be reconfigured. A 4 track overtake, however, requires additional width which could result in impacts 

outside of the Caltrain-owned right of way in constrained areas.  The 3 track configuration is narrower 

and has less need for right of way width but must be correspondingly longer and would require more 

stations to be reconfigured. 

It is important to understand that given the train frequencies proposed, the 3 track overtake, like the 4 

track overtake, supports one directional train travel. One-half of the 3 track overtake supports 

northbound trains and the other half supports southbound trains.  In the 4 track overtake, it is clearer 

that each of the parallel tracks supports one directional trains.  
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Simulation Description 

Long - Middle 4 Track Overtake 

The ά[ƻƴƎ-Middle 4 Track Overtakeέ ƻǇǘƛƻƴ assumes a 9.1-mile long 4-track segment of tracks from MP 

18.1 to MP 27.2, as shown in Figure 4. It includes five Caltrain stations (Hayward Park, Hillsdale, 

Belmont, San Carlos and Redwood City). The existing 4-track configuration south of Redwood City is 

utilized within this overtake.  

Figure 4: Baseline Infrastructure with Long-Middle 4 Track Overtake Infrastructure 

 

 

Short - Middle 4 Track Overtake 

The ά{ƘƻǊǘ - Middle 4 Track Overtakeέ ƻǇǘƛƻƴ assumes a 6.1-mile long 4-track segment of tracks from 

MP 18.1 to MP 24.2, as shown in Figure 5.  It includes four Caltrain stations (Hayward Park, Hillsdale, 

Schematics shown in figure are for modeling 

purposes only. Schematics do not reflect 

conceptual engineering or design work. 
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Belmont and San Carlos).  This option was explored to understand the operational impacts of 

terminating the passing tracks north of Redwood City, avoiding the constrained downtown area.  

 
Figure 5: Baseline Infrastructure with Short-Middle 4 Track Overtake Infrastructure 

 

 

Middle 3 Track Overtake 

The άaƛŘŘƭŜ о ¢ǊŀŎƪ hǾŜǊǘŀƪŜέ ƻǇǘƛƻƴ ŀǎǎǳƳŜǎ ŀ мс ƳƛƭŜ ǘǊŀŎƪ ŦǊƻƳ CP Palm (MP 18.1) to CP Mayfield 

(MP 33.7), as shown in Figure 6.  It includes ten stations (Hayward Park, Hillsdale, Belmont, San Carlos, 

Redwood City, Atherton, Menlo Park, Palo Alto, Stanford and California Ave). 

Schematics shown in figure are for modeling 

purposes only. Schematics do not reflect 

conceptual engineering or design work. 
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Figure 6: Baseline Infrastructure with Middle 3 Track Overtake Infrastructure 

 
 

 

North 4 Track Overtake 

The άNorth 4 Track Overtakeέ ƻǇǘƛƻƴ assumes a 10.2-mile long 4-track segment of tracks from MP 5 to 

MP 15.2, as shown in Figure 7.  It includes four Caltrain stations (Bayshore, South San Francisco, San 

Bruno and Millbrae) and one HSR station (Millbrae).  The existing 4-track configuration at Bayshore is 

utilized as part of the North 4 Track Overtake. 

Schematics shown in figure are for modeling 

purposes only. Schematics do not reflect 

conceptual engineering or design work. 
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Figure 7: Baseline Infrastructure with North 4 Track Overtake Infrastructure  

 

 

 

South 4 Track Overtake 

The άSouth 4 Track Overtakeέ ƻǇǘƛƻƴ assumes a 7.8-mile long 4-track segment of tracks from MP 33.8 to 

MP 41.6, as shown in Figure 8.  It includes four Caltrain stations (San Antonio, Mountain View, 

Sunnyvale and Lawrence).  The existing 4-track configuration at Lawrence is utilized as a portion of the 

South 4 Track Overtake.  

Schematics shown in figure are for modeling 

purposes only. Schematics do not reflect 

conceptual engineering or design work. 
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Figure 8: Baseline Infrastructure with South 4 Track Overtake Infrastructure 

 

 

 

Simulation Results 

The following tables reflect Caltrain and HSR simulation results for the AM Peak (trains departing San 

Francisco or San Jose between 7:00am and 9:00am).  For each simulation, relative performance during 

the AM peak is described in terms of: 

 Caltrain and HSR average end-to-end trip time 

 Maximum and minimum trip time and standard deviation  

 Train congestion, assessed in terms of signal delay  

 Added Caltrain stops required to support overtakes (compared to assumed baseline schedule)  

Schematics shown in figure are for modeling 

purposes only. Schematics do not reflect 

conceptual engineering or design work. 








































