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Executive Summary  

 
In the 20th century, the United States (USA) led the revolution in highway 

constructions and in the aviation industry. However, in the 21st century, the United States is 
lagging behind in mass transportation investments. In particular, high-speed rail and its 
overall infrastructure are no longer competitive and need approximately $300 billion for 
repair [1].  

 
This design study is addressing the critical need of this country by focusing its scope 

on the Northeast Corridor (NEC) which is the busiest rail corridor in the USA [2]. The NEC 
intercity transportation infrastructure is no longer responding to the growing population need. 
This project will analyse the choke points of the current forms of transportation and analyse 
potential new transportation systems by simulating all modes of transportation that can access 
the major cities along the Northeast Corridor (Air, Automobile, Rail), specifically between 
District of Columbia (D.C) to New York City (NYC). Finally, a trade-off analysis has been 
performed using a developed utility function.  

 
 Since the introduction of the Acela Express in 2000, rail has captured over 75 percent 
of the high speed (air and rail) market between Washington DC and New York City [18]. 
There are a few hypotheses to be made on this relative growth of Acela. The first hypothesis 
is the more comparable travel time (door-to-door) of Acela Express and air travel shown in 
figure 13. The second hypothesis is the improved consistency. Further analysis will be done 
to accept or reject these hypotheses. However, it is assumed that the rail share may grow even 
larger with further rail improvements.  

 

 
Figure 13. Block Time Travel between Washington DC and New York City 

 
As mentioned in the ASCE’s Infrastructure report card, Amtrak improvements are 

limited primarily by funding. In this project, the team has analysed rail alternatives and 
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developed a cost-benefit ratio for each alternative. The alternatives identified so far are: Amtrak 
improvements (Trainset & rail segments), a new Maglev line, and a new high-speed rail line.  

 

Gap Analysis Methodology 

 
To examine the gap between the growing population and available high-speed seats, 

several datasets had to be synthesized. For the Air capacity data, the three major airports out 
of Washington DC, as well as the three major airports that serve New York City (NYC), were 
examined. The NYC airports are: LaGuardia (LGA), John F. Kennedy (JFK), and Newark 
(EWR). The DC airports are: Dulles (IAD), Reagan (DCA), and Baltimore/Washington 
International (BWI). 
 

The Bureau of Transportation Statistics has a publicly available database of 
“Summary Statistics Origin and Destination Airport” [3]. This database provides flight 
counts based on origin and destination, as well as time range. For the purpose of this analysis, 
all 18 origin-destination permutations were accessed. Due to the format of the database 
interface, the retrieved data would automatically be aggregated across the given date range. 
To work around this, the database was accessed 8 times for each of the 18 Origin-Destination 
combinations. Each date range used was from January 1st (start year) to January 1st (end 
year) for each start-end year pair from “2010-2011” to “2017-2018.” Combining these data 
points produces a table of all direct flights by year, between the major airports of NYC and 
Washington DC. 
 

The average seats per flight data (by year) was taken from the MIT Airline Data 
Project (ADP) [4]. Multiplying total yearly flights by total yearly seats per flight, total seats 
by year were found. This measurement is considered the maximum air transport capacity 
between Washington DC and New York City for a given year. 
 

The maximum capacity for the Acela Express was calculated using data from 
Amtrak’s “Monthly Performance Report September FY17”[5]. This report shows Acela 
ridership as well as load factor. The maximum Acela capacity is calculated by dividing 
ridership by load factor [6]. 
 

The percent of high speed public transportation moveable population was calculated 
by summing the maximum air transport capacity and the maximum Acela capacity, and 
dividing this quantity by the total population. 
 
Ridership Shift 
 

As the total number of available air transport seats has decreased, the total Acela 
ridership has increased. This correlation supports the assumption that air and rail are 
comparable travel modes (based on travel time), due to the apparent substitution of passenger 
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mode selection. As shown in Figure 1, by the year of 2030, population is projected to reach 60 
million. While population is expected to increase 2.5 percent per year, the available high-speed 
seats are projected to decrease by a half and this leads to steep decrease in percent of moveable 
population. This is visualized in Figure 1. 
 

 
 Figure 1. Population and available high speed seats per year 
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1 - Background 

 
Northeast Corridor traffic is divided into three main categories for this study. These 

categories are aircraft, railway, and automobile. Each of these modes has faced difficulties with 
the rising population of the Northeast Corridor, as elicited in the following sections. 
 

1.1 Air Transportation  

The air transportation system along the Northeast Corridor is currently near its 
maximum capacity due to increasing demand, infrastructure and physical constraints.  
According to Federal Aviation Administration in their January 2015 publication of FACT3: 
Airport Capacity Needs in the National Airspace System, “five airports will be significantly 
capacity constrained by 2020 and nine by 2030, even after all currently planned improvements 
(runways and airport infrastructure) are implemented. The improvements that are already 
planned or underway are crucial to complete, but even so they will not be sufficient to address 
all of the shortfalls by 2020, let alone 2030” [7]. These airports are Hartsfield–Jackson Atlanta 
International Airport (ATL), Philadelphia International Airport (PHL), LaGuardia Airport 
(LGA), (Newark Liberty International Airport) EWR, John F. Kennedy International Airport 
(JFK) and four are located on the Northeast corridor.   
 
 Currently, “JFK can operate a maximum of 81 flights/hour per FAA slot-control 
regulations, making it one of the FAA’s few slot-controlled airports in the United States though 
FAA slot-control regulations allow JFK 81 flights/hour, demand frequently reaches 90-100 
flights/hour during several peak hours throughout the day. By 2030, demand is expected to 
exceed capacity for most of the day. By 2030, demand for the three largest New York region 
airports is expected to increase by 50 million passengers” [8]. The current operation at JFK is 
expected to worsen over the coming decades as “potential expansion of JFK has received strong 
criticism from environmental groups, New York law- makers, local citizens, and will likely 
require comprehensive study and public support to proceed. To date, none of the runway 
construction projects have moved forward, with the largest barriers being environmental and 
political. Meanwhile the need for additional capacity to meet demand at JFK is immediate, 
pressing, and has national implications” [8]. Similarly, to JFK, Newark Liberty International 
Airport (EWR) provides 81 operations per hour, but this is expected to increase by 2030. 
Furthermore, “though multiple proposals have been put forward for additional capacity at EWR 
to address demand and congestion issues, no expansion plans are being considered and funding 
sources have not been identified” [8]. Figures 2-4 (below) show JFK, EWR, and LGA safe 
operation pareto frontiers. The density of these frontiers show that the majority of operation 
are occurring near maximum capacity conditions. 
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Figure 2. JFK capacity pareto frontier  Figure 3. EWR capacity pareto frontier 

 
 

 
Figure 4. LGA Capacity Pareto Frontier 

 
In addition to capacity constraints, airports on the Northeast Corridor (NEC) have 

physical constraints. For instance, John F. Kennedy International Airport (JFK), Ronald 
Reagan Washington National Airport (DCA), and LaGuardia Airport (LGA) are all surrounded 
by water, and highways. This physical constraint makes runway extension difficult, if not 
impossible. 
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Figure 5. LGA satellite image 

 

 
Figure 6. JFK satellite image 

According to data from the Bureau of Transportation Statistics “Summary Statistics 
Origin and Destination Airport,” the number of direct flights between Washington DC and 
New York City has been decreasing since 2010 [9]. This decrease is not limited to any single 
origin-destination pair, although the rate of decrease varies by pair, as shown in Figure 7. 
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Figure 7. Departure Seat Capacity by Airport 

The downward trend of available air passenger seats is concerning, especially 
considering that average load factor has been increasing during this time. This is visualized in 
Figure 8.. 

 
Figure 8. Average Airline Load Factor by Year 

 An increase in load factor translates to a decrease in available passenger seats when 
trying to re-seat passengers whose flight has been cancelled. 

An increasing load factor would suggest an increase in passenger usage, but according 
to a consumer airfare dataset available from the U.S. Department of Transportation, the total 
number of air passengers traveling from NYC to DC has been decreasing over the past decade, 
as seen in Figure 9.  
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Figure 9. Sum of passengers per year - All direct NYC to DC flights [9], 

 

The most direct theory to address this shift in passenger quantity would be an increase 
in price, but according to fare data from the same dataset mentioned above, the team found that 
airfare has not increased dramatically over the past ten years. However, according to An 
Analysis of Profit Cycles in the Airline Industry, “Significant airfare reduction in 2001 did not 
boost the traffic, indicating that some factors other than yield had determined the maximum 
demand level at that time. These factors are considered primary due to exogenous macro 
economy such as GDP growth and social factors such as people’s willingness and confidence 
to air travel.” The report postulates that “there exists the latent demand primarily driven by the 
economy and social factors, and price is assumed to have short-term effects on demand” [10]. 
In other words, the fare price has less impact on ridership than other factors, such as the 
passengers’ need to travel from one city to another. As shown in Figure 10, the average price 
of a NYC airline ticket has stayed close to $200 over the past ten years.  
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Figure 10. Average Airline Fare by Year - All flights originating from NYC [10], 

 

Another hypothesis would be that the airlines operating out of NYC and DC have 
shifted service to other, more monopolistic routes. Further analysis of the passenger data from 
the U.S. Department of Transportation shows that the total number of passengers flying out of 
NYC has increased while the number flying from NYC to DC has decreased. This data, 
combined with the decrease in number of direct flights between cities, supports with the 
hypothesis that consistency (frequent of service) does affect the ridership.[11]. 

 
By assessing the information so far, specifically a rising load factor, a stagnant fare 

price, and a disparity between NYC-Origin passenger counts and NYC-DC Origin-Destination 
passenger counts, the concluding theory is that passengers are simply finding other modes of 
transportation to be cheaper, more comfortable, and more accessible. This theory is supported 
by the fact that Amtrak’s Acela Express High-Speed Rail offers comparable pricing to average 
air fare along this route. Additionally, the Acela express offers amenities that are not typically 
offered on flights of comparable price. These amenities include power outlet access, free basic 
Wi-Fi, and unlimited phone usage [12].  

 
Due to the complex nature of the Northeast Corridor Transit System, it is assumed that 

there are other variables impacting demand and mode choice. However, the above information 
is enough to conclude that air transportation along the northeast corridor is at or approaching 
the limit of both physical constraints (runway space) and societal preference. 
 
 

1.2 Rail Transportation  
 Amtrak, the private corporation that owns the majority of railroads in Northeast 
Corridor (NEC), offers two services from Washington DC to Boston: the northeast regional 
and the Acela Express. The Northeast Regional is a regional rail service that runs from Boston 
to Virginia. It was designed for a top speed of 125 mph, but it is currently operating at the 
average speed of 65 mph. The Northeast Regional stops 16 times (stations stop) from 
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Washington DC to New York City, with a total travel time of 3 hours and 30 minutes. Regional 
trains, also known as “local trains” or “stopping trains,” are used to connect smaller towns to 
larger population hubs. As such, the northeast regional is not the focus of this Washington DC 
- New York City intercity travel study, but the Acela Express is. Figures 10-11 [13] 

 
Figure 10. Acela Express Station map  

 
Figure 11. Northeast Regional Station map 
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Figure 12. Acela Express and Northeast Regional trip characteristics (Adapted from NEC MPWG 

2010, Amtrak NEC Schedule Jan 2013. 
 

 
The Acela Express is a high speed rail that has maximum operating speed of 150 mph, 

and as such it is the fastest train along the Northeast Corridor. However, the average speed of 
Acela Express  is only about 80 mph due to the poor infrastructure conditions along the NEC. 
In order to reduce the intercity travel time, the Acela Express only stops 8 times (stations stop) 
from Washington DC to New York City. Currently, the Acela Express has a travel time of 2 
hours and 50 minutes from Washington DC to New York City [14] [15]. 

This travel time is considerably close to the regional travel time, because both trains 
suffer from the same problem: poor infrastructure. The Acela Express has a reactive tilting 
mechanism that allows it to tilt by approximately 3 degrees which helps improve travel time 
around curves but no amount of tilting can assist in crossing century-old bridges and tunnels. 
In these critical locations, the train must slow down to as low as 30 mph [16]. The result of this 
slow speed is causing trains to arrive late at station which can also cause cascading effect for 
the following trains. According to the American Society of Civil Engineers (ASCE) in their 
2017 Infrastructure Report Card, "while safe to operate, much of the NEC’s infrastructure is 
beyond its useful life, increasing maintenance costs and reducing system reliability. The 
average age of major NEC backlog projects is 111 years, including ten moveable bridges, three 
sets of tunnels, and one viaduct. Upgrades and repairs to basic infrastructure items like signals, 
power systems, and tracks, as well as service improvement projects to add capacity, are needed 
to meet growth in the northeastern economy and related travel demand. The condition of the 
NEC continues to deteriorate while projects are on hold pending funding. Amtrak has been left 
with little choice but to be reactive to maintenance issues due to inadequate funding"[17]. 

The Northeast Corridor Commission published a report in 2013 on critical 
infrastructure needs along the Northeast Corridor (NEC) [18]. This report outlines 32 sections 
of the NEC that are in need of repair or upgrade. Speed limitation data is only provided for a 
few of these sections, the lowest of these speed limitations being 30 mph. A comment from an 
FRA engineer, Richard Cogswell, says that “The major choke points along the NEC occur at 
or near the major passenger station (Penn Station, NY, South Station, Boston, Washington 
Union Station, etc.), where all trains have to slow down to a crawl (15 mph or less) to change 
tracks.” In addition to these choke points, the Northeast Corridor rail line is limited by the 
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curvature of the rails. The original alignment of the rail was designed for trains with a much 
lower top speed. The “Flying Scotsman” was the first recorded train to break 100 mph, and 
that didn’t happen until 1934 [19].  The exact speed limitation varies depending on the degree 
of curvature, the superelevation of the rails, and the Federal Railroad Administration (FRA) 
allowable cant deficiency for any given point along the corridor.  

The only compiled speed limit source for Acela Express that the team has Identified 
comes from a Train Enthusiast Magazine titled Trains Magazine [20]. However, Amtrak offers 
a real-time tracking application accessible at [21] that offers current speed data for the 
Northeast Corridor. Preliminary comparisons have shown the actual Acela Express speeds to 
fall within the speed limits of the Train magazine source. The team hopes to validate this further 
with additional data gathered.  

Since the introduction of the Acela Express in 2000, rail has captured over 75 percent 
of the high speed (air and rail) market between Washington DC and New York City [18]. There 
are a few hypotheses to be made on this relative growth of Acela. The first hypothesis states 
that the overall travel time shown in Figure 13 is comparable to that of air transportation. The 
second hypothesis states that the travel time estimation for rail travel is a more reliable 
prediction because it is more consistent.  

 
Figure 13. Block Time Travel between Washington DC and New York City  

 
As mentioned in the ASCE’s Infrastructure report card, Amtrak improvements are 

limited primarily by funding. In this project, the team hopes to analyse rail alternatives and 
develop a cost-benefit ratio for each alternative. The alternatives identified so far are: Amtrak 
improvements (Trainset & rail segments), a new Maglev line, and a new high-speed rail line. 

1.3 Automobile Transportation 
 

According to the NEC Intercity Travel Summary Report, in 2015, the annual intercity 
person-trips on the corridor was slightly over twenty million [22]. Among these intercity trips, 
driving represented the most popular form of travel, followed by rail and air travel.. The result 
of this intercity travel mode by cars increases the congestion and impacts the travel time to 
travel from DC-NYC. [Figure 14] 
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Figure 14. Estimates of Annual intercity Person-Trips Across All Modes - Greater Baltimore/DC to 

New York City (Thousands) 

 

Similarly, the increasing congestion on the NEC interstate highways are impacting 
economic growth of the region. According to The Amtrak Vision for the Northeast Corridor 
2012 Update Report, “Urban road congestion conditions in the Northeast, have significantly 
deteriorated over the last two decades. In the five major metropolitan regions of Boston, New 
York, Philadelphia, Baltimore and Washington, D.C., total hours of congestion increased by 
24% between 1990 and 2007, with the average commuter experiencing a 60% rise in traffic 
delays over that period and resulting in millions of gallons of additional fuel consumed 
annually. This metro-area congestion impacts both local commuters and intercity travellers. 
Analyses by the Federal Highway Administration indicate that already high congestion levels 
measured in 2002 will increase to the point of corridor gridlock by 2035, creating serious local/ 
regional mobility problems in the corridors urban areas and similar challenges for intercity 
travel” [23]. [Figure 15] 

On the question of highway congestion relief, many studies estimate that HSR will have 
little positive effect because most highway traffic is local and the diversion of intercity trips 
from highway to rail will be small. In study of HSR published in 1997, the Federal Railroad 
Administration(FRA) estimated that in most cases rail improvements would divert only 3%-
6% of intercity automobile trips[Citation]. However, Based on energy and emissions factors 
and evaluation methods from the United States Environmental Protection Agency(USEPA) 
and Department of Energy(DOE), energy savings along the NEC were estimated at an annual 
$0.4 billion dollars, due to a shift from other modes to rail, as rail is more energy-efficient and 
less-polluting[23]. 
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Figure 15. Highway Congestion of Northeast Corridor 

Among the three main interstate bridges/tunnels (George Washington Bridge, Lincoln 
Tunnel, Holland Tunnel) that connects New Jersey to New York City, Holland Tunnel is the 
shortest path to connect travellers from DC to New York City. The Holland tunnel was opened 
to traffic in 1927 and has nine (9) lanes with length of 8,558 feet (1.62 miles) on the North tube 
and 8,371 (1.58 miles) feet on the south tube [24]. Over the past years, although the tunnel 
daily vehicles passing have been decreasing steadily to its designed capacity of 15 million 
vehicle a year, the tunnel is a major choke point. In 1927, it took eight minutes to travel the 
tunnel and today, it takes up to an hour to travel the tunnel 1.6 miles long tunnel [25]. The 
figure 16 shows the operating capacity of Holland tunnel and the decreasing traffic. 

 
Figure 16. Average Daily Interstate Traffic by Year (Holland Tunnel, Lincoln Tunnel, George 

Washington Bridge) 
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The average daily traffic has decreased for both the Lincoln and Holland Tunnels, but 
it has increased for the George Washington (G.W) bridge. With a speed limit of 45 mph, the 
G. W. Bridge is estimated to have a maximum daily capacity of 1 million vehicles using the 
highway capacity estimation techniques provided in the FHWA’s Simplified Highway 
Capacity Calculation Method for the Highway Performance Monitoring System. It should be 
noted that this estimation has ignored the adjustment factor for heavy vehicles. The team hopes 
to incorporate this factor into the calculation during further research. Additionally, the free-
flow speed has been set equal to the speed limit along the bridge, to simplify calculation. 

Daily Capacity = (BaseCapacity) X (Fhv) X (Lanes) 

BaseCapacity = 1,000 + 20 x FreeFlowSpeed 

FreeFlowSpeed = Speed Limit of Bridge = 45 mph 

Lanes = 22      (From NY-NJ Port Authority) 

Fhw = 1           (Ignored Variable) 

The 1 Million daily vehicles calculated above is a very optimistic number. It is likely 
that there are additional variables that would greatly reduce this value, such as the heavy 
vehicle factor mentioned above. With this in mind, the daily vehicle capacity has been 
multiplied by a confidence factor of 0.7 (Subjective by project team). This brings the estimated 
daily capacity to 700,000. 

It should be noted that automobile traffic is subject to a flow density relationship as 
shown in the FHWA’s Freeway Management and Operations Handbook. This relationship 
shows that the traffic flow of a road will regress after a certain density has been reached. The 
exact value of this “sweet spot” is different for each section of road, as it is determined by 
factors such as lane width [26]. [Figure 17] 

  

 
Figure 17. Highway Traffic Flow-Density graph 

Although the Holland and Lincoln tunnels are heavily congested, the George 
Washington Bridge has an incredible capacity that its daily traffic has yet to approach, 
according to the calculations shown above. This high capacity estimation can only be applied 
to the bridge itself. The congestion within New York City is another matter altogether. 
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The New York City Department of Transportation has identified sixteen “Gridlock 
Alert” days in 2018 [27]. During these days, “drivers can expect that travel through midtown 
will take twice as long as a typical day of the week.” In addition to this, Urban Mobility data 
from the Texas A&M Transportation Institute shows an increase in total delay (person-hours) 
from 400 million to 630 million from 1998 to 2014 [28]. 

Due to the increasing congestion in NYC, as well as the long DC-NYC travel time by 
road, the team concluded that the limitations of automobile travel are tied to variables beyond 
the scope of this project, as structure the street layout/traffic patterns within NYC cannot be 
changed, nor can an increase in safe travel speeds along the highway corridor be forced.  
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2 - Statement of Work 

 

2.1 Problem Statement 

 As the population is expected to grow, the three major modes of intercity transportation 
along the Northeast Corridor between DC & NYC -- Planes, Trains, Automobiles -- will 
struggle to meet future transportation demand over the next 50 years. 
 

2.2 Need Statement 
 
 There is a need to move more people along the Northeast Corridor (NEC). In order to 
address this need, each current mode of transportation along the NEC will be analyzed to 
determine how to mitigate this problem. 

2.3 Project Scope  
 
 This project is limited to the portion of the Northeast Corridor (NEC) that runs between 
Washington D.C and New York City. Between these inter-cities, there are primarily three 
modes of transportation that can access each city along this path: Automobile, Rail, and Air 
transportation. The team will analyse the limitation of the current transportation systems and 
evaluate different high-speed future design alternatives.  

2.4 Project Mission Requirement 

 The mission requirements in Table 1 are generalized to all transportation design 
alternatives. The test plan in Table 2 will be used to verify these mission requirements. 
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           Requirements  Justification 

MR.1 The System shall Operate at or below 
70% capacity. 

 As passenger volume increases, delays 
tend to increase across all modes. 

MR.2 The System shall deliver passengers in 
90 minutes. 

 The new system must be competitive to 
air. 

MR.3. The system shall adhere to federal 
transportation regulations set by the 
Department of Transportation (DOT).  

 Adhering to safety regulations is required 
by law and will also ensure that customers 
are not endangered while using the 
system. 

Table 1. Project Mission Requirements 

 
 

Table 2. Mission Requirements Test Plan  
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3 - Stakeholder Analysis and Tension 

 
The main stakeholders for the new transit system are the passengers, corridor 

population, competitors, regulatory agencies and the government. All of the stakeholders are 
affected by the new transit system. 

3.1 Passengers/Corridor Population 
 

The main objective of passengers is to move from point A to point B in a cheaper and 
faster way. The passengers are the main source of revenue of the new system. A tension exists 
between passenger and the new system over the reliability of the system. The corridor 
population are the people who live near the system where it will be implemented. Their 
objective is to reduce noises, traffics and access to new routes. A tension arises when the path 
of the new systems travels through a city that may find, noise and pollution to be intolerable or 
detrimental to the existing wildlife. 
 

3.2 Competitors 

The competitors of the new transit systems are airlines, bus and trains. They are the 
three major transportation systems along the northeast corridor. Their objective is to gain more 
customers, retain customers and produce revenue. The new system could potentially take away 
customers from the competitors, and it creates a tension between them. 

3.3 Regulators 

The regulatory agencies relative to the new transit system are Environmental Protection 
Agency (EPA), Department of Transportation(DOT) and Department of Homeland 
Security(DHS). EPA ensures that environmental regulations are met, which ensures air quality 
requirements are met, as well as pollution prevent measures are implemented. The EPA’s 
primary object is to enforce environmental protection regulations. A tension exists for a new 
system that will produce any environmental pollution. Department of Transportation is 
responsible for helping and maintaining transportation systems and infrastructure. Department 
of transportation also develop, implement and enforces regulations for all modes of 
transportation. DOT’s objective is to increase traveler mobility, safety and promote economic 
growth. A tension exists between DOT and the new system to follow all the regulations. The 
Department of Homeland Security’s main duty is to ensure the safety and security of the United 
States. The objective for DHS is to prevent terrorist attacks in transportation system and 
safeguard the critical infrastructure along the Northeast corridor. 

3.4 Government/Congress 

The new system would bring benefits to the state government. A new transport system 
potentially can move more people and state government can collect more taxes. Congress is 
responsible for approve funding for new transit system. A tension exists over the amount of 
money to be approved. 
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Stakeholder Objective Tension 

Passengers Travel between Cities With transit systems: 
reliability of the system 

Corridor Population -Reduce local noise and 
traffic 
-Access new route 

With transit systems: noises 
and traffics 

Airlines/Bus/Train -Retain/Gain Customers 
-Produce revenue 

With each other 
With DoT: following 
regulations 
With new transit system 

State Government -Promote local economy 
-Enforce laws 
-Build/Maintain Roads 

  

Department of 
Transportation 

-Increase traveler mobility 
-Increase traveler safety 
-promote economic growth 

With new transit system: 
regulations and law 

Department of Homeland 
Security 

-Prevent terrorist attacks 
-Safeguard critical 
infrastructure 

With new transit system: 
regulations and law 

Congress -Approve Funding for transit 
systems 

With transit systems: funds 

Environmental Protection 
Agency 

-Ensure new system meets 
regulations 
-Improve air quality and 
prevent pollution 
-protect environment by 
enforcing law 

With new transit system: 
environmental regulations 

CATSR (Dr. Donohue) -Identify potential mass 
transit solution 

 

Table 3. Stakeholder Objectives and Tensions 
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Figure 18. Stakeholder Analysis 

 

 
Figure 19. Stakeholder Objectives 
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4 - Design Alternatives 

 

4.1 Background and Selection approach 
 
 There are three design alternatives considered in this report. Two of these alternatives 
have been chosen based on factors that are unique to the northeast corridor, while the third 
alternative is a generalized high-speed rail based on current european models. The first unique 
alternative, Maglev, was chosen because a Baltimore-Washington DC Maglev project is 
already in the process of conducting an Environmental Impact Assessment (EIS) in compliance 
with the National Environmental Policy Act (NEPA). 
 

The other unique design alternative is the Acela Express improvement alternative. This 
alternative is based on Amtrak’s current plan for the revitalization of the Acela fleet along the 
Northeast Corridor. The Acela fleet is planned to be replaced by 2022, and the new fleet is 
expected to operate at higher capacity and speed. These improvements, combined with several 
critical infrastructure repairs, will bring the underperforming Acela into the modern high-speed 
rail scene. 

 
The third, and heretofore unmentioned alternative is the ICE 3 High-Speed Train. While 

more commonly referred to as “ICE,” the InterCity Express is a broad category of train which 
needs must be defined more specifically by a model and/or class number. For this study, the 
team considers the ICE 3 base model and the Velaro D subclass (ICE 3 Class 407) 
interchangeably, based on the similarities of the design and the availability of research data on 
these trainset designs. The slight differences between the base ICE 3 and the Class 407 ICE 3 
are considered negligible due to the considerable modifications needed to convert european 
trains to meet american safety standards. 

 

4.2 Design Alternative: Maglev 
 

4.2.1 Technical Background 
 
When examining Maglev systems, the team found that there are two different 

implementations that have been developed separately: electromagnetic suspension technology 
(EMS) developed in Germany, and electrodynamic suspension technology (EDS) developed 
in Japan [29] . A third type of Maglev technology known as Magnetodynamic Suspension 
(MDS) has also been designed and patented, but this design has yet to be built and tested. As 
such, it has been excluded this alternative from consideration. In simple terms, EMS tech 
causes the vehicle to levitate at all times, while EDS tech uses load-bearing wheels at low 
speeds and levitation at high speeds. Table 1.1 outlines several technical differences between 
these two technologies. 
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Vehicle floats on an air gap 
of: 

1.3 cm 10.2 cm 

Presence of Wheels None Auxiliary wheels for support 
at low speeds  
(less than 80 km/h) 

Type of Magnets Iron-Core electromagnet Superconducting Coils 

To Achieve Stable 
Levitation 

Requires electronic sensing 
of the continuous gap and 
continuous control of 
magnetic current 

Requires reaching a 
sufficient forward velocity 
(about 80 km/h) 

Propulsion Long-stator iron-core linear 
synchronous motor 

Long-stator air-core linear 
synchronous motor 

Table 1.1 Basic Maglev Technology Features (Railway Management and Engineering) 

 
The main advantage of electromagnetic suspension (EMS) is that the vehicle levitates 

at all speeds, meaning there is no need for a secondary low-speed suspension system and there 
is no wheel-track contact friction. This constant levitation is accomplished using a tightly-
coupled set of magnets and electromagnets embedded in the vehicle and track. However, in 
order to accomplish constant levitation, the EMS system requires very tight tolerance control 
of the track design. The vehicle cross-section of the German TransRapid (TR) Maglev train in 
Figure 1.2 shows how the suspension system grips the track with magnetized claws. To 
maintain dynamic stability and provide a smooth safe ride, the air gap between the claw and 
track has to kept very small. 

 

 
Figure 1.2 Electromagnetic Suspension (EMS) Maglev 

This magnetized claw arrangement has several benefits. The magnetic field generated 
by these magnets is not as powerful as that found in EDS systems. This means there is a reduced 
risk of magnetically-induced health problems , such as the shorting of a pacemaker circuit or 
the permanent damage to a person’s central nervous system. One downside to this magnetized 
claw arrangement is that the tolerance control must be kept very small in order for the system 
to operate smoothly. 

 
In contrast to the constant levitation provided by EMS, Electrodynamic Suspension 

(EDS) only levitates the vehicle after reaching a certain speed. Mounted with permanent 
magnets or low-temperature superconducting coils, the vehicle induces current while passing 
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over magnetic elements embedded in the track. This induced current is then used to repel the 
vehicle from the track, effectively creating an air buffer for the vehicle to coast upon. This 
repelling force works with gravity to keep the vehicle stable at a certain levitation height. The 
repellant force is very strong up close, but quickly drops in strength at distance. This allows 
the vehicle to use its own weight as a counterbalance to the force of the magnet, effectively 
limiting the upward force applied to the vehicle without the need for tight tolerances and 
additional magnets. Figure 1.3 shows the Japanese MLX electrodynamic suspension system. 

 

 
Figure 1.3 Principle of Japanese MLX Maglev 

 
Electrodynamic Suspension can be further broken down into two types: 

Superconducting magnet type and permanent magnet type. The older of the two types is the 
superconducting magnet type, as the EDS concept was first explored under the assumption that 
permanent magnets could not generate the required magnetic field. However, advances in 
magnet design has changed this assumption. The permanent magnet type uses high intensity 
magnets combined with an active control system to manage stability at high speeds. This 
permanent magnet type holds the advantage of not requiring the cooling devices used to 
maintain superconducting electromagnets. However, the active control system of the 
permanent magnet type becomes critical to the operation of the vehicle, as the permanent 
magnet arrangement is prone to oscillation when disturbances occur. As the older and more 
validated technology type, the superconducting electromagnet type is what the team considers 
when referring to electrodynamic suspension (EDS).  

 
In order to compare Maglev with other High-speed rail alternatives, the German 

Transrapid Maglev design (Electromagnetic suspension) has been chosen. This decision is 
based primarily on the seniority of EMS technology, combined with the dearth of research 
related to EDS technology. Furthermore, the evolving nature of EDS technology makes it 
unsuitable for immediate implementation. [30] 
 

4.2.2 Comparison With Conventional High-Speed Rail (HSR) 
 
 The 2010 Georgia Tech thesis by Dominik Ziemke offers a thorough comparison of 
Maglev and wheel-on-rail systems. This comparison is made on a per-attribute basis, for a list 
of 58 attributes. In the upcoming utility analysis section, 27 of these attributes are have been 
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chosen based on the availability of data across all modes considered. In this section, the team 
examined several attributes that will not be addressed later. For the sake of organization, these 
attributes are grouped into the following 7 categories. These categories are: 

● Technical Aspects 
● Environmental Impacts 
● Economic Aspects 
● Aspects of User Friendliness 
● Operations 
● Political Aspects 
● Safety Aspects 

The goal of this section is to better contextualize the Maglev system by outlining key 
differences across these attributes [31]. 

 

4.2.2.1 Technical Aspects - Acceleration 
 
 Acceleration is a critical component of travel time. The top speed of a vehicle is largely 
irrelevant if said vehicle cannot reach top speed due to acceleration limitations. When 
comparing the acceleration of the TransRapid Maglev and the ICE 3 high-speed rail, the 
Maglev system offers a greater, more consistent acceleration. The acceleration of Maglev is 
consistent at 0.9 m/s2 for speeds up to 300 km/h (186 mph), whereas the acceleration of ICE 3 
drops over time as the vehicle’s speed increases. Table 1.2 shows average acceleration rates 
for both ICE 3 HSR and TransRapid Maglev, given over a range of speeds. 
 

 
Table 1.2 Average acceleration of HSR and Maglev 
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4.2.2.2 Technical Aspects - Flexibility in Track Alignment 
 
 When navigating a curve in a traditional wheel-on-rail vehicle, the safe top speed of the 
vehicle is limited by the centrifugal force acting on the passengers. This force can be mitigated 
by the use of a cross slope, or cant, which tilts the vehicle towards the inside of the curve. An 
increased cant height should translate to an increased top speed (without loss of passenger 
comfort). However, the maximum allowable cant height is restricted by another factor. Safety 
regulations demand that all sections of track allow for emergency stops, meaning this cant 
height must allow for vehicles of all speeds. In other words, the cant height must be small 
enough such that there is no concern of vehicles tipping at slow speeds. 

With this in mind, Maglev offers significant improvements over wheel-on-rail systems. 
The Maglev design grips the track by default, meaning there is no risk of the vehicle tipping. 
This frictionless suspension system allows for sharper curves, both horizontal and vertical. 

 

4.2.2.3 Environmental Impacts - Barrier Effect (Physical Separation of Landscape & 
Cityscape) 
 
 When planning large infrastructure projects, one must be careful that the new 
infrastructure does not negatively impact the local economy. The “barrier effect” is when a 
new road or railway cuts across a populated area, effectively separating the space. A good 
example of this phenomenon is the Central Artery in Boston. This highway was built along the 
waterfront, but later had to be moved underground due to the divisive impact it had on the 
community. When considering a new rail line for the northeast corridor, the barrier effect 
should be minimized such that the presence of rail does not interrupt other transit modes. 
Maglev has an immediate advantage in this regard, due to the elevated-slab nature of Maglev 
tracks. These elevated tracks can allow for pedestrian underpasses, as well as multi-lane 
highway underpasses. Traditional HSR can be built on elevated structures as well, but it would 
require additional funding and resources that are not built into the base design. As such, wheel-
on-rail HSR is more likely to have a harmful barrier effect than a Maglev system. 
 

4.2.2.4 Environmental Impact - Need for Construction of Structures 
 
 Traditional High-speed rail must be designed so that the wheels hold sufficient traction 
against the rail at all times. These frictional constraints prevent the vehicle from accelerating 
faster and turning tighter. Fortunately, Maglev circumvents all of this by providing frictionless 
acceleration. This means that Maglev is not subjected to the same alignment limitations as 
HSR. As such, a new Maglev line will have greater flexibility in terms of initial line placement 
and structures required. Depending on the chosen alignment, a new Maglev line might be able 
to go over or around a hill that otherwise would have required a tunnel. 
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4.2.2.5 Economic Aspects - Operation Costs 
 
 The  total operation costs of a Maglev system should be lower than that of traditional 
High-Speed Rail. When comparing Maglev and HSR, the increased speeds of Maglev allow 
for a smaller fleet size while maintaining the same daily transportation capacity. This benefit 
outweighs the additional energy costs incurred from traveling at high-speeds, resulting in a 
lower overall operating cost. 
 

4.2.2.6 Aspects of User Friendliness - Travel Time 
 
 The travel time of a new rail system is dependent on several factors, such as top speed, 
acceleration, braking performance, and legislative restrictions. When Maglev and HSR travel 
times are compared based solely upon top speed, there is a marginal improvement (In favor of 
Maglev). However, when the changes in acceleration and braking distance are accounted for, 
it is shown that Maglev is far superior in terms of travel time. One example from the Georgia 
Tech study is the proposed alignment of the Beijing-Shanghai corridor. After taking into 
account the station dwell times, speed reductions due to urban environments, and alignment 
constraints, Maglev is projected to take 5 hours to travel the 909 mile segment. For this same 
segment, the wheel-on-rail alternative has an expected travel time of 8 hours. These times are 
not directly applicable to the northeast corridor, but the relevant NEC travel times are 
calculated later in this report. However, these times do help establish the performance increase 
of Maglev compared to wheel-on-rail systems over long distances. 
 

4.2.2.7 Aspects of User Friendliness - Image and Attractiveness 
 
 According to Ziemke, “Some authors say that the Maglev system, due to its more 
innovative technology, has a higher attractiveness. Others argue that it is solely the higher 
travel speeds and shorter travel times that make Maglev more attractive.” The segment 
concludes by saying “Both high-speed ground transportation systems are capable of having a 
very good image and high attractiveness, with the Maglev system having slightly better 
values.” The present assumption is that Maglev will be somewhat more attractive than 
traditional HSR, but this may be a side effect of Maglev being a new technology, rather than 
any lasting difference between the two modes. 
 

4.2.2.8 Operations - Achievable speeds in Urbanized Areas 
 
 Railway speed restrictions in urban areas are often imposed by resident-friendly 
legislation rather than vehicle performance limitations. In these areas, vehicles must slow down 
in order to reduce their noise emissions to be within an acceptable range. The specific volume 
restrictions of a region will vary across districts, but Table 1.4 shows a comparison between 
the Transrapid, ICE 3, and two sizes of truck. The truck comparison is made to show that a 
Maglev line running up to 140 km/h (124 mph) could be placed on a highway median without 
creating any additional noise pollution beyond what is already generated by vehicles on the 
highway. Figure 1.5 shows an example of this arrangement. 
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Table 1.4 Comparison of Different Transportation-Related Noise Emitters 

 
Figure 1.5 Possible Alignment for High-Speed Maglev Systems in Urbanized Areas 

 

4.2.2.9 Operations - Ability to Create a Connected High-Speed Transportation Infrastructure 
 
 As demonstrated in Figure 1.6, there are two types of networks formed by 
transportation: Route networks and Line networks. Route networks are characterized by a high 
connectivity between nodes, whereas line networks are more conservative with rail, preferring 
to route through existing lines and stations rather than lay down more track. 
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Figure 1.6 Different Types of Railroad Networks  

When comparing route and line networks, one can see that Maglev is better suited to 
line networks. This is primarily due to the complexity of Maglev switches. Line networks 
feature a reduced number of connections, which translates directly to a reduced number of 
switches. As such, Maglev is well-suited for line networks, and poorly-suited for route 
networks. When examining a mode’s contribution to the connectivity of it’s transit network, 
Maglev is proven to be worse than traditional high-speed rail. This judgement is made on the 
basis that traditional high-speed rail can interface with the current rail infrastructure, whereas 
Maglev requires unique tracks and switches. 
 

4.2.2.10 Political Aspects - Political Feasibility 
 
 Despite holding technical superiority over traditional High-Speed rail, Maglev has 
struggled to prove itself. Wheel-on-rail systems are cheaper while accomplishing the same 
basic function as Maglev. The limited number of Maglev systems in operation world-wide 
contributes to a general suspicion of this new technology. This suspicion is heightened 
whenever a Maglev project is cancelled, as the cancellation signals any number of underlying 
project problems. For example, the Berlin-Hamburg Maglev project was cancelled due to 
increased capital costs and decreased projected ridership. This project would have connected 
two of Germany’s largest cities, and was seemingly an ideal choice for Maglev. When this 
project was cancelled, it sent a message to the world that “Maglev is not ready for germany.” 
This message discourages the construction of other Maglev lines, and future Maglev 
cancellations will only add to this discouragement. When comparing Maglev and traditional 
HSR, Traditional HSR is more politically feasible due to the long-standing trust which Maglev 
lacks. 
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4.2.2.11 Political Aspects - External Economic Effects 
 
 The introduction of a high-speed transportation network is expected to have a positive 
effect on the local economy of the corridor. This positive effect comes in several forms. For 
example, there is the blunt impact of improved travel times. Improved travel times allow for 
quicker business trips, which can reduce the overall cost of doing business. Another example 
of positive impact is the increased mobility of the local population. Owning a personal vehicle 
can be prohibitively expensive. Having access to public transportation can greatly improve the 
financial and social prospects for mobility-constrained individuals. A third example is that of 
broadened job markets. Having greater mobility allows for broader job prospects, and it allows 
for higher levels of specialization. 
 
 The advantages introduced by a high-speed transportation system are not dependent on 
mode. When comparing Maglev and traditional HSR, the team found both alternatives to be 
equal when operated at or below 300 km/h. 
  

4.2.2.12 Impact on the Northeast Corridor - Capacity & Travel Time 
 
 As of April 2018, the Baltimore-Washington Superconducting Maglev Project 
(BWSMP) is working with the Federal Railway Administration as well as the Maryland 
Department of Transportation to develop a plan to implement Maglev on the Northeast 
Corridor. Unfortunately, this plan only extends from Washington DC to Baltimore. However, 
the team derived DC-NYC travel time based on this data. Specifically, in the November 2018 
Final Alternatives Report published by BWSMP, they claim that a Maglev system “could 
accelerate to 311 mph (500 km/h) in two minutes at a rate of 0.1g with no adverse impact on 
passenger comfort.” By applying this acceleration rate and top speed to each segment along 
the route, the total travel time comes out to approximately 63 minutes. Including a 2 minute 
dwelling time per station (7 intermediate stations), the total travel time comes out to 77  
minutes, or 1 hour and 17 minutes. In summary, Maglev offers what is essentially a 1.25 hour 
travel time from NYC to DC [32]. 
 

4.3 Design Alternative: Repair Acela Roadbed & Implement New Avelia Liberty Fleet 
 

4.3.1 Context of Acela Design Alternative 
 
 In 2014, Amtrak issued a request for proposals for a new fleet of high-speed trainsets. 
This request was made in association with the California High-Speed Rail Authority 
(Authority), stating “The trainsets are essential to meeting Amtrak’s critical short-term need to 
expand the capacity of its current Northeast Corridor (NEC) high-speed service and meeting 
the long-term operational needs of both Amtrak and the Authority”[33]. However, after 
discussions with potential manufacturers, Amtrak and the Authority decided their needs were 
too different for the combined bid to work [34]. Two years later, Amtrak announced that they 
had signed with the French company Alstom to receive 28 trainsets of a new design known as 
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the Avelia Liberty [35]. This order would replace and expand the previous Acela fleet of 20 
trainsets. The new trainsets are scheduled for completion by the end of 2022 [35], and will 
offer increased speed, capacity, and operational frequency along the route [36]. 
 

4.3.2 History of Amtrak in the United States 
 The old (to-be-replaced) Acela fleet was produced by the joint company Bombardier-
Alstom, composed of the canadian company Bombardier Inc. and the French company GEC 
Alstom [37]. This is the same Alstom that is producing the Avelia Liberty, and as such, the 
production life-cycle of the Acela fleet was analyzed to make projections on the production 
life-cycle of the Avelia fleet. 
 

Unfortunately, the construction of the Acela fleet proved to be more difficult than 
Bombardier-Alstom (referred to as the Consortium) predicted. According to the United States 
Government Accountability Office (GAO), “Concerns about the quality of the Consortium’s 
work and Amtrak’s withholding of $70 million in payments resulted in the parties suing each 
other, each seeking damages of $200 million [38].” 

 
A separate report from the GAO states that “Among the issues that have impacted the 

Acela program are the following: (1) potential difficulties due to new technology, (2) impacts 
from new safety standards to accommodate high-speed rail, (3) manufacturing and production 
delays, and (4) abbreviated testing of the trains prior to placement in revenue service. The 
Acela trainsets are not an “off-the-shelf” piece of equipment but rather a combination of both 
new and existing technology. According to the Federal Railroad Administration (FRA), this 
was the first time this particular combination of new and existing technology had been designed 
as one unit. As such, the equipment required considerable time to develop and test, and the 
probability of expected and unexpected problems was high. Furthermore, the trainset grew in 
weight and cost due to new safety regulations. The Consortium also encountered production 
delays. With Amtrak under considerable financial and time pressures to place the trainsets into 
service; therefore, trainset testing was abbreviated. In addition to building the Acela trainsets, 
the Consortium entered into a contractual arrangement with Amtrak to manage the Acela 
facilities and maintain the trainsets, including training and supervising Amtrak employees. 
Since the trainsets were placed into revenue service in 2000, unexpected problems have been 
encountered that have resulted in lost revenue and damaged the image of the Acela program. 
For example, an equipment failure forced Amtrak to withdraw the Acela trainsets from service 
for 2 months in 2002. As problems and difficulties mounted, increased tension between Amtrak 
and the trainset manufacturer led to legal action against each other. [39]” 
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Figure 1.7 Status of Work elements listed in FRA’s 1994 Master Plan, by Milestones, as of March 2003 

 
This legal dispute was not the first setback for high-speed rail on the Northeast 

Corridor. According the FRA’s 1994 master plan, a reliable 3-hour travel time between NYC 
and DC should have been achievable by 2001. According to Amtrak, this goal could be met by 
1999. At the writing of this report, the year is 2019 and Amtrak has yet to deliver a 3-hour 
travel time. Despite this, “Several Amtrak officials told us that they consider the Northeast 
High-Speed Rail Improvement Project complete, even though Amtrak has not achieved the 3-
hour goal and the work is not finished. [40]” The same report explains that “As of March 2003, 
a total of 51 of the project’s 72 work elements were not complete or their status was unknown. 
[40]” Figure 1.7 shows the complete/incomplete status of work elements in Amtrak’s Northeast 
High-Speed Rail Improvement Project. 

 
The Acela Express was designed by a French-Canadian Consortium (Alstom-

Bombardier), meaning that the original schematics were based on previous European trains. 
When the Consortium signed the Acela contract in 1996, they found that Amtrak (and by 
extension the Federal Railroad Administration) had very different requirements and 
expectations than the Consortium had encountered in the European market. This led to contract 
disputes and even litigation, as the Consortium eventually sued Amtrak in 2001. Amtrak fired 
back with their own suit against the Consortium in 2002, and they eventually settled out of 
court in 2004. With this settlement came a new agreement that Amtrak would take over 
management and maintenance of the Acela fleet in 2008 rather than in 2013. 
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Figure 1.8 Timeline of Amtrak-Alstom Construction and Legal Proceedings of Acela Express 

As mentioned previously, Amtrak and Bombardier-Alstom (the Consortium) had 
trouble with the development of the Acela Express. These issues all stem from the lack of high-
speed rail building experience in the United States, but the GAO groups them into four 
categories: “ (1) potential difficulties due to new technology, (2) impacts from new safety 
standards to accommodate high-speed rail, (3) manufacturing and production delays, and (4) 
abbreviated testing of the trains prior to placement in revenue service. [39]” It should be noted 
that these challenges are still present in the current planning and construction of the new Acela 
fleet, but on a lesser scale. Amtrak now has experience both with designing and implementing 
a “high-speed” rail line, and the legal trouble previously encountered with Alstom should be 
more easily avoided the second time around.  
 

4.3.3 Technical Specifications 
 
 The Avelia Liberty fleet is currently (as of 2018) under construction, and most 
technical data is only available in the form of press-release kits and short announcements by 
Amtrak or Alstom. Given this scarcity of data, the following technical information has been 
gathered and synthesized. 
 
 In the “Avelia Liberty Case Study” published and available on Alstom’s website, the 
following key benefits are highlighted [36]: 

● Minimized Journey Time 
The tilting system allows the trainset to run faster in curves and still operate at 186 
mph (300 km/h) on high-speed lines with premium comfort and safety. 

● Capacity can be increased by up to 35% with welcoming interiors 
Longer trainsets, shorter power cars, and optimized interior layouts provide more 
space for passengers. The new trainsets welcome passengers, with premium services 
and high-end comfort, including connectivity, an improved boarding experience, 
more comfortable seating, and legroom. 
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● Unrivalled energy efficiency 
Aerodynamic design and low weight allow the trainset to consume up to 20%+ less 
energy than other trainsets. 

● Designed to evolve: Speed and Capacity 
Speeds can be increased up to 220 mph (350 km/h) without the tilting system; and 
passenger capacity from 9 cars up to 12, without any modification to the traction 
systems, as ridership demand grows over time. 

 
The most notable points above, in reference to the present Acela Fleet, are the increased 

speed and capacity. The increase in speed is attributed to the tilting capability of the new 
trainset. The current Acela trainset also has the ability to tilt, but only up to 4.2 degrees instead 
of the 7-degree tilt for which it was initially designed. This smaller degree of tilt is due to 
design failure, as the initial Acela Trainset model was 4 inches too wide to accommodate the 
full range of tilt initially planned. The new trainset design promises the full 7 degrees of tilt, 
and in this study,  it is assumed that the trainset will be capable of this tilt. The 1st-Generation 
Acela Express faced many problems as it was the first “high-speed” train in the United States. 
The new Avelia Liberty fleet will benefit from Alstom’s prior experience with the Acela, as 
well as their experience with the United States’ railway legislation.  [36] 

 

4.3.3.1 Avelia Liberty - Travel Time 
 
         To fill this knowledge gap, we’ve pulled information from the 2014 Tier 3 Next 
Generation Amtrak/Authority Trainset Performance Specification document. This document 
outlines design requirements for the new trainset. Specifically, this document states that the 
Washington DC to New York Penn Station route shall have a travel time “Not to exceed 2 
hours 21 minutes with one-minute station stops at Baltimore, MD; Wilmington DE; 
Philadelphia 30th Street Station, PA; and Newark, NJ.” [45] 
 
         In contrast to this data point, the team also found speed calculations based on simulation 
data from a 2010 study by America 2050. According to this study, “Computer simulations of 
train operations, taking into account the geometry of the concept alignment and the 
performance capabilities of the trains, show wide variations in speed, but show average 
‘commercial’ operating speeds (which include time stopped at stations).” The simulated travel 
time for the “Next-Gen High-Speed Rail Express” is 1 hour and 55 minutes between 
Washington DC and New York City. 
 
         Using these two times, the team estimated a range for travel time from 1 hour 55 
minutes to 2 hours 21 minutes. The average of these two times is 2 hours and 8 minutes. In 
contrast to this, the current (as of March 2019) Acela Express timetable shows a travel time of 
3 hours. This difference of 50 minutes translates to a 27% decrease in travel time. 
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4.3.3.2 Avelia Liberty - Trainset Capacity 
 

The capacity of the trainsets is another point of direct improvement over the current 
fleet. Measuring at 304 seats per trainset, the current Acela configuration will be significantly 
outperformed by the new design, which has 381 seats per trainset. Additionally, this seat-count 
can be increased as demand increases, due to the modular nature of the Avelia Liberty trainset. 
According to Alstom’s Avelia Liberty Case Study, the initial trainset will be comprised of 9 
passenger cars and 2 power cars, but this can be increased up to 12 passenger cars when the 
need arises. The resulting capacities are 381 seats at 9 passenger cars, or 518 at 12 passenger 
cars. [36] 

 
         To expand on and analyse this change in capacity, the frequency of service must first 
be addressed. The Amtrak Northeast Corridor timetable, which went into effect in March of 
2019, shows 16 daily Acela Express trains each direction for Monday through Friday. The 
number of trains on Saturday is 4 each direction, while the number on Sunday is 9 each 
direction. [44] 
 
         The current arrangement of 16 Acela Express trains running each direction each 
weekday gives a total of 32 intercity vehicle trips per weekday. With the current vehicle 
capacity of 304 seats per trainset, multiplication is performed to find the maximum weekday 
capacity of 9,728 passengers per day. The new Avelia Liberty trainset will have a vehicle 
capacity of 381 upon initial construction. If the frequency of 32 daily intercity vehicle trips 
remains the same, the new maximum daily capacity will be 12,192 passengers. To expand on 
this, if the Avelia Liberty is upgraded to its maximum trainset size of 518 seats per trainset, the 
new maximum daily capacity will be 16,576 passengers. 
 

Trainset Maximum Weekday Capacity (Passengers) 

Acela Express (Old fleet) 9,728 

Avelia Liberty (Base model) 12,192 

Avelia Liberty (Fully Upgraded) 16,576 

Table 1.5 : Maximum weekday capacity for different trainsets 
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4.4 Design Alternative: ICE 3 High-Speed Rail 
 

4.4.1 Context of High-Speed rail in the United States 
 
 High-speed rail technology is novel to the United States but has existed in other 
countries for many years. This section focuses on HSR in Europe & Asia, for the purpose of 
bringing foreign HSR technology to the United States. 
 
 To understand the current state of HSR in the United states, it’s history must be 
observed. In the 1800’s, rail was the dominant form of intercity travel across the United states. 
This changed over the course of the 1900’s as other modes became available and subsequently 
more practical than rail. These new modes, Automobile and Air travel, had distinct advantages 
over Rail in the US. For example, the US interstate highway network is free to use, unlike most 
highway networks found in other countries. These advantages shifted the transit playing field, 
with automobile taking center stage as the cheapest and most flexible transit option (for those 
owning a vehicle), and air travel taking the high-speed travel market share. Rail falls 
awkwardly in the middle where it is neither as fast as air travel nor as flexible as automobile. 
 
 Over the past century, there has been significant growth of rail networks across Asia 
and Europe. This suggests that rail is not an inherently inferior mode of travel. That being said, 
there are no major profit-making rail networks currently in operation in any country, and there 
are only two profitable rail lines in existence: the Paris-Lyon line and the Tokyo-Osaka line. 
Most rail systems require government subsidies to maintain operations, and a new high-speed 
rail system should be expected to call upon the government for support. According to the 
Amtrak 2019-2023 Capital Investment Plan, “The plan includes $28 billion in investment on 
the NEC rail line.” Of this $28 billion, “Amtrak, states, and commuter railroads will contribute 
approximately $3.1 billion over the next five years.” The remaining $25 billion must come 
from other sources. Amtrak will continue to need additional funding, and the introduction of 
an additional HSR system will split the funding available to Amtrak.  
  

4.4.2 Technical Specifications 
 

4.4.2.1 ICE 3 - Trainset Capacity 
 
 The first generation of the ICE 3 trainset came in 2 versions: single system and multi-
system. The multi-system design works on international railways and has a capacity of 431 
seats per trainset. The single system design offers a slightly improved capacity of 441 seats per 
trainset. The second-generation ICE 3 trainset offers a further improvement with 458 seats per 
trainset. [46] The more recent “Velaro D” design offers 485 seats per trainset. These values 
should be considered only so far as to establish a range, as the interior design of the trainset 
may be changed to accommodate Northeast Corridor demographics. [47] 
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4.4.2.1 ICE 3 - Travel Time 
  
 In order to evaluate the travel time performance of the ICE 3 on the Northeast Corridor, 
the Velaro D has been chosen as a technical representative of the design alternative. 
 

This trainset, produced in 2008, offers a modular interior for quick and easy train car 
refitting. Additionally, the traction system and all technical modules are evenly distributed 
under the floor of the cars. This even distribution allows for lower individual axle loads as well 
as a smoother ride for passengers. Furthermore, this trainset has four independent traction 
converters, meaning the failure of one converter will not prevent the train from running, but 
will only reduce maximum traction by 25%. [47] 

In order to evaluate the performance of the Velaro Trainset on the Northeast Corridor, 
the following calculations have been provided. Using speed and acceleration measurements 
from a 2010 Georgia Tech study [48], the team derived a function for the average acceleration 
based on the available rail distance between stations. This is necessary because the Velaro 
trainset requires 5.4 minutes and 11 miles to accelerate to its top speed of 186 mph, but some 
rail segments are as short as 10 miles. For a simplified approach,the team assumed the trainset 
requires the same time and distance to decelerate as it does to accelerate. Using the function 
derived from the Georgia Tech study, the team calculated acceleration per segment length, and 
then calculated travel time per segment. The resulting travel time is approximately 101 minutes 
plus 14 minutes of at-station dwelling time. The total resulting in-vehicle travel time is 115 
minutes, or 1 hour 55 minutes. 
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5 - Capital and Operating Costs 

This section illustrates the methodology taken by the team to calculate the cost of the 
three design alternatives—High Speed Rail, Acela and Maglev. The cost study is based on 
various studies and documentations from the Department of Transportation, the California and 
Florida High Speed Rail project, master thesis and dissertations from variety of academic 
sources, and renowned companies such as Bechtel Corporation. 
 

Before the cost analysis development, it ought to be stated that The Northeast Corridor 
is different from other corridor in term of the preliminary work that is required before building 
a new roadbed or repairing the existing roadbed. The corridor infrastructure being more than 
century old and in degradation despair, the construction cost per mile is way beyond any cost 
estimate per mile as described below. In this study, the capital cost of different high-speed 
mode encompasses the infrastructure and costs associated with the rolling stock while the 
operating cost encompass the maintenance costs that are related to the overhauling of 
infrastructure. 
 

“The 1999 California High Speed Rail Business Plan estimated that the entire system 
would be built for $30.3 billion ($25 billion in 1999$). In 2005 that estimate was raised to 
$40.5 billion. By 2008, documents prepared for a meeting for potential investors indicated that 
the costs had risen to $45.4 billion.” [49] Similarly to the NEC, the capital cost to repair the 
corridor has been increasing over the past years thus difficult to pin point a realistic cost for 
our paper. Due to the nature of this, the team has conducted an independent study on the capital 
cost of the infrastructure.  First, when evaluating the High-speed rail and the Maglev cost, it 
was assumed an all new roadbed with new trainset. For the second option, Acela, the repair of 
the current roadbed with a new trainset was considered.  

 

5.1 Capital Cost  

  

Although these costs estimate have sources, in some cases where there is not empirical 
evidence to support a cost, contingencies are used. As result, this estimation has many 
contingencies that makes our team estimation follow the distribution of high-speed rail 
construction cost. The purpose of the detail cost estimate presented here is to enable a future 
work on this topic. Because studying the terrain was out of scope for this project, the cost 
calculations were based off of previously conducted research.  

  

5.1.1  High Speed Rail Cost  

  

5.1.1.1   Electrification, Signalization, Power substations  

  

The cost of electrification is found in the Fadi Emil Nassar dissertation [50]. The author 
had a detail cost of High-Speed Rail system Electrification per mile. These costs were 
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translated back into 2018 dollar. While the cost per mile is $2 million, this cost over 227 miles 
give a total of $518 million. The following table give the cost distribution of the electrification.  

  

Electrification Cost Per Mile for Two Tracks of a High-Speed Rail Systems (1993 Dollars) and 2018 Dollars 
Source: FDOT, 1993 

Item Description 
Material 
Quantity 

Material Unit 
Cost (1993 

Dollars) 

Material Unit 
Cost (2018 

Dollars) 
Material Total Cost 

Catenary Foundation  50  $        3,500.00   $         5,937.79   $          297,000.00  
Catenary Poles 50  $        4,000.00   $         6,786.05   $          340,000.00  
Catenary guy Assemblies 6  $        1,500.00   $         2,544.77   $            15,000.00  
Aerial Ground Wire 10560  $               2.00   $                3.39   $            36,000.00  
Signal Power Support 50  $           125.00   $            212.06   $            11,000.00  
Disconnect Switches 2  $        5,000.00   $         8,482.56   $            17,000.00  
Rail Return Bonds 2  $        7,500.00   $       12,723.84   $            25,000.00  
Catenary Wire System 10560  $             12.00   $              20.36   $          215,000.00  
Catenary Arm Support 50  $        1,200.00   $         2,035.81   $          102,000.00  
Section Insulators 2  $        5,000.00   $         8,482.56   $            17,000.00  
Balance Weight Assembly 2  $      10,000.00   $       16,965.12   $            34,000.00  
Bonding and Grounding 1  $      15,000.00   $       25,447.68   $            25,000.00  
Protective Barriers  2  $        7,500.00   $       12,723.84   $            25,000.00  
Warning/Safety Signs  1  $        4,000.00   $         6,786.05   $              7,000.00  
Miscellaneous 1  $      10,000.00   $       16,965.12   $            17,000.00  
Material Costs Total 1        $       1,183,000.00  

Labor Description Labor Quantity Labor Unit Cost Labor Unit Cost Labor Total Cost 

Catenary Construction 5000  $             24.00   $              40.72   $          204,000.00  
Subtotals         

Material Costs    $    697,090.00    1182000 
Material Overhead (15%)    $    104,564.00    178000 
Labor Costs    $    120,000.00    204000 
Labor Overhead (110%)    $    132,000.00    224000 
Truck & Miscellaneous    $      12,000.00    20000 
Contingencies (15%)    $    159,848.00    271000 
Total Cost per Mile    $ 1,225,502.00     $       2,283,000.00  
For Two track         $       2,283,000.00  
For One Track         $       1,141,500.00  

 

Table 1: Electrification Cost Per Mile for Two Tracks of a High-Speed Rail Systems (1993 Dollars) and 2018 Dollars Source: 
FDOT, 1993 

  
The same source gave the signalization, and the power substations cost. For HSR, 1 substation 
is needed at every 7 miles, and signal spacing of 30 miles. With these constraints, on the NEC, 
32 signalizations are needed. As result, $74 million is needed for power stations and $115 
million for signalling.  
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Power Substation Cost Per Mile (1993 & 2018 Dollars) 

Item Description                             
(1 Substation per 7 mi) 

Material 
Quantity 

Material Unit 
Cost 1993 

Material Unit     Cost 
2018 

Material Total 
Cost 

Site work 0.143  $    200,000.00   $           339,302.42   $       49,000.00  

Steel Structures 0.143  $    650,000.00   $        1,102,732.87   $     158,000.00  

Buildings 0.143  $    350,000.00   $           593,779.24   $       85,000.00  

High Voltage Dist.--230 KV 0.143  $    250,000.00   $           424,128.03   $       61,000.00  

High Voltage Dist.--6.9KV 0.143  $    650,000.00   $        1,102,732.87   $     158,000.00  

High Voltage Dist.--25KV 0.143  $      75,000.00   $           127,238.41   $       18,000.00  
High Voltage Dist. 
--600KV 0.143  $      50,000.00   $             84,825.61   $       12,000.00  

Control Equipment 0.143  $    200,000.00   $           339,302.42   $       49,000.00  

Transformer--230KV/25KV 0.286  $    400,000.00   $           678,604.84   $     194,000.00  

Circuit Breaker--230KV 0.286  $    250,000.00   $           424,128.03   $     121,000.00  

Switchgear--25KV 0.143  $    700,000.00   $        1,187,558.48   $     170,000.00  

Service & Distribution 0.143  $    250,000.00   $           424,128.03   $       61,000.00  

Lighting and HVAC 0.143  $      40,000.00   $             67,860.48   $       10,000.00  

Control Equipment 0.143  $    200,000.00   $           339,302.42   $       49,000.00  

Miscellaneous 0.143  $      15,000.00   $             25,447.68   $         4,000.00  

Material Costs Total 1  $ 1,199,000.00  

Labor Description 
Labor 

Quantity 
Labor Unit Cost   Labor Total Cost 

Substation Construction  $ 1,400.00   $             30.00   $                    50.90   $       71,000.00  

  

Subtotals         

Material Costs    $    704,990.00    1196000 

Material Overhead (15%)    $    105,749.00    179000 

Labor Costs    $      42,000.00    71000 

Labor Overhead (110%)    $      46,200.00    78000 

Truck & Miscellaneous    $        1,200.00    2000 

Contingencies (15%)    $    135,021.00    229000 
Total Substation Cost per Mile 
(Spacing = 7mi) 

  
 $ 1,035,160.00     $ 1,826,000.00  

Source: FDOT, 1993   

 

Table 2: Power Substation Cost Per Mile (1993 Dollars) 
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Signaling Cost Per Mile Per Track (1993 & 2018 Dollars) 

Item Description                        
(Signal Spacing =  30mi) 

Material 
Quantity 

Material Unit 
Cost 

Material Unit     
Cost 2018 

Material Total 
Cost 

Signal Interlocking 0.033  $    200,000.00   $           339,302.42   $       11,000.00  

Electric Lock Complete 0.033  $        5,000.00   $               8,482.56   $            280.00  

Switch Machine Powered 0.033  $      20,000.00   $             33,930.24   $         1,120.00  

Train Identification 1  $      30,000.00   $             50,895.36   $       51,000.00  

Impedance Bonds 1  $        5,000.00   $               8,482.56   $         8,000.00  

Signal Locations 1  $      40,000.00   $             67,860.48   $       68,000.00  

Code Test Location 0.033  $      35,750.00   $             60,650.31   $         2,000.00  

Communication & Control 1  $      12,000.00   $             20,358.15   $       20,000.00  

Signal Miscellaneous 1  $      10,000.00   $             16,965.12   $       17,000.00  

Cable (per mile) 1  $      25,027.00   $             42,458.61   $       42,000.00  

Cab Signal Power 0.033  $    973,334.00   $        1,651,272.92   $       55,000.00  

Signal Energy Source 0.033  $    121,212.00   $           205,637.63   $         7,000.00  

Cab Signal Control 0.033  $    206,061.00   $           349,584.98   $       12,000.00  

Control Center 0.033  $    303,000.00   $           514,043.17   $       17,000.00  

Material Cost Total 1    $     311,400.00  

  

Labor Description 
Labor 

Quantity 
Labor Unit Cost   

Labor Total 
Cost 

Signal Construction  $ 4,300.00   $             30.00   $                    50.90   $     219,000.00  

  

Subtotals         

Material Costs    $    183,551.00     $     311,400.00  

Material Overhead (15%)    $      27,533.00     $       47,000.00  

Labor Costs    $    129,000.00     $     219,000.00  

Labor Overhead (110%)    $    141,900.00     $     241,000.00  

Truck & Miscellaneous    $        1,500.00     $         2,500.00  

Contingencies (15%)    $      72,523.00     $     123,000.00  

Total Substation Cost per Mile 
(Spacing = 7mi) 

   $ 1,162,900.00  

Source: FDOT, 1993 Two Track  $ 2,325,800.00  

 
Table 3: Signaling Cost Per Mile Per Track (1993 & 2018 Dollars ) 

 

5.1.1.2   Grade Separations 
 
Referring to the same study, a list of costs depending on the desire structures are 

provides. For our estimation, the team has chosen the most expensive construction that an HSR 
could have. These are new overpass with walls for 4 lanes, and an elevated structure of triple 
track. This was the first decision that was made in calculating this cost. The second is to 
estimate how much length each of these should be. The team decided on roadway bridge 120 
miles ($1B), and railroad bridge 107 miles ($2.7B).  
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Unit Costs of Railroad and Roadway Bridges for the X-2000 Tilt Train 

ROAWAY BRIDGES 
COST PER UNIT           

(1993 dollars) 
COST PER UNIT 

(2018 Dollars) 

Lengthen overpass: 2 lanes  $                      644,000.00   $          1,092,553.80  
Lengthen overpass: 4 lanes  $                      978,000.00   $          1,659,188.84  
Lengthen overpass: 4 lanes divided  $                   1,211,000.00   $          2,054,476.17  
Embankment modification: 2 lanes  $                      259,000.00   $             439,396.64  
Embankment modification: 4 lanes  $                      313,000.00   $             531,008.29  
Embankment modification: 4 lanes divided  $                      367,000.00   $             622,619.94  
New overpass without walls: 2 lanes  $                   3,239,000.00   $          5,495,002.73  
New overpass without walls: 4 lanes  $                   4,136,000.00   $          7,016,774.09  
New overpass without walls: 6 - 8 lanes  $                   7,848,000.00   $        13,314,227.04  

New overpass with walls: 4 lanes  $                   6,343,000.00   $        10,760,976.32  

RAILROAD BRIDGES 
COST PER KM              
(1993 Dollars) 

COST PER KM 
(2018 Dollars) 

Trestle: wetland/single/cooper E60  $                   4,521,000.00   $          7,669,931.25  
Trestle: wetland/dual/cooper E80  $                   5,151,000.00   $          8,738,733.88  
Trestle: wetlands/single/cooper E60  $                   7,114,000.00   $        12,068,987.16  
Trestle: wetland/single/cooper E80  $                   9,000,000.00   $        15,268,609.00  
Elevated structure: 5m single/cooper E60  $                   7,114,000.00   $        12,068,987.16  
Elevated structure: 5m dual/cooper E60  $                 12,523,000.00   $        21,245,421.16  
Elevated structure: 7m single/cooper E60  $                   7,943,000.00   $        13,475,395.70  
Elevated structure: 7m single/cooper E80  $                   8,636,000.00   $        14,651,078.59  
Elevated structure: 7m dual/cooper E60  $                 12,857,000.00   $        21,812,056.21  
Elevated structure: 15m single/cooper E60  $                   9,053,000.00   $        15,358,524.14  
Elevated structure: 15m dual/cooper E80  $                 10,328,000.00   $        17,521,577.08  

Elevated structure: triple track  $                 15,248,000.00   $        25,868,416.66  

Source: Adapted from FHSRC, 1990 (The Cost highlighted—Yellow—is the one used) 

 
Table 4: Unit Costs of Railroad and Roadway Bridges for the X-2000 Tilt Train 
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5.1.1.3  Earthwork 
 

A cost of $2 million was attributed to the earthwork over one mile using the [50] study. 
This give a total cost of $454 million.  
  

5.1.1.4   Track and the Right of Way  
 

The cost estimation of the track was an exhaustive work, and it is shown in the below table. 
From a study conducted by the Iowa State University in 2011[51], the author has estimated the 
total cost of track depending on the terrain and the land cost whether the land is on urban or 
not urban or whether it is on the hill or mountain. The following table shows the team process 
on the track. In this cost, the right of way was estimated as well for just being a contingency 
on the track. This contingency is assumed to be 30% of the track.  
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Table 5: Track Design Cost  

 
 
 

Track 
Designed 
for Speed 

of:  

Terrain Percentage Miles Area Percentage Miles Track Cost 
(Million) 

Double Tack Cost 
(Million) 

Total Cost (2009 
Million) 

Total Cost 
(2018 

Million) 

220 mph  

Hills 30% 68 

Urban 50% 34  $         33.00   $         66.00  

 $     168.00  

 $     608.00  

Suburban 25% 17  $         27.00   $         54.00  

Rural 25% 17  $         24.00   $         48.00  

Mountains 20% 45 

Urban 25% 11  $         44.00   $         88.00  

 $     226.00  

Suburban 25% 11  $         37.00   $         74.00  

Rural 50% 23  $         32.00   $         64.00  

Plains 50% 114 

Urban 50% 57  $         25.00   $         50.00  

 $     126.00  

Suburban 30% 34  $         20.00   $         40.00  

Rural 20% 23  $         18.00   $         36.00  

Total 100% 227   227  $       260.00   $       520.00    
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5.1.1.5   Utility Relocation, Miscellaneous and Stations 

  

These are cost structure of the Capital Cost of the FHSRC Proposal Submitted to the 
State of Florida based on X-2000 Train. The costs are per mile and they are multiplied by 227 
miles. This is shown in the thesis, Operational and cost models for high-speed rail and maglev 
system, by F. E. Nassar. 

 

Capital Cost of the FHSR Proposal Submitted to the State of Florida based on X-2000 Train  
Category                 

(Route = 323 miles) Total (1990$)  Percentage Per Mile (1990$) Total Cost (2018$) 

Electrification  $       202,823,000.00  5.66%  $             628,000.00   $       385,436,000.00  
Signalization  $       203,065,000.00  5.67%  $             629,000.00   $       385,900,000.00  
Roadway Bridges  $       173,072,000.00  5%  $             536,000.00   $       328,900,000.00  
Railroad Bridges  $       494,889,000.00  13.80%  $          1,533,000.00   $       940,466,000.00  
Railroad Earthwork  $       332,135,000.00  9.26%  $          1,029,000.00   $       631,175,000.00  
Track  $       234,840,000.00  6.55%  $             727,000.00   $       446,280,000.00  
Right of Way  $       220,856,000.00  6.16%  $             684,000.00   $       419,705,000.00  
Utility Relocation  $         53,272,000.00  1.49%  $             165,000.00   $       101,236,000.00  
Miscellaneous   $       253,893,000.00  7.08%  $             786,000.00   $       482,487,000.00  
Stations  $       100,583,000.00  2.81%  $             312,000.00   $       191,144,000.00  
Fees  $       440,557,000.00  12.29%  $          1,365,000.00   $       837,215,000.00  
Design Contingency  $       567,357,000.00  15.83%  $          1,757,000.00   $    1,078,181,000.00  
System Contingency   $       306,660,000.00  8.56%  $             950,000.00   $       582,763,000.00  
Total   $    3,584,000,000.00  100%  $          8,135,000.00   $    6,810,888,000.00  

Source: FHSRC, 1990 
 
Table 6: Capital Cost of the FHSR Proposal Submitted to the State of Florida based on X-2000 Train 

 

5.1.1.6   Design, Fees, and System Contingency 
 
 In the Florida HSR proposal, as shown in above table, the team has used the percentage 
distribution instead of the cost per mile. The fees were 12%, design contingency 16% and 
system contingency 9%.  
  
5.1.1.7   Maintenance Facilities, and Control Centers.  
  

This study assumes the construction of new stations. Acela having 9 stations, the team 
estimated the cost of a station being $62 million and decided on 3 facilities which cost each 
$28 Million and 4 control centers that cost $8 million.  The unit’s costs were taken from the 
Operational and cost models for high-speed rail and maglev [50].  
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5.1.1.8   Special Structures: Elevated Structures, Retaining Wall, and Special Bridges and 
Tunnels on the NEC  
  

From the 2013 NECC [52], there are four main bridges and one tunnels that are critical 
to build. Trusting the commission cost, the 2013 cost for those special projects were evaluated 
at $ 9 billion and translating this cost into 2018, it is about $10 billion. Putting extra layer of 
caution in these cost estimate, another $4 billion was allocated for elevated structures.  
  
5.1.1.9   Trains / Rolling Stock  
  

From California study [53], $44 million was estimated for the fleet size in 2003 dollar. 
This cost is $60 million in 2018-dollar amount which the team has used.  
  
5.1.1.10   Overall Contingency 
  

After all of the above costs were summed up, a 10% contingency was added which 
brings the total capital cost of the new HSR at $37 billion.  
  
5.1.1.11 Summary 
  

The NEC commission and other studies have suggested a capital cost of HSR on the 
NEC with a new road bed between $40 - $50 billion dollars. These studies do not show the 
assumptions and the cost structure approach that was taken in calculating this cost. For such, 
the approach taken here give a certainty of building a new HSR on a new roadbed with $37.  
  
The below table is the summative cost of HSR. 
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Table 7: HSR Capital Cost Summary 

Category (FHSRC, 1990)  PER MILE (2018$)  Notes  Total Cost in 2018 Dollars  

227       
Electrification  $                     2,283,000     $                           518,241,000  
Signalization  $                     2,326,000  32 Signalization at each 7 miles  $                             74,432,000  
Powersubstation  $                     3,600,000  32 Signalization at each 7 miles  $                           115,200,000  
Grade Separation Roadway Bridges  $                   11,000,000  120 miles   $                        1,320,000,000  
Grade Separation Railroad Bridges  $                   26,000,000  107 miles  $                        2,782,000,000  
Railroad Earthwork  $                     2,000,000     $                           454,000,000  

Track  See Track Cost Distribution     $                           608,000,000  

Right of Way (40ft -50ft) Contingency (30% of Track Cost) 
 

Used the track cost with this contingency in event that 
the California cost are higher than the NEC 

 $                           182,400,000  

Utility Relocation  $                        315,000     $                             71,505,000  
Miscellaneous   $                     1,500,000     $                           340,500,000  
Stations   $                        530,000     $                           120,310,000  

   Total 1   $              6,587,000,000  
  

Design Contingencies and Fees       
Fees   12%  $                           790,440,000  
Design Contingency   16%  $                        1,053,920,000  
System Contingency    9%  $                           592,830,000  

   Total 2   $           9,024,000,000  
  

Major Maintenance Facilities 9 Facilities (Acela Stations)  $                                           62,200,000   $                           559,800,000  

Satellite facility 3 Facility (PA)  $                                           28,000,000   $                             84,000,000  
Central Control Facilities 4 Facilities (DC & NY)  $                                             8,300,000   $                             33,200,000  

  Total 3  $              677,000,000  
  

Special Structure       
Elevated Structure 107 miles  $                                           35,000,000   $                        3,745,000,000  
Retaining wall  120 miles  $                                             6,000,000   $                           720,000,000  

Special Bridges and Tunnels on the NEC      $                      10,000,000,000  
Total 4   Total 4  $         14,465,000,000  

  

Trains / Rolling Stock with Contingency 50 trains of 400 seats  $                                           60,000,000   $                        3,000,000,000  

  Total 5  $           3,000,000,000  
        

All Costs  Total 6  $         33,752,000,000  
Program Implementation Costs and Contingencies on the Total cost and 

Procurement   10%  $                        3,375,200,000  

 
TOTAL (Capital Cost of 37 Billion on 227 miles)  $         37,127,000,000  
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5.1.2   Acela 

 
“The limiting factor is stated to be the overhead catenary support system which was 

constructed prior to 1935 and lacks the constant-tension features of the new catenary east of 
New Haven, although in the late 1960s the Pennsylvania Railroad did run Metroliner test trains 
as fast as 164 mph and briefly intended to run the Metroliner service at speeds reaching 150 
mph. The Acela Express project involved a series of improvements to existing stations, 
including major railheads in New York, Wilmington and Baltimore, with a new station, Route 
128, built outside Boston, which is lower in cost compared with building the dedicated tracks 
and stations. Since the Acela shared the tracks with freight and slower passenger trains, though 
the Acela Express trainsets are capable of 165 mph operation, the FRA regulations do not 
permit any speeds above 150 mph on shared tracks.  

 
Even if money was available, the process of building a new right-of-way through the most 

populated region of US would require acquisition of billions of dollars. Consequently, the 
Acela Express would have to be able to operate over 19th century alignment that couldn’t 
support the dedicated tracks. Nonetheless, the tracks, signaling system and power supply has 
to be upgraded and well maintained (Black, 2005).”  
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Project # Project Name Projected Cost (Millions) 

1 Washington Union Station Improvements 315 

2 
Train Storage and Service Facilities at Washington 
Union Station 550 

3 Hanson to Grove Interlocking Fourth Track 400 

4 
BWI Marshall Airport Station Improvements and Fourth 
Track 650 

5 Baltimore & Potomac Tunnels 1500 
Washington to Baltimore Sum: 3415 

6 Gunpowder River Bridge Replacement 550 
7 Bush River Bridge Replacement 400 
8 Susquehanna River Bridge Replacement 850 

9 
Wilmington Third Track & New Brandywine River 
Bridge 100 

10 Bellevue Flyover 200 

11 Philadelphia Interlocking Flyover ("Zoo interlocking") 150 
Baltimore to Philadelphia sum: 2250 

12 Trenton Capacity Improvements 350 
13 North Brunswick Loop ("Midline Loop") 200 
14 Elizabeth-Area Section Improvements 600 
15 Hunter Flyover 150 

Philadelphia to Newark sum: 1300 
16 Highline Bridge Replacement 350 

16 Newark to New York Fourth Track ("Sawtooth bridge") 1200 
17 Portal Bridge North 720 
17 Portal Bridge South 750 
18 Hudson River Tunnels 7200 
19 Moynihan Station Phase Two 1000 
19 Penn Station Capacity Expansion 3000 

Newark to New York City sum: 14220 
      
  Sum of All Work (Million--$2013 Dollars)  $                21,185.00  
  Sum of All Work (Million--$2018 Dollars)                    23,000.00  
  Acela Fleet (Million)   $                  2,500.00  
     $                25,500.00  

 
Table 8: Acela Capital Cost Summary  



Page | 55  
 

 
In their publication of Critical Infrastructure Needs on the NEC of January 20113, the 

NEC Commission has elaborated an extensive list of critical infrastructure repair that needs to 
be done in order to operate a true high-speed train on the corridor. These costs were tabulated, 
and it resulted in a total of $23 billion in 2018 dollars amount. Additionally, a $2.5 billion 
investment was made through loan from the FRA to acquirer new fleets. This bring a total of 
$25 billion that is needed to operate a high-speed rail.  
  

Amtrak has presented another alternative of building a new HSR roadbed different from 
the current one. Their estimation on that front was about $50 Billion. Not knowing the cost 
distribution of the new roadbed cost, the design team proceeded in the calculation of a new 
HSR cost. This resulted in a lower cost compare to the one suggested by Amtrak.  
 

  

5.1.3   Maglev  
Unlike HSR, Maglev cost estimate are based on theoretical approach. The cost for the NEC 
was based on California project. 
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Table 9: Maglev Capital Cost Items of the California - Nevada System  

 

Table: Maglev Capital Cost Items of the California - Nevada System  

DESCRIPTION (227 miles of 
double track) UNIT UNIT COST                                            

($ Million) 
QUANTITY 

TOTAL                                                   
($ Million in 2018) 

A. Double Track Guideway & 
Stations         

1. Elevated Guideway mile  $                                        17.468  120  $               2,096.17  

2. Near Grade Guideway mile  $                                        12.588  107  $               1,346.91  

3. Excavation & Backfill M.C.Y.  $                                        17.103  13  $                  222.34  

4. Crossing at Overpasses each  $                                          1.121  69  $                    77.36  

5. Switches: 2 way each  $                                          2.299  31  $                    71.28  

3 way each  $                                          3.991  7  $                    27.94  

6. Elevated Structure mile  $                                        35.000  227  $               7,945.00  

8. Design Contingency percent 16% 16%    $               2,000.00  

9. System Contingency  percent 8% 8%    $                  943.00  
SUBTOTAL A mile   227  $             14,730.00  

B. Power Supply         

7. Long Stator mile  $                                          4.821  227  $               1,094.41  

8. Power Supply substation  $                                        23.363  19  $                  443.90  

(20 kV and 115 kV) MVA  $                                          0.342  1152  $                  394.06  

9. Substation Construction substation  $                                          3.345  19  $                    63.55  

10. Motor Switches         

Substations substation  $                                          1.121  19  $                    21.30  

Double Track module  $                                          0.766  213  $                  163.12  

Power Stations module  $                                          0.272  30  $                      8.15  

11. Power Line Feeders mile  $                                          1.454  227  $                  330.01  

SUBTOTAL B mile   227  $               2,518.50  

C. Signals & Communication         

12. Mobile Transmissions mile  $                                          0.249  227  $                    56.51  

13. Wayside Equipment subsets.  $                                        10.623  18  $                  191.21  

14. Stationary Transmissions mile  $                                          0.099  227  $                    22.43  

15. Way Element Switches module  $                                          0.587  22  $                    12.92  

16. Control Center each  $                                        35.537  1  $                    35.54  

SUBTOTAL C mile    227  $                  318.61  
D. 17. Offices & Maintenance 
Centers lump sum  $                                      169.000  1  $                  169.00  
E. 18. Design & Constr. 
Management percent  $                                        22.804  1  $                    22.80  

F. 19. Vehicle section  $                                          8.951  100  $                  895.07  

SUBTOTAL D        $               1,086.87  

TOTAL COST ESTIMATE mile   227  $             18,653.99  
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Table 10: Cost Structure of a Maglev Guideway Per Mile  

 
 
 
 
 
 
 
 

Table: Cost Structure of a Maglev Guideway Per Mile  

Description Units  Quantity Unit Cost  Total ($1992) Total ($2018) 

Clearing and Grubbing ACRE 3.00  $   5,900.00   $        17,700.00   $           31,397.14  

Earth Excavation (1500' haul) C.Y. 97500.00  $          7.32   $      713,700.00   $      1,265,996.38  

Rock Excavation (haul 20 mi) C.Y. 32500.00  $        34.00   $   1,105,000.00   $      1,960,103.69  

Footings          

Structural Excavation C.Y. 3300.00  $        10.50   $        34,650.00   $           61,463.88  

Form & Poor Concrete Footing C.Y. 980.00  $      230.00   $      225,400.00   $         399,825.68  

Install Piles (HP 14x89) L.F. 20400.00  $        36.00   $      734,400.00   $      1,302,715.07  

Form & Poor Concrete Caps C.Y. 340.00  $      234.00   $        79,560.00   $         141,127.47  

Compacted Fill C.Y. 1980.00  $          8.00   $        15,840.00   $           28,097.78  

Columns Form & Pour Concrete C.Y. 2560.00  $      600.00   $   1,536,000.00   $      2,724,632.82  

Bearings COL 66.00  $   7,600.00   $      501,600.00   $         889,762.91  

Prestresses Concrete Guideway          

Fabricate PC PS. Guideway L.F. 10560.00  $      415.00   $   4,382,400.00   $      7,773,718.02  

Deliver and Erect Guideway L.F. 10560.00  $        41.00   $      432,960.00   $         768,005.88  

Jack and Shim for Alignment   10560.00  $          9.00   $        95,040.00   $         168,586.66  

Factory Installed Glie Steel Pads   10560.00  $        70.00   $      739,200.00   $      1,311,229.55  

Vertical Guiding Steel Plates   10560.00  $      204.00   $   2,154,240.00   $      3,821,297.53  

Long Stator Iron Core & Hangers   10560.00  $      220.00   $   2,323,200.00   $      4,121,007.14  

Final Test & Calibrate Guideway DAYS 10.00  $   2,200.00   $        22,000.00   $           39,024.69  

Access Road 22' Wide          

Aggregate Base 6" Thick C.Y. 2150.00  $        15.00   $        32,250.00   $           57,206.65  

Binder Course 4" Thick S.Y. 12900.00  $          8.00   $      103,200.00   $         183,061.27  

Wearing Course 4" Thick S.Y. 12900.00  $          8.00   $      103,200.00   $         183,061.27  

Galvanized 6' Chain Link Fence L.F. 2112.00  $        15.50   $        32,736.00   $           58,068.74  

Columns Protection P.C Concrete EACH 7.00  $   2,460.00   $        17,220.00   $           30,545.69  

Ditch Along Guideway L.F. 5280.00  $          4.00   $        21,120.00   $           37,463.70  

Dewatering & Cofferdam L.S. 1.00  $ 50,000.00   $        50,000.00   $           88,692.47  

Vegetation Control L.F. 5280.00  $          2.00   $        10,560.00   $           18,731.85  

Surveying Cost M.D. 60.00  $      300.00   $        18,000.00   $           31,929.29  

Maintenance & Protection of Traffic % 1.00    $      155,012.00   $         274,967.96  

Mobilization / Demolisation  % 8.00    $   1,252,495.00   $      2,221,737.62  

Total Estimate Cost per mile  $                                                                   16,908,683.00         30,000,000.00  

Source: Harrison, 1992      
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Table 11: Maglev Capital Cost Items of the California - Nevada System Communication  

 

Table: Maglev Capital Cost Items of the California - Nevada System Communication  

DESCRIPTION                                   
(264 miles of double 

track) 
UNIT UNIT COST       

($ Million) 
QUANTITY 

TOTAL                            
($ Million in 

1990) 

TOTAL                             
($ Million in 2018) 

A. Double Track 
Guideway & Stations           

1. Elevated Guideway mile  $          9.192  126  $         1,158.19   $           2,200.97  
2. Near Grade 

Guideway mile  $          6.624  138  $            914.11   $                        1,737.13  
3. Excavation & 

Backfill M.C.Y.  $          9.000  13  $            117.23   $                           222.78  
4. Crossing at 

Overpasses each  $          0.590  69  $              40.71   $                             77.36  
5. Switches: 2 way each  $          1.210  31  $              37.51   $                             71.28  

3 way each  $          2.100  7  $              14.70   $                             27.94  
6. Land & Stations lump sum      $            100.00   $                           190.04  

SUBTOTAL A mile  $          9.024  264  $         2,382.30   $                        4,527.22  
B. Power Supply           

7. Long Stator mile  $          2.537  264  $            669.77   $                        1,272.80  
8. Power Supply substation  $        12.294  19  $            233.59   $                           443.90  

(20 kV and 115 kV) MVA  $          0.180  1152  $            207.36   $                           394.06  
9. Substation 

Construction substation  $          1.760  19  $              33.44   $                             63.55  
10. Motor Switches           

Substations substation  $          0.590  19  $              11.21   $                             21.30  
Double Track module  $          0.403  213  $              85.84   $                           163.13  
Power Stations module  $          0.143  30  $                4.29   $                               8.15  

11. Power Line Feeders mile  $          0.765  264  $            201.96   $                           383.80  

SUBTOTAL B mile  $          5.485  264  $         1,448.00   $                        2,751.72  
C. Signals & 
Communication           

12. Mobile 
Transmissions mile  $          0.131  264  $              34.58   $                             65.71  

13. Wayside Equipment subst.sec.  $          5.590  18  $            100.62   $                           191.21  
14. Stationary 

Transmissions mile  $          0.052  264  $              13.73   $                             26.09  
15. Way Element 

Switches module  $          0.309  22  $                6.80   $                             12.92  
16. Control Center each  $        18.700  1  $              18.70   $                             35.54  

SUBTOTAL C mile   $          0.661  264  $            174.40   $                           331.42  
D. 17. Offices & 
Maintenance Centers lump sum      $              54.20   $                           103.00  
E. 18. Design & Constr. 
Management percent  $        12.000     $            487.00   $                           925.47  
F. 19. Vehicle section  $          4.710  120  $            565.20   $                        1,074.08  

TOTAL COST 
ESTIMATE mile  $        19.360  264  $         5,111.00   $                        9,712.72  

Source: Bechtel 
Corporation, 1990         10,000,000,000 
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Category PER MILE (2018$) Notes  Total Cost in 2018 Dollars  

227       

Signals & Communication  $                               1,403,577     $                          318,611,885  

Power Supply   $                             11,094,714     $                       2,518,500,000  
Double Track Guideway & 
Stations  $                             64,889,868     $                     14,730,000,000  

Design and Maintenance   $                               4,787,983     $                       1,086,872,233  

Miscellaneous   $                               1,500,000     $                          340,500,000  

Total 1      $        18,994,000,000  

  

Special Structure       

Elevated Structure 227 miles  $                                 35,000,000   $                       7,945,000,000  

Retaining Walls 227 miles  $                                   6,000,000   $                       1,362,000,000  
Bridges and Tunnels on 

the NEC      $                     10,000,000,000  

Total 4      $        19,307,000,000  

  

Major Maintenance Facilities 9 Facilities (DC & NY)  $                                62,200,000   $                          559,800,000  

Satellite facility 3 Facility (PA)  $                                 28,000,000   $                            84,000,000  

Central Control Facilities 4 Facilities (DC & NY)  $                                 35,540,000   $                          142,160,000  

Facilities Contingencies   20%  $                          157,192,000  

Total 2    $             943,000,000  

  

MAGLEV Trains  50 trains of 400 seats  $                                 44,210,857   $                       2,210,542,846  

Train Contingencies with 
Parts   20%  $                          442,108,569  

Total 4    $          2,653,000,000  

        

Total Gen.      $        41,897,000,000  

Preliminary Design   5%  $          2,095,000,000  

Final Design   10%  $          4,190,000,000  

Construction Management   8%  $          3,352,000,000  

Contingencies   30%  $        12,569,000,000  

  

TOTAL (Capital Cost of 64 Billion Dollars on 227 miles)  $        64,103,000,000  



Page | 60  
 

 
Table 12: Total Summary Maglev  

 
 

5.2 Operating Cost  
 
  There is no country in the world that operates a passenger rail system without some 
form of public support for capital costs and/or operating expenses. [54] 
Since the operating cost of high-speed rail is not uniformly distributed across rail lines, it is 
hard to extrapolate the operation costs of different high-speed ground transportation options. 
High-speed rail being wheel-on-rail system, it has a higher operating cost while Maglev system 
is lower.  
  

To calculate, the operating cost of the New Acela system and the High-speed rail 
system, the maintenance unit cost estimates were primarily based on the California HSR 
operation cost and the International HSR data. This project considered the operating cost of 
both HSR and Acela are the same.  
  
  

Operating Cost Component 

Operating Cost Component Units Average Cost Distance  Costs 

Sales and administration  passengers      $          36,000,000.00  

Train operations  
trainset-

hour       

Stations    $         4,684,966.23  4  $          18,739,864.92  

Driving & Operation/Safety on lines 
train-hour 

 $         1,142,674.69  227  $        259,387,154.66  

Insurance fixed  $       28,566,867.25     $          28,566,867.25  

Energy         

Energy on lines trainset-km  $                      2.86  20000000.00  $          57,133,734.51  

Maintenance of way trainset-km       

Electric traction   0.217108191 20000000.00  $           4,342,163.82  

Others MOW costs trainset-km  $            228,534.94  227  $          51,877,430.93  

Maintenance of equipment trainset-km      $          80,000,000.00  

Trainset Maintenance     $       35,000,000.00     $          35,000,000.00  

Contingency fixed      $          36,000,000.00  

Operating Cost of $570 Million per Year     $     571,047,216.10  
  

Table 13: Cost Estimate based on California Nevada Project [55] 

 
The operating cost of Maglev is difficult to estimate since there is not many empirical evidences 

supporting the breakdown of the Maglev operation. This paper also fall-short in providing this 
information. The consensus among the scholars read on this paper, Maglev has a lower operating cost 
than wheel-on-rail train. 
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In the paper “The Maglev Project Evaluation method: Based on Stochastic Life Cycle Cost 
Approach’, the author Hyunchul Choi, simulated the annual total cost from operation and maintenance 
cost of a Maglev system which is shown below [56].   

  

Annual Maglev operation and maintenance data 
from the model 

USD 827,760 

Annual Maglev operation data from the model USD 300,420 

Maglev maintenance data from the model USD 527,147 

Observed annual Maglev maintenance data USD 503,283 

  Table 14: annual total cost of maglev system 
 
Simulating the operation cost of Maglev, being outside our scope, this paper is using 20% less 

operating cost of HSR to estimate this annual operating cost of Maglev. Doing this give an operating 
cost of Maglev at $460 million a year.  
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5.3 Economic Analysis (Break-Even Point) 
  

  
The purpose of this section is to evaluate when each of the design alternative being 

considered will break-even. As mentioned in the previous sections, the summary of the cost 
involved in building each of the design alternative is shown in Figure 1.   

  

 
  
Figure 1: Capital and Operating Cost of Design Alternatives  

  
The economic reality is that most of the financing of the private sector is oriented 

toward industrial projects with only a small part to transport projects rail projects. The primary 
reason for this is the high cost of rail and transport projects. These projects take about 3 to 7 
years to finish construction and it has a very low expected revenues stream. [57] 
  

The Figure 2 shows the difference between an industrial project versus a railway 
project. it is clear from the figure that an industrial project can reach a positive cash flow within 
5 -6 years from the beginning of operation while the railway project will not reach that point 
only after 15 – 20 years from the beginning of financing, a long period for bankers and 
entrepreneurs. 
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Figure 2: Cash Flow of a Railway and of an Industrial Project [57] 
 

Considering the unattractiveness of rail projects, the aim is to calculate which of our 
alternatives offers a reasonable break-even under the same parameters. The economic analysis 
of this project will involve calculating on a first-degree level the break-even point of the 
system, the point at which the system starts generating cash flow, while incorporating the 
operating and capital cost of each design alternatives. For simplicity, variable such as the 
operating cost, capital cost, the interest, the annual ridership, and the round-trip cost were all 
assumed to be fixed.   

 
With these inputs, the life-cycle of the railroad project is defined as 50 years with the 

construction period to take up to 5 years. Using the present value formula, the future costs were 
converted into today’s money and payment regression was used in MATLAB to calculate the 
break-even point all the systems considered.  

  
The annual operation and maintenance cost for 50 years will be calculated by using the 

average inflation rate of 4% used in the California High-speed Rail project. A discounted rate 
was used so the capital and operating cost are occurred in different time period. Therefore, for 
the accurate evaluation, the costs which are occurred during the life cycle should be converted 
in terms of the present value. Also, in this research, there is the capital cost. the present value 
formulation is developed as following:  
  

                                          
                                 

Figure 3: Present Value Principle  
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PV = %& ×
1

(1 + +)&
+	%-

1

(1 + +)-
+ ⋯+ %/ 	×	

1

(1 + +)/
 

 
  
Where:  
PV  = Present Value 
d  = Discount Rate  
  
 
The Equivalent Annual Cost in the other hand is calculated from this formula: 
  
 

0%1 =
234

%/,6
, %/,6		 = 	

1 − (1 + 8)9/

8
 

 
Where: 
EAC  = Equivalent Annual Cost of the System  
NPV = Net Present Value of the System  
An,i   = Annual Factor with I, n 
i  = Discount rate for the System  
n  = number of periodical cycles  
  
 
The Equal-Payment series capital-recovery is also calculated given P, the Present capital 
amount,  

% = 3 :
8(1 + 8)/

(1 + 8)/ − 1
;	 

 
Where: 
A  = Annual Payment = Equal-payment series capital-recovery  
i = interest rate (annual) 
n  = number of periods (years)  
  
 
The BreakEven.m file was used to calculate the aforementioned formulas. 
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Input 
Output (Break-Even) in Years 

Acela HSR Maglev 
Interest = 4% 
Ridership = 18 Million 
Round Trip = $200 

11 18 44 

Interest = 4% 
Ridership = 12 Million 
Round Trip = $200 

21 43 None 

Interest = 5% 
Ridership = 18 Million 
Round Trip = $200 

11 20 None 

Interest = 5% 
Ridership = 12 Million 
Round Trip = $200 

24 None None 

Interest = 3% 
Ridership = 18 Million 
Round Trip = $200 

10 16 32 

Interest = 3% 
Ridership = 12 Million 
Round Trip = $200 

18 32 None 

 
Table 1: Break-even Sensitivity  

  
The following graphs shows the results of the break-even points if: Interest is 4%,  
Ridership equal 18 Million and Round Trip is at $200 
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Figure 3: Acela Design Alternative Break-even 

 

 
  

Figure 4: High-Speed Rail Design Alternative Break-even  
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Figure 5: Maglev Design Alternative Break-even 

  
  
  

With the above analysis, Acela clearly shows a more reasonable break-even with high 
interest rate (5%) and low ridership (12 million) of 24 years while the other two modes being 
considered never reached a break-even during the system life-cycle. And with interest rate of 
5% , 4% and 3%, Acela can reach a break even within 10 to 11 years. 
  
 
 
 
 
 
   



Page | 68  
 

6 - Utility Analysis 
6.1 Utility Function Methodology  

  
The previous chapters (Sections) described the differences between the design 

alternatives under consideration in relationship to their technical capability, environmental 
impact and cost. In this section (chapter) the NEC commission has given two proposals that 
will lead to running a high-speed rail on the NEC. These two alternatives involve the cost of 
implementing them as seen in previous sections (Acela and HSR). In our utility methodology, 
these two proposals are of distinct categories. The first proposal from Acela is to repair the 
critical infrastructure of the NEC and start putting new Avelia Liberty trainset on the actual 
road bed. The second however is to build a new road bed on a new alignment. The costs 
involved in the latter proposal have been inflated every year and there is no particular study 
that has been done to elaborate meticulously on the actual cost of this mega project. In 
consideration of these two proposals, the team work was based on evaluating the first 
proposal as it being proposed by the NEC Commission (Acela) and do an independent study 
based on cost vs. utility for the second proposal which will be simply call in this utility HSR.  

  
The main purpose of this sections (chapter) is to evaluate the performance of Acela 

(current Acela roadbed) using Avelia Liberty trainset built by French Alstom, HSR (new 
roadbed on the NEC) using ICE3 and the Transrapid system (EMS Maglev) both built by 
Siemens, against the utility shown in Table 1. The evaluation and comparison of these trains 
are based on the manufacture published documents, research done by variety of authors and 
the input from this current project sponsor. Although, Maglev trains have different type of 
travel speed ranging from 300 – 450 km/h (186 – 280 mph), only Maglev with a speed of 450 
km/h (280 mph) will be considered. The team on this project considers that choosing a 
Maglev system with the same speed as that of HSR and Avelia Liberty will not be a fair 
comparison in term of travel speed utility.  

  
This utility function considers 7 categories that are evaluated based on 27 

characteristics as shown in below Table 1. 
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Technical 
Aspects 

Technical 
Readiness Environmental Impact Operation Safety Economic 

Aspects Passenger 

Braking 
Performance  
 
Train 
Weight  
 
Wear and 
Degradation 
 
Travel 
Speed 
 

 
 
System 
Readiness  
 
System 
Maturity 

Energy Consumption 
 
Land Consumption 
 
Noise Emissions 
 
Interference with 
Natural Environment 
 
Pollutant Emissions 
Electromagnetics,  
 
Magnetics, Electric 
Fields  

Capacity 
 
Reliability 
 
Integration with 
Existing 
Transportation 
Infrastructure  
 
Dwell Time at 
Stations  
 
Flexibility in 
Operations  

Risk of 
Derailment 
 
Risk of Collisions 
with other Trains  
 
Safety Case of 
Natural Disaster 
 
Perceived Level of 
Safety by User 
  
Evacuation of 
Trains 

Ability to Use 
Existing 
Track  
 
Chances of 
Acquiring 
Grants 

Travel Time  
 
Arrival 
Frequency  
 
Comfort  
 

 
Table 1: Utility Categories and Characteristics 

 
 Based on stakeholders and sponsors of this project consideration, the 7 categories and 

the 27 characteristics were identified. To measure and rate these categories, a survey study 
done at Georgia Tech University was used to evaluate each category. The Georgia Tech study 
by Dominik Ziemke’s, was the primary foundation to our work in developing the evaluation 
weighting factors. This is because, the author has conducted an extensive survey with variety 
of organizations[1]concerned with high-speed rails such as associations and agencies, 
engineering and consulting firms, and national agencies (See Appendix for the List of Agencies 
and survey questionnaires). Finally, the utility is calculated using a multi-criteria decision-
making approach where the weighting factors are then combined with the benefit values. The 
benefit value[2]is a subjective rating tool from a scale of 1 (minimum benefit value = poor 
performance) to 5 (maximum benefit value = very good performance) that are assigned based 
on each system performance against each category. The process of this evaluation methodology 
is best represented in figure 1.  

For each of the characteristics, the resulting benefit values are then used to develop a 
weighting factor for each of the 27 characteristics.  
  
 

 
[1]See Appendix for the List of Agencies and survey questionnaires 
[2]In this benefit value evaluation, in cases where the system comparison is the same or similar 
for both HSR and Avelia, the term wheel-on-rail high-speed trains will be used.  
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Figure 1: Evaluation Methodology [58] 

The last part after each system comparison, is to do a quantitative evaluation of the 
category. This quantitative evaluation follows the following process.  

For the determination of the utility values of each HSGT (High-Speed Ground 
Transportation) system for each of the 7 categories, the benefit values for each of the 27 
characteristics had to be normalized. The normalized benefit values, bi,j, for each characteristic 
i for HSGT system j were calculated according to the following formula:  
 

<6,= =
>6,=

>?@A
 

 
Where: Bi,j = benefit value for the i-th characteristic for the j-th HSGT system 
Bmax  = maximum benefit value  
 

To develop the weighting factors (i.e. the values of relative importance), the values of 
importance of each of the 58 characteristics that were drawn from the survey (cf. Appendix 
A.2 “Survey”) were also normalized. The weighting factors ��� (i.e. the relative importance) 
for characteristic i for HSGT system j were calculated according to the following formula:  

B6 =
C6

∑ C6
/
6E&

 

 
Where: Ii= importance value for the i-th characteristic, drawn from the survey  
 

∑n
i=1 Ii =   sum of all importance values in the respective category 
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Based on the weighting factor wi and the normalized benefit value bi,j, the utility of HSGT 
system j in each category of characteristics was calculated according to the following formula:  
 

F=	 =∑ B6
/
6E& ∗ 	H6,= 

 
Where:   
wi = weighting factor of characteristic i 
ri,j = normalized benefit value of characteristic i for HSGT system j 
 

6.2    System Comparison - Technical Aspects 
6.2.1 Braking Performance  

The braking performance is the stopping ability of the train under certain conditions 
and this is differed for wheel-on-rail high-speed trains (HSR and Avelia) and Maglev.  

The Maglev, braking system is not dependent on external conditions such as temperature 
and precipitation. “It is solely limited by the maximum level acceptable related to passenger 
comfort. Because the Transrapid Maglev has a significantly lower weight than wheel-on-rail 
trains, it can reach higher braking rates with only its regenerative brake than wheel-on-rail 
trains can with all their braking systems being applied simultaneously. In order to slow down 
Maglev, the phase angle of the travelling magnetic field has to be shifted. This causes that the 
traction motor to become a generator. Just like the regenerative brake of wheel-on-rail high-
speed trains, this slows down the Maglev and feeds back its energy into the power supply 
system as electrical energy. For cases of emergency, e.g. power outages, the Transrapid Maglev 
possesses an eddy-current brake that enables the Maglev to reach the next station or auxiliary 
stopping area”[58]. The Maglev train braking performance is compiled in the table below for 
different type of speeds.  

 Transrapid Maglev 

Speed Range Time [s] Distance [m] Avg. Acceleration 
[m/s2] 

150 – 0 km/h 44 930 0.96 

200 – 0 km/h 58 1,576 0.94 

300 – 0 km/h 87 3,600 0.95 

\400 – 0 km/h 117 6,725 0.98 

500 – 0 km/h 147 10,475 0.97 

 
Table2: Maglev System Braking Performance [58] 

The wheel-on-rail high-speed rail (HSR and Avelia) have up to “three different braking 
systems. A regenerative brake converts kinetic energy into electrical energy and thereby slows 
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down the trains and feeds energy back into the power system. A mechanical brake takes effect 
directly on the wheel-rail interaction and thus slows down the train at the expense of 
mechanical wear. An eddy-current brake is additionally applied when highest braking rates are 
necessary [58]”. A study done by Piers Connor [59], shows a realistic approach to the braking 
rates of wheel-on-Rail that vary with speed as follows: 
360 – 300 km/h (224 – 186 mph)       : 0.49 m/s2 

300 – 230 km/h (186 – 143 mph)       : 0.52 m/s2 

230 – 0 km/h ( 143 – 0 mph)              : 0.60 m/s2 

 

 
Figure 2: Simple diagram demonstrating the principle of the straight-line braking curve.  

The approach to the stopping point is characterised by a reduction of brake effort for 
positioning and comfort purposes. [59] 
 

The empirical evidence of this is shown in the plotting of Chinese high-speed rail that 
run from Tianjin to Beijing. The data observed from this operation and documented in the 
Appendix section, shows an average deceleration of 0.4 m/s2 [59]. According to Connor, “At 
any speed over 100km/h (and often at lower speeds), the driver must commence braking for a 
stop at a point from where the final stopping location is not visible. If lineside or cab indications 
of the braking commencement points are not provided, the driver has to learn them during 
training. The braking commencement points will usually be conservative, with allowances for 
variations in weather and visibility conditions, individual train performance and individual 
driver performance. Another point to consider for train braking is the need to reduce the rate at 
the lower end of the speed range (Figure 2), in order to allow for accurate positioning and to 
create a comfortable station stop for passengers, many of whom could be on their feet preparing 
to alight” [59]. This is will be further developed in System capacity.  

 
In sum, the Transrapid Maglev trains can achieve twice as high braking rates since it is 

remotely controlled and automated. As for the wheel-on-rail high-speed trains, taking into 
account the physical, the comfort-related limitations, the human factor aspect and weather 
conditions, the wheel-on-rail high-speed trains demand more effort to a perfect braking rate. 
See the Appendix 1.  
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6.2.2 Train Weight  
  
Due to Federal Railway Administration (FRA) requirements, trains in the USA are heavier 

than trains in Europe. FRA safety standards led to the Acela being twice as heavy as the French 
TGV trains [60]. Since these requirements poses problem to manufacturers, the FRA is revising 
those requirements now, so that the Avelia Liberty will weigh about 30% percent less than the 
actual Acela trains [61]. A lower train weight reduces the cost associated with operation, 
construction, wear and material consumption.  The fact that the Transrapid Maglev have a 
lower weight is because its propulsion system is mounted on the guideway while the wheel-
on-rail high-speed train propulsion system is mounted on board of the vehicle. “Due to the 
wider clearance envelopes on existing railroad lines in the United States and the freedom in 
defining clearance envelopes for completely new constructed high-speed tracks, the wheel-on-
rail high-speed train operating in the United States will range around a value of the 0.8 tons per 
passenger while the Maglev will range around 0.56 tons per passenger [58]. Table 3 gives a 
summary lists of the weights and per-passenger weights of different wheel-on-rail high-speed 
trains and the Transrapid high-speed Maglev.  

In sum, Maglev weight more less than wheel-on-rail high-speed rail.  
 

 Transrapid 
Maglev ICE3 TGV POS Velaro 

RUS 
Velaro 

CN 
Passenger 
Capacity 438 415 380 604 601 

Weight 247.3 t 409 t 427 t 651 t 447 t 
Weight per 
Passenger 0.56 t 0.99 t 1.12 t 0.92 t 0.74 t 

 
Table 3 :Weights of the Transrapid Maglev and different Wheel-on-Rail High-Speed Trains [58] 

 
6.2.3    Wear and Degradation 

 
The wear and degradation arise from contact between the wheel and the rail and also depend 

on speed. The wheel-on-rail high-speed train has contact between the wheel and the rail and 
therefore subject to wear while the Maglev has no contact with the guideway. With a maximum 
speed of 300 km/h (186 mph), a rail need replacement after five to seven years. In the other 
hand, one major advantage of Maglev is the contactless travel between the guideway and 
vehicle during travel. “This results in having a wear-free electronic and electromagnetic 
component and mechanical deterioration that is non-existent in Maglev system. For its low 
loads on its guideway and its non-contact propulsion, Maglev systems have been called zero-
maintenance systems. While this statement is obviously true for mechanical parts, it is still an 
exaggeration, for instance, this raises the concern that the Maglev’s guideway might, even in 
the absence of physical contact, still be subjected to wear due to variation in traffic, corrosion 
and other impacts.  Also, the parts of the propulsion system and electronics might still need 
maintenance or replacement for other reasons than mechanical wear. On the other hand, 
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maintenance and replacement of elements of the Maglev system could be expensive when 
sophisticated electronics or the magnets of the propulsion system are involved” [58].  

With these technical differences, and Maglev which might be subjected to higher cost 
involved in replacement of part and potential wear, a maximum benefit wasn’t attributed to 
Maglev but a higher benefit than wheel-on-rail high-speed since more study needs to be done 
on this subject.  
 

6.2.4    Operating Travel Speed 
  

Travel time is one of the factors that go into mode choice from a passenger standpoint. The 
maximum speed for wheel-on-rail high-speed Rail in commercial operation cannot be 
significantly higher than 300 km/h (186 mph) while the highest design speeds for the wheel-
on-rail system are 350 km/h (218 mph) (French TGV and Spanish AVE). On the contrary, 
maximum operating speed of the Transrapid Maglev is 450 km/h (280 mph) and speeds in 
excess of 550 km/h (342 mph) are well within the technology limits of Maglev. On the 
Northeast corridor, the HSR can reach a commercial speed of 186 mph when put-on brand-
new roadbed while the Acela can run on an average speed of 160 mph [62]. 
  

On the travel speed, Transrapid Maglev is assigned a maximum benefit and the wheel-on-
Rail High-Speed (Acela & HSR) are assigned a lower benefit that is comparative to within 
their technology limit.  
  
Computation:  
 

Before presenting the computed values of the utility in below table, let’s take the HSR 
example to explain the system comparison formulas using only the Technical Aspect category.  

 
To normalize the benefit values, btravel speed, HSR for the category of “travel speed” for the 

system HSR was calculated as follow: 
 

<IJ@KLM	NOLLP,QRS = TUVWXYZ	[\YY],^_`
TaWb

 = c
d
 = 0.6 

 
This same calculation was performed for all the categories.  
To calculate the weighting factor for the category Wtravel speed was calculated as follow: 
 

BIJ@KLM	NOLLP =
eUVWXYZ	[\YY]

f eg
h

gij

 = k.dd
&d.m

 = 0.2898 
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Adding the sum of all the 4 categories the weighting factors of the Technical Aspect give 1 
(One Whole).  
 
Based on the weighting factor, wtravel speed, and the normalized benefit value  
btravel speed, HSR, the utility of HSR in each category was calculated. For instance,  
 

FQRS	 =∑ B6
k
6E& ∗ 	H6,QRS = (0.245*0.6) + (0.210*0.6) + (0.254*0.4) + (0.289*0.6) 

   = 0.147 + 0.126 + 0.101 + 0.173 = 0.549 

 
The result FQRS	 = 0.549 is now the utility value for the HSR in the technical aspect 
category.  
 
All other categories of the HSR and other system (Acela and Maglev) are calculated in the 
below tables. 
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High-Speed Rail 

Braking Performance 3 0.6 3.85 0.245 0.147 
Train Weight 3 0.6 3.3 0.210 0.126 
Wear and Degradation 2 0.4 4 0.255 0.102 
Travel Speed 3 0.6 4.55 0.299 0.174 

Sum    15.7 1.00 0.549 
 

Acela 
Braking Performance 3 0.6 3.85 0.245 0.147 
Train Weight 2 0.4 3.3 0.210 0.084 
Wear and Degradation 2 0.4 4 0.255 0.101 
Travel Speed 3 0.6 4.55 0.290 0.174 

Sum   15.7 1 0.507 
 

Maglev 
Braking Performance 4 0.8 3.85 0.245 0.196 
Train Weight 5 1 3.3 0.210 0.210 
Wear and Degradation 4 0.8 4 0.255 0.204 
Travel Speed 5 1 4.55 0.299 0.299 

Sum   15.7 1 0.900 
 
 Table 4 : Technical Aspects of 3 different alternatives 
 
 

6.3             Technical Readiness 
  

In this section, system readiness and maturity were used to evaluate both Maglev and 
wheel-on-Rail High-Speed Rail by using the Technology Readiness Levels (TRL) and 
Technology Readiness Assessments (TRA) metric developed by NASA. Although, this is used 
most commonly in testing flights, their most common use is also seen in communication, 
project planning development, proposal development, technology selection, cost estimation, 
risk indicator, and most importantly, it serves as guide/measure for engineering development 
prior to Preliminary Design Review (PDR).  
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Over the course of this study, many authors were unable to clearly state and identify the 
best alternative between Maglev and wheel-on-rail high-speed rail since their utility is very 
close to each other. Some of the studies attempted to appeal through emotional comparison or 
attributing utility that are not significant enough to reject or accept the system superiority of 
Maglev or wheel-on-rail high-speed rail.  

  
As proposed in this document already, Maglev surely show a very high theoretical 

superiority over wheel-on-rail high-speed rail, but if this could also be translated in a very 
practical approach is yet to be seen. The approach taken by this paper to dissociate these two 
systems is mainly developed in system engineering. “A meaningful view of the Maturity of “a 
system” is key to the determination of Risks associated with its development and operation. 
This notion applies at all system levels: for the integration of a system into a wider environment 
and other systems, for the design of a system itself and for any particular part of that system. 
Based on this evidence, you could infer that the notion of “maturity” is encapsulated within the 
notion of “readiness”). “System Maturity” is to do with the verification within an iterative 
process of the System Development Lifecycle. System Maturity is focusing on the design 
maturity of a system product and is only verified against the System Requirements if it is 
successfully implemented as intended by the design. Whereas, “System Readiness” is to do 
with the validation and Boolean (either the system is “ready” for use or not) aspect of the 
System Development and overall Lifecycle as well as being context dependent. System 
Readiness validates whether or not the system can satisfy the User Requirements for a given 
context[63]. While some studies used them interchangeably, this work separate them into two 
categories, Technology Readiness Assessment (TRA) and Technology Readiness Level (TRL).   

  
With this evaluation approach, the difference in utility between Maglev and wheel-on-rail 

high-speed rail was clearly significant to support the wheel-on-rail high-speed rail superiority 
over Maglev.  

  
 
 
 
6.3.1    Technology Readiness Assessment (TRA) 

  
According to NASA [64], “A TRA is a systematic process to develop the appropriate level 

of understanding (technical and risk) required for successful technology insertion into a system 
under development. There are numerous reasons and benefits from performing TRAs, 
including reducing technology development uncertainty, providing a better understanding of 
project cost and schedule risk, facilitating infusion of technologies into operational systems, 
and improving technology investment decision-making.”  

In light of this definition, Maglev and wheel-on-rail high-speed rail were assessed. As 
described in cost section of this report, Maglev being a newer technology, there is not yet a 
cost analysis on it operational cost and what a full life-cycle of Maglev involve.  
The TransRapid MAGLEV (TRM) as the High Speed (HS) system is based on the Herman 
Kemper’s idea of magnetic levitation dated from 1930s. Although TRM system has been 
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matured to the level of commercialization, its infrastructure has only been fragmentary built, 
mainly connecting the airport (s) with the city centers, which is still far from development of 
the network similarly as that of the High-Speed Rail (HSR). Table 5 gives some time 
milestones of developing the TRM system [65].  
 
 
 
 
1970s The research on the Maglev transportation had been intensified (Japan, Germany).  

1977 The first TRM (TransRapid Maglev) test line of the length of 7 km had been built 
(the test speed achieved was: 517 km/h) (Japan).  

1993 The TRM test of 1674 km had been carried out (the achieved speed was: 450 km/h) 
(Germany).  

1990/1997 The Yamanashi TRM test line of the length of 42.8 km had been constructed in the 
year 1990 and the first test carried out in the year 1997 (EDS - Electro Dynamic 
Suspension) (Japan).  

2004 The first TRM line between Shanghai and its Pudong International airport (China) 
was built and commercialized (Length of line: 30 km; 
Average travel time: 7.33 min; Average speed: 246 km/h; Transport service 
frequency: 4 dep/h.  

 
Table 5 : The time milestones of developing TransRapid MAGLEV system [65] 

 
Furthermore, the 6-commercial line of Maglev in operation don’t cover a total of 46 

miles combine as compiled in Table 6 [66].These present critical limitations to have a better 
understanding of how much a Maglev can really cost and the risk involve. One of the major 
risks is the high cost of capital investment in Maglev that could not be used by traditional rails 
when the project fails. Additionally, Maglev has not in a long line operation on existing corridor 
from 100 miles to 300 miles to evaluate how it is technology react to wear and tear under 
different stress performance level.  
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Line Purpose Distance Operation 
Year  

Daejeon Expo Maglev, South-
Korea 

Demonstration  1 km (0.62 miles) 1993 

Shanghai Maglev, China: Pudong 
International Airport  

Commercial  30.5 km (19 miles) 2004 

Linimo Maglev, Japan  Commercial  8.9 km (5.5 miles)  2005 
Incheon Airport Maglev, South-
Korea  

Commercial 6.1 km (3.8 miles) 2016 

Changsha Maglev Express, China  Commercial  18.55 km (11.53 
miles) 

2016 

Beijing S1 Metro Line China  Commercial 8.25 km (5.13 miles) 2017 
 

Table6 : Maglev Commercial Line [66]  

 
In the other hand, wheel-on-Rail High-Speed Rail has  a total of 20,819 kilometers of lines 

in operation and another 16,318 km planned lines as of 2012 [68]of high-speed lines built 
around the world and is considered a proven technology of which the cost could be accurately 
be predicted and all outcome involve in its operation.   
In TRA, technologies are classified as “New” vs. “Engineering” vs Heritage as shown in the 
figure below.  
 

Figure 3: Technology Readiness and Maturity Flow Chart  
  

From the basis of the definition, Maglev is considered a new technology moving to 
engineering phase while the wheel-on-Rail High-Speed Rail is considered heritage since there 
have been no process changes in its manufacturing.  
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6.3.2    Technology Readiness Level (TRL) 
 

 
 Figure 4: Technology Development Thermometer Charts  
 

“TRLs are a method of estimating technology maturity of Critical Technology Elements 
(CTEs) of a program. They are determined during a TRA that examines program concepts, 
technology requirements, and demonstrated technology capabilities. TRLs are based on a scale 
from 1 to 9 with 9 being the most mature technology. The use of TRLs enables consistent, 
uniform, discussions of technical maturity across different types of technology. Moreover, TRL 
are used for technology selection. It is used to help identify sufficiently mature technologies 
(usually TRL 5) that meet mission requirements. Program and Project Managers also use TRL 
during their Assessment of Alternatives (AoA) to identify candidate technologies and to down-
select between options.” [66]. In light of this definition, Maglev has a great disadvantage over 
wheel-on-rail high-speed rail.  

 
The first wheel-on-rail high-speed rail started operation in 1964 while the first Maglev was 

inaugurated in 2002 and started a commercial operation in 2003. Throughout the world, HSR 
technology has matured and in operations in many countries. In contrast, Maglev system which 
uses powerful magnets to glide the trains along a monorail without friction at speeds of up to 
500 kilometers per hour was first patented in the 1930s and serious attempts to realize its 
potential began four decades ago, the Maglev train idea has to date failed to find a significant 
market[67]. From this it could be suggested that Maglev is at a maturity level of TRL 7 while 
wheel-on-rail high-speed rail is at a TRL 9.  
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High-Speed Rail 

System Readiness 5 1 7 0.438 0.438 
System Maturity  5 1 9 0.563 0.563 

Sum    16 1.00 1.00 
 

Acela 
System Readiness 5 1 7 0.438 0.438 
System Maturity  5 1 9 0.563 0.563 

Sum   16 1.00 1.00 
 

Maglev 
System Readiness 2 0.4 7 0.438 0.175 
System Maturity  2 0.4 9 0.563 0.225 

Sum   16 1.00 0.400 
 
 Table 7: Technical Readiness of 3 different alternatives 

6.4 Environmental Impact 
  

6.4.1    Land Consumption 
  

Both wheel-on-Rail High-Speed and Maglev have a clear advantage on other mode of 
transportation when it comes to land consumption since the space needed for private car 
passenger is 22 times compared to rail, and by a bus passenger 1.7 times compared to rail. This 
is because, railways are more easily integrated into the environment, particularly if layout 
design has the maximum number of sections in cut as opposed to embankment [A68].Wheel-
on-rail High-Speed Rail land consumption at Grade is about 16 m2 while Maglev land 
consumption is 11.5 m2. At a height of 5 meters, wheel-on-Rail High-Speed uses 35 m2 of track 
on embankment and Maglev uses 2 m2for the elevated guideway [58]. Although,wheel-on-Rail 
High-Speed also could be built on elevated guideway, this option is costly and is used only 
when needed. It is apparent that Maglev consume significantly less land than wheel-on-Rail 
High-Speed. Since this project integrated Acela and HSR into wheel-on rail trains, in this 
category however, it should be separated. The Acela has acquired land already and no further 
acquisition is required. In the other hand, the HSR needs land acquisition since it is a new 
roadbed that has to be built. This Table summarizes the land consumption of these two modes.  
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Alignment Land Consumption for 

wheel-on-Rail HSR [m2 
per m of double track] 

Land Consumption for 
Maglev [m2 per m of 
double track] 

At-Grade 16.0 11.5 
At-Grade plus Mitigation 
Measures (50%)  

24.0 17.0 

At a Height of 5 meters 35.0 (track on 
embankment) 

2.0 (elevated guideway) 

At a Height of 5 meters plus 
mitigation measures (50% 

50.0 (track 
embankment) 

3.0 (elevated guideway) 

At a Height of 12 meters plus 
Mitigation Measures (20% for 
HSR, 50% for maglev) 

75.0 (track 
embankment 

3.0 (elevated guideway) 

  (source: Schach, Jehle, and Naumann, 2006, p.83)  
 
 Table 8 : Land consumption for HSR and Maglev with different alignment 
 
 

In sum, the Transrapid Maglev consumes significantly less land for any type of guideway 
design than wheel-on-Rail HSR tracks.  
  

6.4.2    Energy Consumption, Noise Emission, and Pollutant Emissions  
 

In comparison to other mode of transport, rail transport consumes one third as much energy 
as road transport for the same traffic and air for the same traffic consume 5-7 times more energy 
than railways. As the energy price is going up and becoming more scares, oil reserves all over 
the world can satisfy needs for a maximum of two generations from now onwards [68] and 
because both electrified wheel-on-rail and Maglev trains consume electric energy, they could 
both be based on a sustainable energy supply. According to Givoni, Brand, and Watkiss (2009, 
pp. 6-7), energy consumption is mainly dependent on the train technology, the geographical 
characteristics of the route (flat vs. mountainous), and the spacing of intermediate stops along 
the route. And for, Breimeier, the energy consumption of the Transrapid Maglev is higher that 
of the ICE 3, the newest German wheel-on-rail high-speed train, for any speed. From about 
200 km/h (124 mph) on, the high-speed Maglev train consumes less energy than the wheel-on-
rail high-speed train [58].In another study by Casello and Vuchic, on the energy consumption 
of both Maglev and wheel-on rail train,  since “Maglev does not have wheel resistance as rail 
vehicles do, but its magnetic levitation requires continuous energy consumption, which may 
be greater than the energy required to overcome wheel rolling resistance. Another factor in 
energy consumption is the use of the linear induction motor— LIM, which uses more energy 
than the rotating electric motor. It has been observed that systems utilizing LIM, use between 
20 and 30% more energy for traction than similar rail vehicles with conventional rotating 
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electric motors. For all these reasons Transrapid is likely to have substantially higher energy 
consumption per square meter of vehicle floor area than the latest German high-speed rail train, 
ICE-3. In conclusion, high speed rail consumes less energy than Maglev per comparable unit 
of train capacity” [69]. 

 
In terms of noise production, “because any physical contact is eliminated in the Maglev 

system, mechanical noise does not exist for Maglev trains, which is advantageous at lower 
speeds. Thus, a Maglev train can approach an urban terminal in a densely populated city center 
with higher speeds than a wheel-on-rail high-speed train. Despite the differences in the 
absolute-number values for the high-speed Maglev system, all studies agree that noise 
emissions of the Maglev system are considerably lower for any given speed than those of 
wheel-on-rail high-speed system. At lower speed of 300 km/h, Maglev produces less noise than 
HSR at the same speed, but more when it is traveling at 450 km/h.” [58]  

 
Different kinds of emissions and pollutions occur over the lifetime of a transportation 

system. First, emissions are discharged when raw materials for train and track are extracted, 
followed by emissions during the production or construction processes. Also, emissions occur 
when trains are recycled. However, the most long-lasting and easiest-to-calculate emissions 
occur during operation. To quantify pollutant emissions, carbon dioxide (CO2) is usually used 
as the main indicator. Other greenhouse gas (GHG) pollutants relevant to ground transportation 
include nitrous oxide (N2O) and methane (CH4). These have an even higher global warming 
potential per mass of pollutant than CO2. However, they are emitted in much smaller 
quantities. Also, data on CO2 emission are more readily available (Givoni, Brand, & Watkiss, 
2009, pp. 1-2) [58]. The example of this performance is compiled in the following table [65].  
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Indicator / System Alternative Wheel-on-
rail  

High-Speed 
Maglev 

Inputs   

Environmental   
Energy consumption (Wh//s-km)  
Emissions of GHG (gCO2/s-km)  
Land use (width of right-of-way) (m)  

51 
487 
25 

52 
487 
17 

Social   
Noise (dB (A)) 

Congestion (-) 
Traffic incidents/accidents (safety) (fatalities/pkm-year)  

90.5 
Free 
0 

88.5 
Free 
0 

Estimates   
Environmental    
Energy consumption (103 kWh/day-dir)  
Emissions of GHG (tonCO2/day-dir)  
Land use (ha)  

650.558 
316.836 
1650 

832.123 
405.249 
1122 

Social   
Noise (dB (A)) 2) 

Congestion (-) 3) 

Traffic incidents/accidents (safety) (fatalities/p-km-year)  

90.5 
0 
0 

88.5 
0 
0 

 
 
 Table 9 : HSR and Maglev performances 
 

6.4.3    Interference with Natural Environment 
According to Siemens, the Maglev guideway can be easily adapted to any terrain, with 

minimal influences on plants and wildlife (Siemens, 2006b, p. 19). This is because “animals 
can cross below the track so that natural habitats are less disturbed. For at-grade tracks this is 
not possible; measures specifically designed to enable animals to cross the guideway are 
necessary. An elevated system is more environmentally than the at grade structure that is 
adopted by wheel-on-rail system. Therefore, a higher benefit rating for interference with the 
natural environment is assigned to the Maglev”. [58] 

  
6.4.4    Electromagnetic, Magnetics, and Electric Fields 
According to Brecher (2004), the magnetic fields inside the Transrapid TR08 (the model 

that is used on the commercially operated track in Shanghai) are comparable to magnetic fields 
on the French TGV Atlantique wheel-on-rail high-speed train as well as some American trains. 
This is similar to the earth’s magnetic field depicted in Figure 5. However, because magnetic 
fields are higher on Maglev trains than on most of the wheel-on-rail high-speed trains, the 
benefit values for HSR is higher than that of Maglev.  
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Figure 5: Electromagnetic Field Strength of Household Items 
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High-Speed Rail 

Energy Consumption 3 0.6 4.32 0.187 0.112 
Land Consumption 2 0.4 3.36 0.146 0.058 
Noise Emissions 3 0.6 3.77 0.163 0.098 
Interference with Natural Environment 2 0.4 4.18 0.181 0.072 
Pollutant Emission 5 1 4.32 0.187 0.187 
Electromagnetics, Magnetics, Electric Fields 4 0.8 3.14 0.136 0.119 

Sum    23.09 1.00 0.637 
 

Acela 
Energy Consumption 3 0.6 4.32 0.187 0.112 
Land Consumption 5 1 3.36 0.146 0.146 
Noise Emissions 3 0.6 3.77 0.163 0.098 
Interference with Natural Environment 2 0.4 4.18 0.181 0.072 
Pollutant Emission 5 1.0 4.32 0.187 0.187 
Electromagnetics, Magnetics, Electric Fields 4 0.8 3.14 0.136 0.109 

Sum   23.09 1 0.724 
 

Maglev 
Energy Consumption 2 0.4 4.32 0.187 0.075 
Land Consumption 5 1 3.36 0.146 0.146 
Noise Emissions 2 0.4 3.77 0.163 0.07 
Interference with Natural Environment 4 0.8 4.18 0.181 0.145 
Pollutant Emission 5 1 4.32 0.187 0.187 
Electromagnetics, Magnetics, Electric Fields 2 0.4 3.14 0.136 0.054 

Sum   23.09 1 0.672 
 
 
 Table 10: Environmental Impact for each alternative. 
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6.5             Economic Aspects 
 

The cost and economic analysis section of this project will go in depth on the economic 
aspect such as investment cost, operation cost, ridership generation, and will be used to graph 
cost vs utility. For this section of utility however, it is to find which of the proposed system 
will have chance to succeed.  
  
 6.5.1    Chances of Acquiring Grants and Ability to Use Existing Track 
 

The American Recovery and Reinvestment Act (ARRA) impose a set of requirements that 
need to be fulfilled in order to be eligible for the funding. The money can only be spent in the 
United States. While such a requirement is logical as it was the very reason for passing ARRA 
to support the American economy and buy American initiative, it is not possible for either high-
speed ground transportation system to have 100 percent of all parts manufactured in the United 
States (GOA, 2010b, p. 20). Other chances to acquire funds are state bonds or public-private-
partnerships. California voters, for instance, have already authorized in a 2008 ballot initiative 
the issuance of $9 billion of municipal bonds. The complete proposed high-speed system for 
California is, however, estimated to cost approximately $40 billion. Therefore, authorities in 
California (similarly in Florida) are planning to include public-private partnerships into their 
funding programs (Dutton, 2010) [58]. The main concerned faced by Maglev in this process is 
the system maturity level discussed previously. Before any funding to a system to be allowed, 
the system has to have a TRL score of 9 according to NASA.  

 
There are technical differences between modern high-speed rail and conventional rail, high-

speed trains still travel on the same basic type of infrastructure as today’s freight and passenger 
trains. Maglev, on the contrary, operates on an entirely different type of guideway. As Maglev 
system uses a completely different type of guide way, it cannot operate on any conventional 
rail track. The high-speed system is the only system that can be operated on existing rail 
infrastructure. The combined operation of high-speed trains and freight trains on either newly 
constructed high-speed lines or upgraded freight rail lines, however, can cause problems in 
many aspects. High-speed lines on which conventional passenger and freight trains are run in 
addition to high-speed trains have higher maintenance cost. Lastly, combined operation 
reduces the capacity of a line significantly as very long headways between conventional trains 
and high-speed trains are necessary due to the huge differences in operation speed. [58]  

Maglev is therefore at a disadvantage on both grant acquisition and the use of existing track.  
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High-Speed Rail 

Chances of Acquiring Grants 4 0.8 4.64 0.516 0.412 
Ability to Use Existing Track  3 0.6 4.36 0.484 0.290 

Sum    9 1.00 0.703 
 

Acela 
Chances of Acquiring Grants 4 0.8 4.64 0.516 0.412 
Ability to Use Existing Track  5 1.0 4.36 0.484 0.484 

Sum   9 1.00 0.897 
 

Maglev 
Chances of Acquiring Grants 3 0.6 4.64 0.516 0.309 
Ability to Use Existing Track 1 0.2 4.36 0.484 0.097 

Sum   9 1.00 0.406 
 
 Table 11: Economic Aspects of each alternatives 
 
  

V-              Operation 
 

1. Capacity 
 

According to Connor [59], “railway capacity can be described as the ability of a railway to 
carry a certain number of trains in one direction on one track over a certain period. It is 
determined by how many trains you can run on a track in this direction in an hour and is 
expressed as trains per hour (tph). It can also be described as “headway” - the time interval 
between successive trains. Line capacity will depend on train performance, particularly braking 
and acceleration, length and how trains are controlled. How many trains can be run will also 
depend on the infrastructure – the power available, the maximum line speed, the station 
spacing, the terminal design, gradients and the railway control (signalling) systems. On top of 
that, the operating conditions - dwell times at stations, terminal operations, allowances for 
speed restrictions and recovery margins will also affect throughput. Although the team is 
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observing high speed lines, these conditions apply to all railways, regardless of the top speed 
of the fastest train. [59]  

 
The capacity of a rail line is calculated by multiplying the capacity of an individual trains 

(number of seats) and load factor by the number of trains that can travel the line per hour with 
a set frequency of service or calculated frequency of service when the projected ridership is 
known. The minimum headway of five minutes is allowed for Maglev system (Transrapid 
International, 2001). It has to be questioned, however, whether this is applicable in reality since 
distance between substations would have to be short in guideway sections where the Maglev 
travels with lower speed near stations. A minimum headway that can surely be achieved is ten 
minutes. For high- speed rail system, headways of three minutes are successfully applied on 
different routes of the French TGV and the Japanese Shinkansen system (Liu & Deng, 2004, 
p.22). The system capacity is covered in another section of this report and it shows step by step 
process of calculating the system capacity.  

 
For the purpose of this utility comparison, Acela being a very old system and in need of 

critical infrastructure repair, is at a disadvantage when comparing it to HSR which is being 
designed on a new roadbed and will not share its tracks with conventional rail which reduces 
high-speed rail capacity due to their operational speed.  

  
2.             Reliability 
  
            Reliability describes the ability of a system to perform its functions in routine 
circumstances, as well as hostile or unexpected circumstances, with little variation in 
performance. In case of a power outage, none of the two systems can be propelled. Because 
high-speed rail is supported by a mechanical system its support can be maintained in case of a 
power outage. The electromagnetically-based support of the Maglev is assured in case of a 
power outage as well. For weather conditions, such as strong winds and lightning, does not 
have great impact on both systems. Both systems have a very high reliability that they can 
handle adverse weather conditions well with only minor limitations. [58]  
On this topic of reliability, particularly concerned about Maglev system reliability, the team 
has contacted an expert who give the following technical detail about Maglev. “The key goals 
for the Transrapid development, was to overcome the Achilles heel of the conventional high-
speed train: a single failure in the wheel-rail interface can lead to fatal disaster. 
The Transrapid succeeded in doing so by separating levitation and guiding functions and 
making all safety features highly redundant. Each Transrapid train consists of connected but 
autonomous sections (in traditional railroad jargon: a wagon, or car in an EMU).Each section 
of a Transrapid train has an autonomous levitation frame. The levitation frame itself consists 
of a number of articulated, redundant levitation units (comparable to "bogies" in conventional 
railroad jargon) linked together. Each levitation unit carries several magnets (each magnet 
could be considered a wheel), as a well as a number of units fitted with additional safety devices 
(breaks).Each Transrapid section has 4-fold redundancy of key safety features, including 4 
independent electrical circuits (even 8 if you count the different voltages), each circuit with its 
own battery supply. So, in case of a full electronic failure for whatever reason, for example 
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with a battery box, the remaining active levitation units continue to carry the load. In the 
unlikely event that multiple failures occur, resulting in loss of the levitation function, the 
vehicle will land on its gliding skids. The skids are designed to survive a touchdown even at 
very high speeds (although that is probably only once as they will be worn off). Note that the 
train is continuously self-diagnosing, reporting back to the control centre and the maintenance 
regime is to prevent multiple failures to occur. Another excellent system feature of the 
Transrapid is its highly modular design, which drives it high safety and operational deployment 
levels. As no single failure requires the vehicle to be taken out of schedule, a problem can be 
resolved later by exchanging a defective module with a spare one. The exchange can take as 
little as 15 minutes. The problematic module can then be inspected and repaired offsite”. [70] 
 
3.             Integration with Existing Transportation Infrastructure  
  
            On the NEC, there are multiple trains that travel the same line. Acela, the Northeast 
Regional, Amtrak, and freight trains, all travel the same line. This combination of service is 
potentially foreseeable for any new system that might be developed. As result, wheel-on-rail 
high speed rail has the technical capability to allow for conventional trains to be operated on 
the high-speed lines. Through a good coordination of schedules, a high system integration 
between high-speed rail and conventional rail can be reached when both trains run on the same 
route and share a high number of transfer points. To achieve a good integration with air traffic, 
it is necessary that high-speed rail networks have stops at major airports. This offers travellers 
the opportunity to easily transfer from one transportation to the other. Both systems can be very 
well integrated with other modes of transportation. However, high-speed rail system gets better 
benefit rating because it can integrate with conventional passenger rail services.  
  

4.             Dwell Time at Stations 
 
            A large part of operational variability in high capacity rail systems is caused at stations. 
Dwell times at stations are notoriously difficult to control, particularly under European 
conditions, where passenger discipline is not as good as it is in, say, Japan [59].  A Maglev 
train has, for safety reasons, to be de-levitated and grounded before people disembark and 
embark. Because of Maglev is automatically operated without a driver, safety rules 
recommended that there be platform edge doors that prevent people from entering the tracks. 
The overall dwell time at station is approximately 30 seconds per stop higher for the Maglev 
system [58]. 

  
5.             Flexibility in Operations  
  
            The ability to quickly couple and uncouple cars in order to reassemble trains increases 
operational flexibility and economic efficiency. Due to the optimization of such things as 
aerodynamics and propulsion high-speed trains lack the ability to be altered in configuration. 
For the ICE 3, eight cars are considered one unit. No car can be taken out of this unit. The only 
way to change the number of cars on an ICE 3 train is to couple two eight-car ICE trains 
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together. A Maglev train can consist of two through ten sections. The middle sections are all 
the same, which means that their number can technically be decreased or increased. However, 
it is not designed to be employed in everyday operation because of its complicated procedure. 
This procedure is not feasible to be done in normal operation hours. Due to the level of 
difficulties in coupling Maglev train in operation to change the seats available, wheel-on-rail 
high-speed rail gets a higher benefit value.  
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High-Speed Rail 

Capacity 5 1 4.76 0.208 0.208 
Reliability 5 1 4.95 0.216 0.216 
Integration with Existing Transportation  5 1 4.9 0.214 0.214 
Dwell Time at Stations 4 0.8 4.1 0.179 0.143 
Flexibility in Operation 3 0.6 4.19 0.183 0.118 

Sum    22.9 1.00 0.891 
 

Acela 
Capacity 5 1.0 4.76 0.208 0.208 
Reliability 3 0.6 4.95 0.216 0.137 
Integration with Existing Transportation  5 1 4.9 0.214 0.214 
Dwell Time at Stations 4 0.8 4.1 0.179 0.143 
Flexibility in Operation 3 0.6 4.19 0.183 0.118 

Sum   22.9 1.00 0.805 
 

Maglev 
Capacity 4 0.8 4.76 0.208 0.166 
Reliability 5 1 4.95 0.216 0.216 
Integration with Existing Transportation  4 0.8 4.9 0.214 0.171 
Dwell Time at Stations 3 0.6 4.1 0.180 0.114 
Flexibility in Operation 1 0.2 4.19 0.183 0.036 

Sum   22.9 1.00 0.698 
 
 Table 12: Operational Aspects of each alternatives 
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VI- Safety 
 

Risk of Derailment, Risk of Collisions with Other Trains and Evacuation of Trains 
Maglev train offer the best alternative for the risk of derailment since it has the undercarriage 
that wraps around its guideway. For such, it has been stated by many authors that it is (virtually) 
impossible for a Maglev to derail. The wheel-on-rail high speed has a higher risk of derailment. 
However, even though wheel-on-rail high speed has a risk of derailment, it is unlikely to derail 
and there are only few accidents involving derailment of high-speed rail in the recent memory 
[58]. 
  
            For a Transrapid Maglev train, it is technically impossible to collide with another 
Maglev train since only one train can be in each drive control zone at the same time. The guide 
motor is activated one section at a time and can operate in one direction only, which eliminates 
the risk of a collision with another Maglev train (Siemens, 2006b). Also, a collision of two 
wheel-on-rail high speed train is extremely improbable due to advanced control systems that 
are designed specifically to prevent such incidents. These control systems provide that "vehicle 
movements only take place on secured routes. This means that the path to be taken by a vehicle 
is exclusively reserved for this vehicle. Because a collision between two Maglev trains is 
excluded, Maglev gets a higher benefit rating [58].   
  
            Wheel-on-rail has to be expected to stop at any location on their route in case of one of 
the aforementioned emergency situations. Because the track of high-speed systems is usually 
at-grade, passengers can just disembark the train. However, it is difficult for rescue teams to 
reach the train when it is stopped at a random location and also on an elevated grade. 
Concerning this point of comparison, the Maglev system, which only stops at predefined 
auxiliary stopping areas has the advantage. However, in unexpected situation, it will be difficult 
to evacuate the train because it will be stopped on an elevated guideway section apart from any 
station or auxiliary stopping area. By considering advantages and disadvantages of both 
systems, Maglev received a lower benefit rating[58].  
  
  
2.             Safety Case of Natural Disaster and Perceived Level of Safety by User  
  
            Natural disasters that can affect high-speed ground transportation include earthquakes, 
floods, and landslides. In particular, earthquakes can represent a significant safety risk for 
operation of high-speed trains as they usually occur unpredictably and directly affect the wheel-
rail interaction of the high-speed rail system. Thus, a traveling train is subjected to a 
considerable risk of derailment in case of an earthquake. The only way to address this risk is 
to use emergency-brake for the train immediately when an earthquake is detected. On the other 
hand, the Maglev system is close to impossible to derail as stated previously. However, to 
ensure safety in case of an earthquake, a warning system that automatically slows down the 
train should be applied to the Maglev system. For other types of natural disasters like flooding 
or landslides, Maglev has the advantage because of its elevated guideway. [58] 
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            Despite the fact that traveling by car is more dangerous than traveling by airplane, a 
considerable amount of people suffers from a fear of flying. Fear of flying may be related to 
other fears like the fear of height, the fear of being in a closed space, the fear of not being in 
control, and others. The fears related to the fear of flying gives an impression of what kind of 
fears might be related to riding the Transrapid Maglev as opposed to riding a high-speed rail. 
The feeling of being in a closed space will arguably be perceived more strongly on Maglev 
train than on a high-speed rail. Similarly, the feeling of being out of control might be 
experienced more strongly due to the elevation of the Maglev guideway. The Maglev systems 
appear to have higher potential to cause these fears than wheel-on-rail high speed [58]. 
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High-Speed Rail 

Risk of Derailment  4 0.8 5.24 0.199 0.159 
Risk of Collisions with other Trains 4 0.8 5.62 0.213 0.171 
Safety Case of Natural Disaster  4 0.8 5.00 0.199 0.152 
Perceived Level of Safety by User 4 0.8 5.33 0.202 0.162 
Evacuation of Trains  4 0.8 5.15 0.196 0.156 

Sum    26.34 1.00 0.80 
 

Acela 
Risk of Derailment 3 06 5.24 0.199 0.119 
Risk of Collisions with other Trains 3 0.6 5.62 0.213 0.128 
Safety Case of Natural Disaster  3 0.6 5.00 0.199 0.114 
Perceived Level of Safety by User 3 0.6 5.33 0.202 0.121 
Evacuation of Trains 4 0.8 5.15 0.196 0.156 

Sum   26.34 1.00 0.639 
 

Maglev 
Risk of Derailment 5 1 5.24 0.199 0.199 
Risk of Collisions with other Trains 5 1 5.62 0.213 0.213 
Safety Case of Natural Disaster  5 1 5.00 0.199 0.199 
Perceived Level of Safety by User 3 0.6 5.33 0.202 0.121 
Evacuation of Trains 3 0.6 5.15 0.196 0.117 

Sum   26.34 1.00 0.841 
 
 Table 13: Safety Aspects of each alternatives 
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VII- Passenger 
 

1. Travel Time and Arrival Frequency  
  
This section of the report is detailed in system capacity where the travel time and the 

arrival frequency are calculated. Travel time is correlated with distance and speed. As Maglev 
has a higher speed, it can travel faster than wheel-on-rail train. The shorter travel time of 
Maglev reflected in time saving for passengers and is one of the main characteristics 
determining the quality of a high-speed ground transportation system.  

 
            A higher arrival frequency will have positive impact on ridership generation as well as 
customer satisfaction because they do not necessarily have to plan their trip way in advance or 
wait for too long before the next service. Both systems have a minimum headway that 
determines a minimum frequency that each system can achieve. These minimum headways 
are, however, ten minutes or even lower, which represent frequencies that are usually not 
applied in the long-haul transportation market. Therefore, the arrival frequencies in daily 
operation are almost independent of the high-speed ground transportation system. Both systems 
offer the ability to operate with any frequency that is determined to be optimal.  
 
2.             Comfort  
            “The objective parameters that define comfort include ride quality, seat spacing, noise, 
etc. On modern trains, the arrangements of the seats can be modified easily. Especially the 
seating pitch can be changed quite quickly. Seat pitches on the ICE used to be 0.97 meters but 
have been reduced to 0.92 meters to increase capacity. The seats of the transrapid Maglev are 
assumed to be arranged with a seat pitch of only 0.8 meters. This offers advantages in terms of 
capacity. In terms of comfort, however, the lower seat pitch is a disadvantage.  
For the higher seat pitches on the high-speed rail and comparable seat widths, high speed rail 
gets higher benefit rating.   
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High-Speed Rail 

Travel Time 4 0.6 4.86 0.358 0.215 
Arrival Frequency 5 1 4.81 0.354 0.354 
Comfort 5 1 3.9 0.287 0.287 

Sum   13.57 1.00 0.857 
 

Acela 
Travel Time 3 0.6 4.86 0.358 0.215 
Arrival Frequency 5 1 4.81 0.354 0.354 
Comfort 5 1 3.9 0.287 0.287 

Sum   13.57 1.00 0.857 
 

Maglev 
Travel Time 5 1 4.86 0.358 0.358 
Arrival Frequency 5 1 4.81 0.354 0.354 
Comfort 4 0.8 3.9 0.287 0.239 

Sum   13.57 1.00 0.943 
 
 Table 14: User-friendliness of each alternatives 

B-   Utility Summary   
  
From the above calculations, each system compared was safely ranked.  
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Summary 
Average 

Importance from 
Survey 

Weighting Factor  High-Speed Rail Maglev Acela  

  

Attribute 
Utility 
Values  

Overall 
Utility 

Attribute 
Utility Values 

Overall 
Utility 

Attribute 
Utility Values 

Overall Utility 

Technical Aspects 4.1 0.127925117 0.549 0.070230889 0.9 0.115132605 0.507 0.064858034 

Environmental Aspects 4.52 0.141029641 0.637 0.089835881 0.672 0.094771919 0.724 0.10210546 

Economical Aspects 4.95 0.154446178 0.703 0.108575663 0.406 0.062705148 0.897 0.138538222 
Aspects of User 
Friendliness 4.43 0.138221529 0.857 0.11845585 0.943 0.130342902 0.857 0.11845585 

Operational Aspects 4.57 0.142589704 0.891 0.127047426 0.698 0.099527613 0.805 0.114784711 

Safety Aspects 5.48 0.170982839 0.8 0.136786271 0.841 0.143796568 0.639 0.109258034 

Technology Readiness 4 0.124804992 1 0.124804992 0.4 0.049921997 1 0.124804992 

  32.05 1   0.78   0.70   0.77 

 
 Table 15: Utility weights of each alternatives 
 
 
 
 
 
 
 
 
 



 

Page | 97  
 

 
 
 
 
 

A-   Utility vs. Cost  
  

The previous section describes the cost involved in building each system. In this 
section, these costs will be used to graph the system utility from which a design alternative will 
be chosen.  
  

  

High Speed Rail Maglev Acela  

Capital Cost (50 years) 37 Billion 64 Billion 25 Billion 

Operation Cost (per year) 570 Million  460 Million  570 Million 

 Table 16: Total costs of each alternatives 
 
 

 
Figure 6 : Utility vs. Cost 
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7- Simulation Analysis and Results 

7.1 Simulation Overview  

To calculate the frequency of service and overall capacity needed from a new rail system 
and assess how it responds to increasing demand due to population growth, the team designed 
a simulation program that consists of three parts. The first part of the simulation was 
programmed using Java and modeled the usage of current intercity transit modes based on 
passenger choice. The second part of the simulation received passenger demand as an input 
and modeled the frequency of service of each design alternative. The third part received 
frequency of service as an input and modeled the system capacity of each design alternative. 

 
Each part of the simulation was calculated for each design alternative considered. To ensure 

that the original simulation assessment goal was achieved, simulation requirements were 
developed and are listed in Table 17. 
 

Req. 
ID 

Requirement 

 1  The simulation shall compute the demand for automobile, rail, and plane travel 
along the Northeast Corridor. 

2 The simulation shall simulate travel along the rail system until the predicted 
demand has been met or there is no additional capacity available during the unit 
time along the route. 

3  The simulation shall simulate frequency of service and capacity of the 
recommended rail system. 

Table 17: Simulation Requirements  

 
 Part 1 receives NEC travel population and year as input and produces demand for each 

mode of transportation considered. The utilities for this model are taken from research that was 
previously conducted by Moeckel et al. and published by the Transportation Letters. [71] These 
utility functions consider both mode-specific and individual specific variables. The mode 
specific variables considered were in-vehicle travel time, out-of vehicle travel time, and cost 
of trip. The individual-specific variables were license status and trip purpose. Of the variables 
considered, expected travel time, travel time within the origin and destination city, driver’s 
license status, trip purpose, and origin-destination city pairs were varied. Variables that 
remained static were cost to travel, distance between city pairs, and expected in-vehicle travel 
time along interstate highways, train tracks, and plane routes.  

 
 Passengers are modeled as having one of three reasons for traveling (business, personal, 
or commute), and their likelihood of picking a mode is dependent on a weights matrix 
associated with each trip purpose that encompasses each of the aforementioned mode specific 
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variables. With this model, the team simulated each design alternative to get projections of 
ridership. Further details are discussed in Simulation Part 1: Predicting Passenger Choice. 
 

To achieve the remainder of this simulation’s objective, the actual number of passengers 
that were able to be transported was calculated based on frequency of service, expected 
demand, and system capacity. “Passenger transported” was represented as a binary value that 
aims to represent whether a passenger was transported based on three independent variables, 
which are calculated during Parts 1, 2, and 3 of the simulation. This equation is listed below: 

 

 
Figure 7. Passenger Transported Equation 

 
After “passenger transported” was calculated for each passenger, the total number of 

passengers moved via rail was incremented and stored using the equation below.   
 

 
Figure 8. Sum of Passengers Transported 

 
In the second part of the simulation, Amtrak’s projected growth from its daily demand of 

passengers is taken into consideration. Each design alternative was simulated to determine the 
system capacity and the projected growth of ridership on the corridor.  

For the projected growth starting at year 1 of operation of the new Acela system, a 
conservative yearly ridership of 12 million was used to calculate this projection throughout the 
system life-cycle of 50 years with 3% annual growth derived for the NEC population growth 
estimation.  

 
The daily frequency of service chosen for this simulation is 18 hours a day (6 am – 12 am). 

MATLAB was used to calculate the hourly frequency of service as the population growth to 
meet the predicted demand. Further details are discussed in Part 2. 

 
Once the frequency of service was calculated in part 2, it was used as an input to calculate 

the expected system capacities. These are the daily and yearly capacities of our system, which 
are defined as the number of trains needed for operation, and the potential growth projection, 
which represent how many passengers are able to be transported throughout the system’s 
lifecycle. The system output was then used to calculate the economic feasibility of the design 
alternative chosen. Further details are discussed in Part 3. 

 
 
 



 

Page | 100  
 

7.2 Simulation Part 1: Predicting Passenger Choice 
 

Background/Overview 
 

As discussed previously, Part 1 one the simulation was designed to predict the demand of 
each design alternative. It accepts travel population and years as inputs and generates demand 
as an output. 

 
Traditional approaches to designing models that predict transportation mode choice include 

only deterministic components using utility maximization methods. Since there are no 
stochastic components considered in those types of models, there is also no uncertainty 
associated with a passenger’s expected transportation mode choice. Because of this, passengers 
who are similar are modeled to make the same travel mode choice. This is of concern because 
it does not closely resemble the world; often similar people will make different choices for no 
apparent reason. This results in variance of actual mode choice for each individual.  Traditional 
utility maximization methods cannot model this variance [71], which presents some challenges 
associated with validation of a traditional transportation mode choice simulation.  

 
The population of the NEC is a heterogeneous population. This means that it has several 

demographic variables unique to each member. As such, any simulation that seeks to predict 
the behavior of this population must also consider these demographic variables. Therefore, 
deterministic utility models fail to provide adequate predictions of travel demand [71] and an 
alternative type of model is needed. Therefore, another method of mode choice modeling was 
chosen.  

 
For a travel prediction model to accurately show mode choice demand, each passenger 

simulated must be a part of a heterogenous group of passengers. In addition, there are many 
variables that analysts do not have access to or are unable to consider when modeling demand 
for travel. This means that a stochastic component of the model is required. [71] This stochastic 
component is defined as the likelihood of a transportation mode being chosen by a passenger. 

 
When predicting demand of any transportation system, it is necessary to consider how that 

system compares to other transportation alternatives that are currently available on the market. 
This type of modeling is classified as Random Unit Modeling and is a type of econometric 
model. Transportation demand was predicted using a type of Random Unit Model known as a 
multinomial logit model.  

 
The multinomial logit model allows prediction of choices of individuals in a 

heterogeneous population. It is an expansion of the logistic regression model. As such, it 
considers the relationship between one dependent variable and multiple independent variables 
instead of the relationship between one dependent and one independent variable.  
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To quantify the likelihood of a passenger choosing a mode of transportation, utilities of 
each mode considered must be developed and calculated. Preferences for a discrete set of 
alternatives is measured by calculating the utility of each alternative. Because utility 
maximization is still the objective of the passenger, it leads to the simulated choice of the 
corresponding alternative. [72] In the simulation, each mode of transportation had a utility 
function associated with it. Due to the lack of available survey data, the team chose to use 
utilities developed in previous research that was conducted by Moeckel et. al. [71] These 
utilities were chosen because they allowed the team to consider several factors that influence a 
passenger’s decision to ride any mode of transportation that is available on the market. This 
allowed generalization of variable that affect transit systems, which also allowed the model to 
be expanded to consider predicted demand for a fixed Acela roadbed, new HSR or Maglev 
system.  

 
Figure 9: General Utility Function 

Once the utility of each mode under consideration is calculated, the respective probabilities 
of each mode of transportation being chosen can then be calculated. 

 

 

 

 
Figure 10: Calculating Likelihood of Choosing a Mode 

 
 The mode with the highest probability is then chosen. 
 

However, multinomial logit models alone do not predict the demand of a new system 
without error. One of these errors is known as the Independence of Irrelevant Alternatives (IIA) 
error. This is an issue because human behaviour rarely adheres to this theory. The IIA theory 
fails to consider similarities between each option available and consider how it affects human 
choices. “The ratios of probabilities for each pair of alternatives depend only on the attributes 
of those alternatives and not on the attributes of the third alternative and would remain the same 
regardless of whether that third alternative is available or not.  This formulation can be 
generalized to any pair of alternatives by:”[73] 
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Figure 11: Behavioural Relationship Between Two Alternatives 
 

“The IIA property may not properly reflect the behavioural relationships among groups 
of alternatives.  That is, other alternatives may not be irrelevant to the ratio of probabilities 
between a pair of alternatives. In some cases, this will result in erroneous predictions of choice 
probabilities. ”[73]  

 
Assumptions 
The team made the following assumptions when designing the simulation: 

- For transit systems, passenger pick up and drop off only occurs within simulated city 
pairs  

- Passenger uses roads to travel to/from stations 
- Travel population originates from and ends at considered city pairs only 
- Passengers do not have access to delay likelihood, only have access to the expected 

travel time published 
- Acceleration and deceleration times are equivalent for Maglev 
- Acceleration and deceleration times are equivalent for HSR  

 

Process 
 

To mitigate this problem, the team used a nested multinomial logit model approach to 
ensure that demand for a new system was predicted as accurately as possible. This mitigates 
the IIA problem because similar alternatives share unobserved attributes. [96] The nested 
multinomial logit model is different from the multinomial logit model because it also considers 
how a passenger chooses each category of transportation modes. The structure for this model 
is shown below. The modes of transportation considered in this model match the modes of 
transportation covered in this study. 

 

 
Figure 12: Nested Logit Structure [71] 

 
The first step in this model was to randomly generate a passenger’s trip purpose and 

license status. The random generation of trip purpose was based on historical data provided by 
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Moeckel et. al. [71] that shows the historical percentage distribution of trips taken for the 
purpose of business, personal travel, or commuting. The random generation of license status is  
based on historical data provided by the US Census that shows the average percent of the adult 
population in the US that has a driver’s license. A simulated passenger then chooses between  

Figure 13. Simulation Part 1 
 
automobile and public transportation options. If automobile is chosen, a passenger can then 
choose between drive alone and carpool depending on their license status. If public 
transportation is instead chosen, a passenger can choose between rail, plane or a new mode of 
transportation.1 In any case, demand for that mode choice is updated once a passenger’s choice 
has been evaluated. This process is shown in the figure below.   

 
 

                                                        
1 When simulating the No-Build design alternative used to establish a baseline for comparison, no new mode 
was added to the simulation. When considering the New Acela design alternative, the New Acela system 
replaced the old Acela system instead of adding a New Mode option.  
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To successfully model this process as a reflection of travel along the NEC, data of the travel 
population and utility functions were needed. Travel population estimates were gathered from 
the Northeast Corridor Intercity Travel study and was used to estimate the number of intercity 
person trips between DC and NYC. This was used as the input into Part 1 of the simulation.  

 
Utility functions were gathered from research that was previously conducted by Moeckel 

et. al. [71] These utility functions were used to calculate the probability of choosing any mode 
of transportation. These utilities were split into two types: high level and low level. The low 
level utilities were also split into two types: one for automobile travel, and the other for public 
transportation travel. The mode-specific variables considered in the low level utilities are in-
vehicle travel time (IVTT), out of vehicle travel time (OVTT), parking costs / ticket price, time 
needed to access the vehicle or station, and time needed to depart (egress) from the vehicle or 
station.  

,-,/,0 = 1 ∙ 34(5'(67,8,9) ∙ '(:8)) 

Figure 14: High Level Utility2 [71] 
 

 
Figure 15: Utility Options for Automobile [71] 

 

 
Figure 16: Utility Function for Transit Options [71] 

 
As stated previously, the demographic variables considered in this model were license 

status and trip purpose. Of all variables considered in this part of the simulation, OVTT, access, 
egress, license status, and trip purpose were varied. All other variables remained static. 

 
OVTT was varied by varying travel time within each city considered. To ensure 

accurate modeling of intercity travel along the NEC, city-pairs were considered. City-pairs 
consisted of the major cities located between DC and NYC, as shown below. 

                                                        
2	When calculating the high level utility, c represents the constant used to calibrate the model to reflect historical 
demand data.	



 

Page | 105  
 

 
Figure 17: City-Pairs 

 
Of the mode specific variables considered, OVTT, egress time, access time, and license 

status were varied. The rest of the mode-specific variables considered remained separate, 
constant values for each mode of transportation. 

 
OVTT was varied by fluctuating the expected travel time within each city. To simulate 

this accurately, time needed to travel within each city was varied by using Travel Time Index 
(TTI) values specific to each city. More specifically, TTI was chosen because it is a property 
of Travel Time Reliability. “Travel time reliability measures the extent of this unexpected 
delay. A formal definition for travel time reliability is: the consistency or dependability in 
travel times, as measured from day-to-day and/or across different times of the day… The travel 
time index represents the average additional time required during peak times as compared to 
times of light traffic.” [74] 

 
Furthermore, starting points within each city were generated using designated zones 

within that city. Once a city pair was randomly selected for the simulated passenger, a 
centralized point, represented by a zone, within that city was chosen. The city pairs and zones 
were randomized using Java’s built in random generation library. 

 
Using the TTI value and a random start/stop point within each city, OVTT was 

calculated for each mode of transportation available. When calculating OVTT for public 
transportation options, the total expected travel time to get from that starting point to the 
starting station was calculated and added to the total OVTT that a passenger would expect to 
experience. When calculating OVTT for traveling via automobile, the total expected travel 
time to get from the starting point to the highway entrance was calculated and served as the 
OVTT. This process is visualized in the figure below.   
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Figure 18: Travel Time 

 
Access and egress time were varied by using Java’s built in random variation library. 

License status was varied by using random variation and historical data. 
 
For transit options, IVTT was defined as the time that a passenger can expect to travel 

inside the plane or train car from the starting station to the ending station. For automobile 
option, IVTT was the expected time taken to travel from city to city. Travel within each city 
was added to the overall IVTT.  

 
Instead of using random variation, IVTT was calculated for each design alternative. 

The team used IVTT values taken from data3 for the transportation modes that are currently 
available. It is important to note that network and terrain analysis was out of scope for this 
project; so, IVTT estimation as calculated based on acceleration/deceleration times and top 
speed of Maglev and HSR. This calculation was performed on each station pair that exists 
between DC and NYC. These station pairs are outlined in Table 18.  

 
Segment Letter Railway Stations 

A Washington DC Union Station 
B BWI Marshall Thurgood Airport 
C Penn Station Maryland 
D Wilmington Station 
E Philadelphia 30th St. Station 
F Trenton NJ Station 
G Metropark NJ Station 
H Newark NJ Station 
I New York Penn Station 

Table 18: Segment Definitions 
 
 
 
 
 

  

                                                        
3	See	Design	Alternatives	Section	
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Calculation for segments over 22.24 

miles (All Segments for ICE 4) 
Accel/Decel 

Time: 5.4 minutes 
Top 
Speed: 186 

Subtract 12 miles and calculate time 
needed at rate of 143 mph 

Accel/Decel 
Distance: 11.12 miles (mph)   

  A-B 
B-
C C-D D-E E-F F-G G-H H-I SUM 

Distance (Miles) 30   69 25 33 34     191 
Minus 
Accel/Decel 
Period (12 Miles) 7.76   46.76 2.76 10.76 11.76     79.80 
Top Speed Time 
(Minutes) 2.50   15.08 0.89 3.47 3.79     25.74 
Time with 
Accel/Decel 
Periods 13.30   25.88 11.69 14.27 14.59     79.74 

Table 19: IVTT for HSR 
 

Calculation for segments over 12 miles 
Subtract 12 miles and calculate time needed at rate of 311 mph 

  A-B B-C C-D D-E E-F F-G G-H 
H-
I SUM 

Distance (Miles) 30   69 25 33 34 14   205 
Minus Accel/Decel 
Period (12 Miles) 18   57 13 21 22 2   133 
Top Speed Time 
(Minutes) 3.47   10.1 2.51 4.05 4.24 0.386   25.7 
Time with 
Accel/Decel Periods 8.19   15.72 7.23 8.77 8.96 5.11   53.1 

Table 20: IVTT for Maglev 
 
The IVTT for the New Acela Roadbed design alternative was estimated based on the 

total reduced travel time that occurs from DC to NYC. The team as able to estimate this based 
on a document published by Amtrak [93] that provided an estimate for the total travel time 
from DC to NYC. However, this document did not provide travel time estimates for each 
station pair. Because the acceleration rate was unavailable, and terrain and network analysis 
were out of scope, the team estimated these values by reducing the IVTT by 42.86%. This 
percent is equivalent to the predicted reduced travel time expected from DC to NYC.  

 

Discussion and Results 
 
 To establish a demand prediction that closely matches real world observations, the 
simulation was run for current transportation mode options. The results from this are shown in 
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the figure below and used as the lower bound of rail demand for other design alternatives 
considered.  

 

 
Figure 19: Predicted Demand for Current Infrastructure (Represents Lower Bound for Rail 

Demand)  
 

 
Figure 20: Predicted Demand for New Acela System (Represents Upper Bound for Rail 

Demand) 
 

This output serves as the upper bound for estimated the new Acela system demand. 
Bounded estimates of demand were used because this simulation has limitations that affects its 
ability to perfectly predict demand that matches real world occurrences. The team expects 
actual future demand to be within this range of predicted rail demand. 
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Additional demand was generated for the HSR and Maglev design alternatives. The 
demand for these alternatives increased to 88.1% and 89.6%, respectively.4  

 
In the multinomial logit model, relationships between each independent variable and 

the dependent variable can be observed individually to show how each variable impacts the 
likelihood of a mode choice being chosen. The results represent an extreme upper bound for 
the predicted demand of any new rail system. These results are further explored by showing 
the relationship between likelihood of mode choice and the variables considered in the utility 
functions. This is used to show how the probability of choosing a mode changes when the value 
of each mode attribute also changes. This analysis was conducted on IVTT, FOS, cost of trip, 
and OVTT.  

 

 
Figure 21: IVTT Sensitivity Analysis 

 
The graphs show a linear trend; as the weight of IVTT becomes less negative, the 

likelihood of choosing rail increases. This indicates that as cultural changes occur, if passengers 
start to care less about IVTT, demand for rail may increase.  

                                                        
4 It is important to note that these results are overestimates that represent upper bounds for predicted demand. 
This is further discussed in the limitations section. 
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Figure 22: FOS Sensitivity Analysis 

 
 At first look, the Sensitivity Analysis for FOS does not appear to follow a linear trend. 
When broken down further into purpose, personal travel appears to have the most significant 
linear trend.  This indicates that when passengers travel for personal purposes, FOS plays an 
important role in deciding which mode of transportation to use. 
 

 
Figure 23: FOS Sensitivity Analysis for Business 
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Figure 24: FOS Sensitivity Analysis for Commuting 

 

 
Figure 25: FOS Sensitivity Analysis for Personal Travel 

 
The graphs for cost and OVTT sensitivity analysis show similar trends as IVTT. 
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Figure 26: Cost Sensitivity Analysis 

 

 
Figure 27: OVTT Sensitivity Analysis 

 
 Overall, the graphs that show linear trends indicate the likelihood of rail being chosen 
when passengers change how they value each of those variables. This indicates how demand 
could fluctuate in the future due to cultural changes and how each variable currently affects a 
passenger’s decision to choose a rail system.  
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Limitations 
 

There were some limitations to this part of the simulation that occurred because of 
limited access to demand data, travel time predictions, and passenger preference data. 
Demand data for Maglev and HSR was unavailable because there is no current working rail 
system for either of these options. Therefore, demand predictions for these new systems is 
unable to be verified until that data becomes available.  

 
Although the team was able to produce a range of demand representing the upper and 

lower bounds of projected ridership, network analysis could be used to generate more accurate 
predictions. This type of analysis would have also helped produce more accurate IVTT 
calculations for each design alternative. However, this was outside of scope for this project.  

 
Having access to passenger preference data would have eliminated the need to use 

utility functions from previously conducted research. In addition, greater accuracy of predicted 
demand could be achieved if the utilities considered in part 1 considered more demographic 
data to reflect more important characteristics of the passenger that may influence decision 
making. 
 

7.3 Simulation Part 2: Frequency of Service 
 

Since the demand generated in the previous section for HSR and Maglev requires a 
frequency of service that is unsafe, these demand results did not move past part 1 of the 
simulation.  

 
Taking into consideration Amtrak’s projected growth from its daily demand of 

passengers, the Acela new system was simulated to determine the system capacity and the 
projected growth of ridership on the corridor.  It is important to note that Acela shares the rail 
line with other intercity trains company (Northeast Regional, NEC Special Trains) that run on 
lower speed. Repairing the actual infrastructure will not only benefits Acela and increase their 
higher speed, but also benefits other rail service providers along the corridor. Therefore, 
demand will be high, but Acela capacity might be constrained by the lower speed of other 
regional trains. To optimize the capacity on the new lines, Acela and other companies ought to 
run the find the optimal travel service that is to be provided under different speed alternatives 
and stopping. As this last part being outside of the scope of this project, this subject of the 
service optimality will not be approached for solving it, but rather, by how this could be done.  
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A- System Input 
 

1- Demand  
 

With an estimated 12 million ridership (Acela Express, Northeast Regional NEC Special 
Trains) during the fiscal year 2016, Acela’s share represents about 30% [79] which is about 
22,000 daily passengers.  

 
For the projected growth starting at year 1 of operation of the new Acela system, a 

conservative yearly ridership of 12 million, which is close in value to the lower bound of 
demand generated in part 1, was used to calculate this projection throughout the system life-
cycle of 50 years with 3% annual growth derived for the NEC population growth estimation.   

 
2- Travel Speed and Number of Seats 

 
The number of seat available is an integral part of the system capacity. Amtrak has received 

a loan of $2.5 Billion from the Federal Railroad Administration’s (FRA) Railroad 
Rehabilitation & Improvement Financing (RRIF) program, to acquire 28 trainsets, Avelia 
Liberty [80], that can seat 450 passengers, and which can reach a commercial speed of 165 - 
186 mph [81]. Although the Acela’s current roadbed will be repaired, and it is unrealistic that 
the new Acela can achieve a speed of 186 mph since the track will continue to be dedicated to 
other intercity and regional services. For a realistic approach, the simulation speed of this 
design alternative is 165 mph.   

The number of seats being in direct correlation with the load factor which is currently at 
70% for Acela, for a range of output, the load factor is varied from 60% - 80%.  

 
3- Frequency of Service  

The frequency of service for high speed trains, require meticulous planning and 
consideration. Piers Connor in his Journal, High Speed Railway Capacity, detailed the mapping 
process to avoid collision between trains operation and the acceptable level of frequency per 
hour. According to the author, “to prevent collisions, trains must be kept apart and, if they are 
moving on the same track in the same direction, there must be enough space between them to 
allow the second train to stop when the first train stops. This is often referred to as the “safe 
braking distance” and it forms a substantial part of train separation, which increases with speed. 
For safe train separation at line speed, the signalling system requires the braking distance 
(10000m) plus a contingency of a buffer zone between two trains moving at full speed. The 
buffer zone has been suggested as 300m. Perhaps this could be regarded as excessive but at 
360km/h it’s only 3s. There must also be an allowance for both driver reaction and signalling 
equipment response. These figures vary from source to source; the team has chosen to use 8s 
for driver reaction and a further 8s for equipment response under the plain line case, including 
train detection functions, transmission time and train response time. This adds a further 1600m 
to the train separation distance. An additional time of 10s should be added where turnout 
operation is included. We must include the train length of 400m. This gives us a total separation 
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distance between successive train fronts of 12300m. If two trains, both running at 360km/h 
(224 mph) were following each other at this distance, they would be 123s apart. This may be 
defined as the full speed, signalled headway, sometimes referred to as the “technical headway”. 
Thus, if all trains ran along the line at this speed and separation, the line could be said to have 
a capacity of 29.27 trains per hour. However, there are a number of issues that will reduce this 
number.” [95]   

 

Figure 28: Simple diagram demonstrating the distances required for safe train separation. The 
data used is discussed in the text. Graphics: Author.  

These spacing distances will be applied as well to our practical example of the NEC.  As 
noted previously, the Acela train on the NEC will be running a speed of 160 mph while its 
maximum speed is 185 mph, as for now, without a dedicated line, this speed could never be 
reached. This is well illustrated in the Utility Analysis section where the marginal utility to 
have such is not worth pursuing due to the $37 Billion cost associated with having HSR 
alternative vs. the $25 Billion cost for Acela. As result, to calculate the frequency of service 
with the generated population travel in the Java simulation,  a service time of 18 hours a day 
(6 am – 12 am) was set, with a service time that total 20 min that includes a 15 min boarding 
time and train preparation and a 5 min technical headway and variance.  

4- Validation Approach 
 

For our simulation validation, the team used the current Acela ridership alone and its 
frequency of service. During the 2016 fiscal year, Acela Express transported more than 3 
million (3,489,311—to be exact) passengers with a 1 service per hour when consulting its time 
table. The current Acela has 350 seats and travels on an average speed of 118 mph. From these 
inputs, the passenger transported was calculated. The result from this validate our MATLAB 
model that was to calculate the frequency of service.    
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5- Assumptions  
 

For our calculation purposes, some assumptions were made in regard to the number of 
seats. In a realistic operation, as the demand grows, Amtrak may respond by increasing the 
number of trains with higher seats capacity or traveling in coupling multiple trainset. These 
realistic real-world examples are difficult to model since the point in time when these decisions 
might be made are unknown. As result, for the simplicity of our calculation to the limit of the 
design team ability, the number of seats remained constant and train size is equal throughout 
the system life-cycle.  

 

7.4 Simulation Part 3: Rail System Capacity 
 

According to Connor “Railway capacity [is the] “line capacity” as the ability of a railway 
to carry a certain number of trains in one direction on one track over a certain period. It is 
determined by how many trains you can run on a track in this direction in an hour and is 
expressed as trains per hour (tph). It can also be described as “headway” - the time interval 
between successive trains...Line capacity will depend on train performance, the infrastructure 
the operating conditions. Looking at capacity for existing high-speed routes, we can see 
published ranges of between 12- 18 trains per hour [for exclusive high-speed lines in one 
direction].”[95] The number of trains per hours could also increase when mixed operation is 
available within a corridor—for instance NEC. The following section on “Further Study on the 
Frequency of Service (FOS)” reflect on the complexity of planning this type of service that 
will pose further constraint to Accela running a high-speed line in a mix traffic environment.  

 
 To construct the system capacity, the system input enumerated in the first part was used 
to calculate the system output (capacity). With the system input, the expected result from our 
simulation is to determine various system capacity under different scenarios, and the frequency 
of service, the number of trains needed for operation, and the potential growth projection. The 
system output then is used to calculate the economic feasibility of the design alternative chosen. 
Figure 29 shows the system output and input.  
 
 The limitation to this model involves the simulation of pair-cities (DC – NYC), without 
considering any stop between these cities, the performance of the train was simulated with a 
constant speed without a speed restrictions operation.   
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Figure 29 : System Input and Output 

 
1- Formulation Calculation  
- Demand is measured as the daily number of (one-way) passengers,  
- The supply is the number of seats offered every day from D.C to NY daily (or vice 

versa).  
- Key factors: Train Capacity and Frequency  
- The train capacity is the number of seats available on the new Acela Avelia Liberty 
- Line Capacity is measured in Daily and Yearly capacity of passenger transported.    
 
In order to calculate the system capacity, the number of services should be either fix or 

calculated. In this project, both approaches were taken. When determining the daily capacity, 
capacity without the initial population size, a frequency of service was set to 1 hour per hour 
to validate our model with the current Acela ridership of 1 service per hour. However, when 
the initial population size is known (Java Simulation output) the optimum frequency of service 
is calculated in part 2 and used as input into this part of the simulation. The formulation of the 
relationship between these variables are shown below: 

 
a- Denotations:  

;<=>?@	BC?D = E = 3%	HE	5%    
J<CKL	MND<C?K=L = 	O = 18	ℎH,ES 
T=C<UKLV	JKWD = 	X = 15	Y#4,Z'S = 0.25	ℎH,ES 
^CK_`	^DWCLU = ab#3cd	
e`f?DW	gKhD	i`j_D = Z 
^Kf?CLjD = k 
lmCK_Cn_D	eDC?f = lmfDC?f 
g=CU	oCj?=< = pkqr:stu 

i=WWD<jKC_	eNDDU = S 
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b- Formulas:  
The average seat capacity is the basis of our future calculation and this considered the 

load factor which will be varied from 70% to 80% and the seats number which is between 350 
and 450.  
vfDC?f	iCNCjK?` = gUhCj?=<	 ∗ 	lmfDC?f  
 

For instance, if the initial seat number is 450 and the load factor is 70%, then  
vfDC?f	iCNCjK?` = 	0.70 ∗ 450	 = 	315	seats 

The Total daily demand and the frequency of service correlate with each other. First, 
the daily service is found by dividing the daily demand over the average seat capacity and 
then the frequency is dividing that total daily service by the hours of operation. The 
relationship is as follow:  

J=?C_^^ = J=?C_	~�WnD<	=h	^CK_`	^DWCLU = 	
^CK_`^

vfDC?f	iCNCjK?`
 

h = ~�WnD<	=h	eD<mKjD	ND<	@=�< =
J=?C_^^

Ä
	 

For instance, let’s assume the daily demand is 22,000 passengers and the hours of 
operation is 18 hours, the frequency of service then calculated as follow  

Å = 	
ÇÇ,ÉÉÉ
ÑÖÜ

áà
 = 3.88 services per hour. This means that in order to move 22,000 passengers on 18 

hours operation time, 4 services per hour should be provided. Note that this assume that the 
operation is not in mixed operation (high-speed and conventional trains).  
 From the frequency of service, the period can be also calculated. The period shows how 
often passengers have to wait before the next departure. This is translated as follow:  
 

J = eD<mKjD	JKWD	KL	WKL�?Df = 	
â
h

 

From this we get: 	

ä = 	
1
3.88

= 0.25	ℎH,ES	HE	15	Y#4 

 
The total in vehicle time for a round trip is then summaries by adding the boarding time 

and the travel time. Each of these are multiplied by 2 since travel is symmetric.  
 
ã = 	J=?C_	J<CmD_	JKWD	(B=�LU	J<KN) = (å ∗ ç) + (å ∗ 	è) with 

è = J<CmD_	JKWD	 = 	
U
f

 

Based on this example and assuming travel speed of 186 mph, the distance travel as 227 miles 
and a boarding time of 15 minutes, the total travel time is: 

 

ê = (2 ∗ 0.33) + ë2 ∗ 	
227
186

ì = 3.88	ℎH,ES	HE	4	ℎH,ES 
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In order to get the number of trains that are needed to operate for a given demand, the 
formula is defined as 
               

î = J<CKL	~DDUDU = 	ã ∗ ï
å ∗ 	^CK_`^

ñÄ ∗ 	vfDC?f	iCNCjK?`ó
ò 

 
Note that demand is symmetric, as result, the daily demand is multiple by 2 for round trip.  
This is translated into  
 

ô = 	3.88 ∗ ö
22,000

(18	 ∗ 	315)
õ = 	3.88 ∗ ö

22,000 ∗ 2	
(5,670)

õ = 3.88 ∗ 7.760 = 30.11	HE	30	äEb#4S 

 
 

When the daily demand is not known, but the frequency of service is known, this can 
be seen in mixed operation where high speed trains have a particular window of time to operate 
on, the train capacity can also be calculated as follow:  

	
ú = J<CKL	iCNCjK?` = å ∗ 		h	 ∗ 	Ä ∗ 		vfDC?f	iCNCjK?` 

For this example, let’s assume the frequency of service is 4. This means that the capacity of 
passengers that potentially could be transported for a round trip is:  

ú = å ∗ 	ù		 ∗ 	âû	 ∗ 		üâ† = ù†, ü°¢	NCffDLVD<f 
 

Population Growth is formulated in term of current capacity or initial demand and the 
rate of change in population which can be written as follow:  

 
N=N�_C?K=L	eK£D = (	? − â) ∗ (â + <) 

 
This is developed further in the simulation code.  
 

B- Results  
In order to simulate our system capacity, MATLAB was used to get the expected results. The 
appendix section of this report includes the MATLAB code formulation used to get our system 
output.  
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1- Basic Daily Capacity Outputs   

 

 
 

Static Input 
  

Results based on 
different dynamic 
Input of the Load 
Factor 

Results 

60% 
Capacity 38,880 

Number of Seats 450 Seats 
Train 
Needed 

28 

Speed 160 mph 

70% 

Capacity 45,360 

Frequency of 
Service 4 services / hour 

Train 
Needed 28 

Train Operation 18 hours 

75% 

Capacity 48,600 

Boarding and 
Train Preparation 

20 min or 0. 33 
hours 

Train 
Needed 
  

28  

 
Table 21: System Capacity with the frequency of Service 

 
As it is been observed in Table 21, system capacity changes depending on the load 

factor while the train needed for service is constant. With a constant frequency of service, the 
number of trains is more predictive as well as the capacity. It is to be noted that the capacity is 
based on round trip.  

 
When the frequency of service is determined by the passenger demand, it follows the 

square root principle illustrated in Figure 29. The simulation of this could be complex as this 
implies the use of optimality which will be covered in the further study section of this report. 
The MATLAB output in Table 22 gives the frequency of service and train needed when 
demand (moveable passenger) is known. To solve for the frequency of service and trains 
needed for service, the daily passengers from Amtrak estimates are used. Taking a range of 12 
Million to 20 million passenger a year give a range of daily passengers of 33,000 to 55,000 
passengers daily. For simplicity, a single load factor of 70 % (from Acela current Load factor) 
was used in this case. Table 22 shows the result of the trains needed under different daily 
capacities. As it can be observed in Table 22, the train needed varies and this is because in this 
type of service, the is not a unique train services operator is not static, there are multiple 
operators and multiple lines.  
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In sum, for the simulation of capacity, the team worked on the estimated number of 
daily ridership from DC-NY based on Intercity Travel Data provided by the NEC Commission 
and the Java output. This estimated travel population will be used to forecast the future demand 
of the proposed design alternative. These basic calculations are going to be the basis for 
evaluating these the system capacity over the system life cycle. 

 
 

 
 

Table 22: Number of Trains Needed 
 

 
Figure 29: The Relationship between capacity and travel demand according to the square root 

principle [83] 
 

Static Input 

Results based on 

different dynamic 

Input of the Daily 

Capacity 

Results 

33000 

Train 

Needed 
20 

Number of Seats 450 Seats Frequency  6 

Speed 160 mph 41000 

Train 

Needed 
25 

Load Factor 70% Frequency  7 

Train Operation 18 hours 
55000 

Train 

Needed 
34 

Boarding and 

Train Preparation 

20 min or 0. 33 

hours 
Frequency  10 
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Train stopping planning plays an important role in linking demand and supply. In HSR 

service planning, the most common services are express services, all-stop, and skip-stop. It has 

been established in this report that on the NEC, Acela Express has 9 stops, while the Northeast 

Regional has 22 stops.  In order to plan the New Acela Express service, the 9 stations have to 

be taken into consideration. First, a decision has to be made on which stops to skip during 

express service and when a stop has to be made on all the 9 stations. In doing so, limitations 

such as capacity, operation cost, and station design should be considered.  

 

After the above consideration, train stopping pattern model is formulated as a mixed integer 

programming problem (MIPP) where the objective will be to minimize the total passenger in-

vehicle time and subject to travel time constraints, passenger service constraint (passenger 

select a pattern on the basis of shortest path and time saving), and the number of stopping 

patterns constraint (provided by operator—Acela). The second formulation is the train 

frequency model as a mixed integer programming problem. The objective of this second 

formulation is to maximize operator profit minis passenger total travel cost. This objective is 

then subjected to the line capacity and train capacity constraint, train frequency constraint 

(minimum per hour), conservation of passenger flow constraint, minimum and maximum 

passenger flow constraint, and transfer ratio constraint (provided by operator). [84]   

 

Acela mixed service could look like the following diagram based on the Taiwan HSR Case 

Study:  

 

Items  

Stations 9 Stations 

Intermediate Stations 7 

Number of stopping patterns 27 = 128 

Types of patterns offered by 

Acela HSR 

Totally has 4 types  

Mostly adopts 2 types  
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Combination of possible 

stopping patterns  

 

•¶
áßà = 10,668,000 

 

The solution to these equations and the train frequency needs a deeper look that could be a 

subject of an entire study that is beyond the scope of this project. Further documentation on 

this work is documented in the International Perceptive Railway Operations Research (2017) 

by C.S James Suen, Ph.D and S.K. Jason Chang, Ph.D.   

 

2- System Capacity with Population Growth.  

 

1st Case: Acela Current Projection Growth  

The goal of this case is to determine how many people Acela could transport under the 

current 1-hour service time when considering 3% growth as we have seen in our model 

validation.   

 

Figure 30: Train Needed, Static Frequency of Service: 1 Services/hour  

 



 

Page | 124  
 

 

Figure 31: Annual System Capacity: Start at 3 Million to 13 Million Passengers 

 

 The Figures 30 and 31 show that with the current trend of 1 FOS per hour, Acela will 

be able to move 3 million people (historical data) and with a projection of 3% growth, this 

number will increase to 13 million by the end of 50 years and 38 trains will be needed to service 

the population growth.   

 

2nd Case: Acela Projected Growth Under the New Rail System  

 In this scenario, the new system growth is projected to 50 years to see what the capacity 

will be. This result represents the new high-speed seat that will be available for Acela system.  
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Figure 32: Acela Rail System Capacity  

 As shown in Figure 32, the new system will be able to accommodate about 35 million 

potential riders during the system life-cycle. However, the estimate showing in Figure 6 is the 

upper bound of the ridership (from part 1), in order for this to be met, Acela has to expand it 

network since the headway separation between train is at 2 min compared to the recommended 

5 min in high-speed travel.  

   

Summary:  

A study published by the University of Pennsylvania in Spring 2010, had zoomed in 

the Amtrak ridership projections. Although not clear what were the constraints and the input 

of the study projections, they authors have estimated a ridership low scenario of 37 million 

with a high scenario of 44 million by 2040. [94]  

 

Case 1 and Case 2 produce mathematically the same output. Since having a set 

frequency of service eliminate the need of knowing the initial ridership population, the Case 2 

produces the most probable future outcome.  

 

3- Train Needed Under Different Seats Capacity and Potential Growth under Some Initial 

Assumption Projections.  
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Figure 34: Varying Number of Seats to Calculate Trains Needed (Lower Bound Ridership) 
 

 
 
Figure 35: Varying Number of Seats to Calculate Trains Needed (Upper Bound Ridership) 
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Figure 36: Ridership Growth Based on Population Growth  
 
 

 
 
Figure 37: Ridership Growth Based on Population Growth 
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1- Limitations  
 

 The above calculation that resulted in the number of trains assume a perfect service that 
is not impacted by delays nor breakdowns or any mechanical issues that could be resulted in 
the trains being stationed for service. This being unrealistic and not being able to find during 
the course of this research any mitigation plan on this regard, the team has decided to add 20% 
of the number of trained needed to the total number of trains needed.  
As result, the formula to get the total train needed will be the following 
 

î® = J<CKL	~DDUDU® = î + (¢. å¢ ∗ î) 
 

This equation being subjective and one dimensional without any mathematical basis, 
will not be integrated into the model for determining the number of trains needed, rather the 
equation will be referred to in the cost analysis. 

 

Testing 
 
 To verify part 1 of the simulation, output from the current infrastructure seen in Figure 
38 was compared to historical travel demand data taken from the NEC Intercity Travel Study 
[22]. Because the simulation output was at least 95% accurate, this part of the simulation was 
verified.  

 
Figure 38: NEC Intercity Travel Study [22] 

 
 

To validate the results from Part 2, the team has used the current Acela numbers for 
validation. Currently, the seats number available on Acela is 350, with a travelling speed of 
118 mph and 1 service per hour. On these parameters, Acela has transported 3 million 
passengers in 2016. 
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With these inputs, MATLAB generated a yearly passenger moved of 3,219,300 for a load 
factor of 70% and 3,449,250 for a load factor of 75%. Comparing these with the historical data 
of 3,489,311 under the average load factor of 69% from Acela, it can be concluded that the 
approach taking for this calculation is accurate with 99% accuracy within 6% of historical load 
factor.  
 

ACELA HISTORICAL DATA (2016) 

Frequency of Service per Hour Load Factor Annual Ridership 

1 69% 3,489,311 

  

ACELA SIMULATION RESULTS  

Frequency of Service 
per Hour 

Load 
Factor 

Annual 
Ridership 

Accuracy with 
Historical Data 

1 

70% 3,219,300 92% 

75% 3,449,250 99% 

  
Table 23: Verifying FOS Calculations 

 
 
 Table 24 shows the results of the test procedure used to verify the simulation. Because 
all simulation requirements were met, the simulation was able to be verified. 
 

Req. ID Eval 
Type 

Test Procedure Pass/Fail 
Criteria 

1 Analysis Compare the amount of 
demand for each system from 
the simulation with the 
historical data. 

Comparison 
should be a 
95% match.  

2 Analysis Compare the predicted 
demand to the estimated 
system capacity. 

Predicted 
Demand <= 
Capacity  
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3 Analysis Compare the minimum 
headway time requirement 
and route capacity of the rail 
system.  

Min 
simulated 
time >= min 
safe time of 5 
min 

Table 24: Simulation Test Results 
 
 

Conclusions 
 After extensive analysis of each design alternative considered in this study, it is shown 
that Maglev has an advantage over the other design alternatives in terms of technical aspects 
and user friendliness; however, it has a disadvantage in the areas of technical readiness and 
economical aspects. HSR and the New Acela option have similar values in almost all 
categories. The only two categories that differ are the safety and economical categories. This 
is visualized in the figure below. 

 

 
Figure 39: Ranking of Design Alternatives  

 
 The team recommends fixing the current Acela roadbed. This is the only design 
alternative that satisfied the mission requirements, and it offers the highest marginal utility 
along with the lowest cost. The utility, cost, break-even range, block time, and test results are 
shown in the tables below. 
 
 
 
 
 
 
 
 



 

Page | 131  
 

  
Utility 

0.769 

Cost $25 Billion  

Break-Even Range (Years) 11 years ≤ Break-Even Point ≤ 21 years 

Block Time 3h 15 min (DC – NY) 

Table 24: Overview of Utility vs. Cost of Fixing Acela Roadbed 

 
Figure 40: Improved Blocktime 
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M.R. 
ID 

Measurement Test Procedure Pass/Fail Criteria Result 

MR. 1 Comparison of Actual 
Simulation  
Result to Upper 
Bounds (70% 
Capacity) 

Vehicle capacity is 
simulated over time. 

Capacity < 70%  
 
 

Pass 

MR. 2 Comparison of Actual  
Result to Upper Bound 
(90) 

In-vehicle travel time 
is calculated using 
simulation. 

Passenger Travel Time <= 
90 minutes 

Pass 

MR. 3 Comparison of Actual 
result to regulations 

Analyze the proposed 
system design to see 
that regulatory 
requirements are 
fulfilled. 

Federal transportation 
regulations are met 

Pass 

 
Table 25: MR Test Results 

 
Furthermore, the team has proposed a plan that includes a public-private partnership to fund 
the recommended system. This plan is described in the next section of this report. 
 

Northeast Corridor Mass Transportation Public-Private Partnership (PPP) 
Proposed Plan 

  
From the utility function, it was clearly shown that Acela is the best alternative for the 

NEC on the basis of Cost versus Utility. This section will move forward on that decision and 
expand on the types of components and expenditures needed to complete this investment.  

 
Among the options considered, Acela is the slowest high-speed ground system, 

reaching about 155 – 160 mph. Alternatively, HSR can reach 185 mph and Maglev can reach 
280 mph. These last two options will considerably reduce the total block time of a passenger 
in comparison to Acela. Achieving greater speed is important in high-speed travel. However, 
achieving speed greater than 185 mph also increases the noise level, and results in higher 
operating costs and can introduce other technical problems that are not present when traveling 
at a speed of 160 mph.  

 
For practical application, the blocktime of the new Acela system is 30% lower than the 

total block time of Air Travel. Given that the new Acela system will be the fastest option when 
traveling from DC – New York, there is no need to improve the speed of 160 mph to an arbitrary 
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220 mph that has been previously established. Thus, moving forward with the Acela 
Alternative is reducing the cost of implementation. Moreover, the choice of Acela was justified 
by the fact that the primary goal of this project is to increase the available high-speed seats as 
established in the Gap Analysis section. Also, speed does not impact the total movable number 
of people as established in the System Capacity Section of this report. As such, the present 
recommendation is to invest in repairing the Acela roadbed. 

 

 
Table 26: Transportation Impact of HSR [85] 

 
Air travel presents a much higher comfort to passengers compared to the current 

available transport on the NEC. In 2015, 6% and 62% of the traveling population of 9 million 
have used Plane and Automobile respectively, to connect the two city pairs (DC-NY). [22] The 
experience of other countries with HSR network shows that HSR is competitive with air and 
automobile which relieves the congestion caused by road and air transportation. These benefits 
are shown in Table 26. In order for Acela to compete and get a much higher market share, the 
new Acela trains and track have to maintain stability and comfort of passengers while the train 
is running at higher speed. Also, the new train will need to have the ability to make safe stop, 
avoid sharp increase in train operating cost, and track maintenance costs; and avoid an increase 
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in noise and vibration to areas adjacent to the line. This can only be achieved by “building 
tracks that avoid tight curves; increasing the distance between axles in the bogies to help 
maintain stability and placing the bogies between carriages (and not at the ends of each 
carriage) to reduce weight by halving the number of bogies required to carry the carriages; 
improving stability by preventing the cars from pivoting away from one another on curves; 
designing aerodynamic trains to reduce drag and shaping the train in a way that reduces the 
noise and vibration it induces; and using lighter and stronger materials. In addition, the higher 
speeds required improvements to the signalling systems, the introduction of automatic 
braking/decelerating systems to improve safety, and changes in the operation of trains, e.g. the 
need to replace roadside signals with signals inside the driver’s cab since at high speeds the 
trains passed the roadside signals too fast for the driver to see them. As is clear, higher speeds 
come with significantly higher investment costs, and challenges related to safety and various 
technical aspects”. [85] These requirements are achievable by re-evaluating FRA requirements 
on trains that operate in USA (i.e. Buy America Provision [87]) to make these requirements 
more similar to those of European countries which have safe and reliable high-speed rail 
systems. 

  

  

Models of Public-Private Partnership (PPP) 
  

Public-Private Partnership (PPP) are arrangements where the private sector firms or 
investors and the government share in project’s risks, investments, responsibilities and rewards. 
The PPP plays an important role in the realization of big investment projects such as a rail 
system which, as seen in the Economic Analysis section, is only expected to generate a positive 
cash flow after a decade or two. Many transit systems are unprofitable throughout their lifetime, 
but they provide a service that can bolster the greater economy. As such, the Public-Private 
Partnership model can help mitigate the risks of the system while diffusing the capital cost of 
the system. 
  

Today, the NEC is the best-positioned corridor in the nation to maintain and generate 
revenue from the operation of a high-speed line due to the corridor population growth and 
future potentials. In fact, “ever since this NEC service opened, air travel from Washington to 
New York has lost 75% market share to high-speed rail. In a country where traveling by road 
or air are more common than passenger rail, the NEC proves that high-speed rail is a pertinent 
transportation mode, and that it is attractive, reliable, and profitable”. [88] 
 

The PPP models however faces some challenges on the NEC corridor since this corridor 
is intertwined with Amtrak. “The NEC Commission is governed by a board comprised of one 
member from each of the NEC states (Massachusetts, Rhode Island, Connecticut, New York, 
New Jersey, Pennsylvania, Delaware, and Maryland) and the District of Columbia; four 
members from Amtrak; and five members from the U.S. Department of Transportation (DOT). 
The Commission also includes non- voting representatives from four freight railroads, states 
with connecting corridors and several commuter operators in the Region.” [22] 
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The first decision to implement the PPP is political—Congress has to separate the NEC from 
Amtrak so a Request for Information could be issued to the private sector and this will open a 
bidding process where investors/developers would propose a possible way of implementing 
Acela roadbed in the NEC. This process is documented in Taiwan.   “The case of the HSR 
project in Taiwan is a good example of modern PPP models. The THSRC (Taiwan HSR 
Corporation) was selected to build and finance the project because its proposal did not include 
any request for government support. According to Figure 1, the Government was in charge of 
infrastructure improvement, administration and supervision, while the main design, 
construction, operation and maintenance works are the responsibility of the private sector. The 
share of the government is only 21 percent. Compared to the traditional models, the 
government involvement in the project is pretty small.  
 

Figure 1:Scope of Work in Taiwan’s HSR Project  
 

Another example is a project in Brazil. Apparently believing the claims that high-speed 
rail is profitable, the Brazilian government set about planning a line connecting São Paulo to 
Rio de Janeiro stipulating that private investors would build the infrastructure and operate a 
line, at their own risk. The winning bidder in Brazil would have been granted a 40-year 
concession and would have been required to provide substantial funding toward more than $20 
billion in capital cost. If the international experience of project cost inflation holds in Brazil, 
the total investment cost of this HSR line could double and escalate to $40 billion. Anticipating 
this, and to secure the interest of the taxpayer, the government has required that any cost 
overruns also be paid by the winning bidders, the private sector” [85]. 
 

With the decision to dissociate Amtrak from the NEC operation, this gives the private 
investor the freedom to write a viable plan on how to operate high-speed line on the corridor. 
This freedom of operation consists of defining stations to be served and not served without 
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political interference and serious review of the federal government of how existing regulations 
and policies impact the construction and operation of high-speed lines.  

 
As seen during the course of this study, Amtrak’s finances are very opaque and lack 

any traceability. All funding and operating cost are blended together with other services and 
difficult to do any thorough analysis on cost. The new Acela line possesses a certain difficulty 
to evaluate costs and the proposed new roadbed line absolutely lacks any transparency thus 
conducting an independent study on that design alternative (HSR). Dissociating NEC 
Commission from Amtrak will give room for transparency and risk evaluation for a potential 
private sector bidder. Like the example from Taiwan and Brazil, the business model to be 
presented and accepted will have to include the least amount of federal subsidy (small 
government involvement).  

 
The cost-benefit analysis provided in this report should be carefully analysed, as well 

as the reasons underlying the choice of the commercial speed of Acela to be at 160 mph. Any 
proposed speed above the 160 mph should include a thorough survey of riders and an outside-
the-box perspective that asks and answers the questions: “how much speed is enough? In other 
words, how much of an improvement in trip times is worth investing in? Would adding HSR 
express trackage in the existing Amtrak-owned right of way be “good enough”—together with 
other physical and policy changes—to attract significant new ridership? And how much would 
NEC rail travellers pay for various reductions in trip time?” While these questions have been 
considered, scope limitations have left them unanswered. [86] 

 
For many decades, the United States have been exploring the implementation of High-

speed rail. Some states such as California, Texas, and Florida have made considerable effort, 
although none have yet to construct a functional high-speed rail system. With tight Government 
budget constraints, the PPP model is inevitable in implementing a true high-speed line in the 
USA. This will tremendously reduce the burden on states and federal governments to allocate 
public funding to these projects and will give the opportunity to the private sector to have a 
proactive position in managing the operations of the Acela HSR project on the NEC.  

 
While this report only introduces the idea of the PPP on the NEC case, there is definitely 

a need to explore this topic in more depth, should the project move forward. 
 
 
 

Table of Public-Private Partnership Models [85]
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Models Ownership Responsibility and Payment Types Risks Duration Pros and cons 

Management Contract 

The public retains 
the ownership of 

facility and 
equipment 

The private is provided specified 
responsibilities concerning a 

service. The private contractor is 
paid a fee which is performance 

based 

-Supply or 
service 
contract                       

-Maintenance 
management 

contract                           
-Operational 
management 

contract 

The private sector is 
generally not asked to 

assume commercial risks 

Short period 
from two to five 

years. Longer 
when large and 

complex 
operation 
facilities. 

May not offer enough incentive for efficiency 
improvement 

Turnkey 

  

The private contractor selected 
through a bidding process designs 
and builds a facility for a fixed fee, 

rate or total cost 
  

The contractor assumes 
risks involved in the 

design and construction 
phases 

Short-term 
contract 

There is no strong incentive for early 
completion of a project 

Affermage/Lease 

  

An operator(the lease holder) is 
responsible for operating and 
maintaining the infrastructure 

facility and services, but generally 
the operator is not required to make 
any large investment. Under a lease 

the operator retains revenue 
collected from customers/users of 
the facility and makes a specified 

lease fee payment to the contracting 
authority. Under affermage, the 

operator and the authority share the 
revenue from customers/users. 

  

The government 
maintains the 

responsibility for 
investment and thus bears 

investment risks. The 
operational risks are 

transferred to the 
operator. 

15 - 30 years 

The model is always applied in combination 
with other models. In such a case, the contract 

period is generally much longer, and the 
private sector is required to make a significant 

level of investment. 
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Concessions 

The government 
may retains the 

ultimate ownership 
of the facility and/ 
or right to supply 

services 

The government defines and grants 
specific right to an entity (usually a 

private company) to build and 
operate a facility for a fixed period 
of time. The government may retain 

the ultimate ownership of the 
facility and/or right to supply 

service. In concessions, payments 
can take place both 

ways:concessionaire pays to 
government for the concession 

rights and the government may also 
pay the concessionaire, which it 

provides under the arrangement to 
meet certain specific conditions.   

Under Franchise, the 
private sector carries 
commercial risks and 

may be required to make 
investments.Under BOT, 
the private sector builds 
an add-on to an existing 
facility or completes a 

partially built facility and 
rehabilitates existing 

assets, then operates and 
maintains the facility at 

its own risks for the 
contract period 

Range between 
5 to 50 years 

Usually, such payments by government may 
be necessary to make projects commercially 
viable and/or reduce the level of commercial 
risks taken by the private sectors, particularly 

in the initial year of a PPP programme in a 
country when the private sector may not have 

enough confidence in undertaking such a 
commercial venture. 

Private ownership of 
assets 

In some cases the 
public sector may 
relinquish the right 

of ownership of 
assets to the private 

sector 

The private sector remains 
responsible for design, construction 
and operation of an infrastructure 

facility. 

-Build-Own-
Operate(BOO)                                  

-Private 
finance 

initiative(PFI)                          
-Divestiture 

PFI projects bear direct 
financial obligations to 

government in any event. 
In addition, explicit and 

implicit contingent 
liabilities may also arise 
due to loan guarantees 
provided to lenders and 

default of a public or 
private entity on non-

guaranteed loans. 

  

As the same entity builds and operates the 
services, and is only paid for the successful 

supply of services at a pre-defined standard, it 
has no incentive to reduce the quality or 

quantity or the service. Compared with the 
traditional public sector procurement model, 

where design, construction and operation 
aspects are usually separated, this form of 

contractual agreement reduces the risks of cost 
overruns during the design and construction 

phase or of choosing an inefficient technology, 
since the operator’s future earning depend on 

controlling costs. The public sector’s main 
advantages lie in the relief from bearing the 
costs of design and construction, the transfer 
of certain risks to the private sector and the 

promise of better project design, construction 
and operation. 
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Management 
  
In this section of the report, the work breakdown structure (WBS), the project budget, 

project risk, earn value (EV), cost performance index (CPI), schedule performance index (SPI) 
and the critical path are documented.  

 
The group has used Microsoft Project to maintain the project schedule and used Excel 

software provided by Vertex42.com to calculate the project EV, CPI, and SPI.   
The above indicates that the current project is on schedule and under budget.  
 

6.1 Work Breakdown Structure  
The WBS top level of structure is breakdown in nine (9) different categories.  

 1.1.       Management  
1.1.1.     Timesheet 
1.1.2.     Weekly Reports 
1.1.3.     E-mail Communications 
1.1.4.     Meetings with Team, Professors and sponsor  
1.1.5.     WBS Management  
1.1.6.     Budget 
  
2.1.       Research  
2.1.1.     Background 
2.1.2.     Context Analysis  
2.1.3.     Data Gathering  
2.1.4.     Metropolitan Studies  
2.1.5.     Northeast Corridor  
  
3.1.       Statement of Work 
3.1.1.     Problem Statement  
3.1.2.     Statement of Need  
3.1.3.      Stakeholders Analysis  
3.1.4.     Gap Analysis  
3.1.5.     Design Alternatives  
4.1.       System Requirement  
4.1.1.     Mission Requirements 
4.1.2.     Functional Requirements  
4.1.3.     Simulation Requirements 
4.1.4.     Design Alternative Requirements  
4.1.5.     Criteria Evaluation  
 5.1.       System Analysis 
5.1.1.     Transportation Analysis  
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5.1.2.     Quantitative Analysis  
5.1.3.     Utility Function  
5.1.4.     Sensitivity Analysis 
  
6.1.       Simulation Framework  
6.1.1.     Modelling 
6.1.2.     Recommendation 
6.1.3.     Concept of Operation  
  
7.1.       Testing  
7.1.1.     Debugging 
7.1.2.     Design Verification  
7.1.3.     Design Validation  
7.1.4.     System Validation  
  
8.1.       Trade-off Analysis 
8.1.1.     Feasibility Risk Assessment  
8.1.2.     Business Analysis  
8.1.3.     Cost Analysis  
8.1.4.     Break-Even Point  
  
9.1.       Documentation   
9.1.1.     Presentations 
9.1.2.     Project Briefings  
9.1.3.     Reports 
9.1.4.     Competitions 
9.1.5.     Final Report 

 

 
Figure 28. Work Breakdown Structure of NEC Mass Transportation System Analysis Project 
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6.2 Project Critical Path  

  
 This project started on August 30, 2018 and end on May 9, 2019 with the submission of the 
Final Report.  These tasks represented the major assignment that were critical to successfully 
complete this project.  
 

 
Figure 29. Critical Path of NEC Mass Transportation System Analysis Project 

  

6.3  Project Budget  
 

The project budget is calculated using an hourly rate of $59. The total budgeted hours 
on this project is calculated to be 2300 hours assuming the team of four (4) engineers are 
putting a minimum of fifteen (15) hours a week over the period of nine (9) months effort of 
this project.  

  
Earned Value Management--Planned and Actual    

The project earn value is calculated based on the number of hours required to complete 
each task on the WBS.  
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  Planned Actual Difference 

Management  $  19,960.00   $11,534.50   $            8,425.50  

Research  $    8,850.00   $21,889.00   $         (13,039.00) 

Statement of Work  $    2,950.00   $  1,652.00   $            1,298.00  

System Requirement  $    5,310.00   $  1,652.00   $            3,658.00  

System Analysis  $    7,670.00   $  7,422.00   $               248.00  

Simulation Framework  $  40,000.00   $16,549.50   $          23,450.50  

Testing  $    2,360.00   $     295.00   $            2,065.00  

Trade-Off Analysis  $  23,600.00   $  3,422.00   $          20,178.00  

Documentation  $  25,000.00   $30,963.20   $           (5,963.20) 

   $135,700.00   $95,379.20  70% 

 
Table 6. Project tasks - budget 

At the beginning of this project, a total of 2300 hours were budgeted with a total cost of 
$135,700. At the end of this project, only 70% of the budgeted resources were used. The team 
has spent less than originally proposed.    
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 Table 7. Cost Analysis of NEC Mass Transportation System Analysis Project  

 
Figure 30 shows the cost analysis over the entire project Cycle (September 2018 - May 2019).  
  

 
Figure 30. Earned Value Management - Planned and actual 

  
6.4  CPI/SPI  

  
This graph represents the project cost performance index (CPI) and project schedule 

performance index (CPI) for the entire project Cycle (September 2018 - May 2019).  
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Figure 31. Performance index  
 
 

6.5 Project Risk Management  
  

The Risk Priority Number (RPN) was used to assess the project risks. The RPN is 
defined as the product of severity, occurrence(likelihood) and detection which has a scale from 
1 to 10.  

From Table 8, failure to find data and meet deadline are two (2) main critical risks 
which could delay the outcome of the project. As result, One way to mitigate this risk is to 
periodically check with the project sponsor and plan work ahead of schedule. The availability 
of team member and project scope are another risk area that could affect the project progress. 
However, these could be easily mitigated by regular communication and scope evaluation as 
the group progresses in the project. The two lowest risks that would be easily mitigated are 
lack of communication with stakeholders and unforced programming errors in testing. 
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Table 8. Project Risks and Mitigation 
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APPENDIX: 1: High-Speed Rail Braking Performance  
 
 
 

 
Figure 7: Plot of high-speed train run between Tianjin and Beijing on 30 June 2011 using GPS tracking[59] 
 
 It shows an average acceleration of 0.46 m/s2 up to 150km/h and 0.13m/s2 up to 330km/h. 
Braking averages at 0.4 m/s2 . 
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Appendix 2: Survey Results Documented by D. Ziemke, [58] 

Environmental Aspects 

The below criteria are all part of the category "Environmental Aspects". Please determine for 
each criterion how important you consider it when comparing different high-speed rail 
systems in terms of environmental aspects.  

Note: The values you assign do not have to perfectly match the text descriptions (e.g. "very 
important"). Since the results will be normalized later, the RELATIVE IMPORTANCE 
between the different features is most important.  

  

Environmental Aspects 
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0.0%        
(0) 
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(2) 
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(4) 

18.2%    
(4) 

40.9%    
(9) 

13.6%    
(3) 22 

Noise Emission 0.0%        
(0) 

0.0%        
(0) 

4.5%    
(1) 

40.9%   
(9) 

27.3%   
(6) 

27.3%    
(6) 

0.0%        
(0) 22 

Interference with Natural 
Environment 

0.0%        
(0) 

0.0%        
(0) 

4.5%    
(1) 

36.4    
(8) 

13.6%    
(3) 

27.3%    
(6) 

18.2%    
(4) 22 

Land Consumption 0.0%        
(0) 

0.0%        
(0) 

27.3%   
(6) 
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(6) 
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(6) 

18.2%    
(4) 

0.0%        
(0) 22 
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(1) 
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14.3%   
(3) 
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(0) 21 

Pollutant Emission 0.0%        
(0) 

4.5%    
(1) 
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(0) 
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(7) 
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(2) 

31.8%   
(7) 
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(5) 22 
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Economical Aspects  

The below criteria are all part of the category "Economic Aspects". Please determine for each 
criterion how important you consider it when comparing different high-speed rail systems in 
terms of economic aspects.  

 

Economical Aspects 
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(2) 

4.5%    
(1) 

9.1%    
(2) 

13.6%    
(3) 

45.5%   
(10) 

18.2%   
(4) 22 

Chances to Acquire Grants 0.0%        
(0) 

0.0%        
(0) 

4.5%    
(1) 

9.1%    
(2) 

27.3%   
(6) 

36.4%   
(8) 

22.7%   
(5) 22 

Passenger 

The below criteria are all part of the category "Aspects of User Friendliness". Please 
determine for each criterion how important you consider it when comparing different high-
speed rail systems in terms of aspects of user friendliness.  
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(8) 

28.6%   
(6) 
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(6) 21 

Comfort 0.0%        
(0) 

0.0%        
(0) 

4.8%   
(1) 

33.3%   
(7) 

33.3%   
(7) 

23.8%    
(5) 

4.8%    
(1) 21 
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Technical Aspects  

The below criteria are all part of the category "Technical Aspects". Please determine for each 
criterion how important you consider it when comparing different high-speed rail systems in 
terms of technical aspects. 

Technical Aspects 
U

ni
m

po
rta

nt
 (0

) 

H
ar

dl
y 

Im
p o

rta
nt

 
(1

)  

So
m

ew
ha

t 
Im

po
rta

nt
 (2

)  

Im
po

rta
nt

 (3
)  

M
or

e 
Im

po
rta

nt
 (4

) 

V
er

y 
 Im

po
rta

nt
 (5

) 

Ex
tre

m
el

y 
Im

po
rta

nt
 (6

)  

Re
sp

on
se

s  

Braking Performance 0.0%        
(0) 

0.0%        
(0) 

10.0%   
(2) 

45.0%   
(9) 

5.0%   
(1) 

30.0%   
(6) 

10.0%   
(2) 20 

Train Weight 0.0%        
(0) 

5.0%   
(1) 

15.0%   
(3) 

45.0%   
(9) 

20.0%   
(4) 

10.0%    
(2) 

5.0%     
(1) 20 

Wear and Degradation 0.0%        
(0) 

0.0%        
(0) 

15.0%   
(3) 

15.0%   
(3) 

40.0%    
(8) 

15.0%   
(3) 

15.0%   
(3) 20 

Travel Speed 0.0%        
(0) 

0.0%        
(0) 

5.0%   
(1) 

5.0%   
(1) 

40.0%    
(8) 

30.0%   
(6) 

20.0%   
(4) 20 

Operational Aspects  

The below criteria are all part of the category "Operational Aspects". Please determine for 
each criterion how important you consider it when comparing different high-speed rail 
systems in terms of operational aspects.  
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Safety Aspects  

The below criteria are all part of the category "Safety Aspects". Please determine for each 
criterion how important you consider it when comparing different high-speed rail systems in 
terms of safety aspects.  
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(0) 
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(1) 

23.8%     
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0.0%        
(0) 
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Organizations included in the Survey  
Altogether 46 organizations were asked to respond to the survey. In total, 24 responses 
were 
received. Two responses which arrived late after the deadline were not considered. So, 
the  
quantitative evaluation in chapter 4 was based on 22 responses. Below is a list of all  
organizations that were asked to participate. Since anonymity was guaranteed, it is not 
known   
which 22 of these 46 organizations were among the respondents. The state departments 
of  
transportation that were included in the survey were selected based on a set of 
publications  
about regions where the implementation of high-speed ground transportation systems 
seems  
feasible as well as on the regions that received PRIIA and ARRA founds.  
State Departments of Transportation  
Alabama Department of Transportation  
Arizona Department of Transportation  
California Department of Transportation  
Connecticut Department of Transportation  
Delaware Department of Transportation  
Florida Department of Transportation  
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Georgia Department of Transportation  
Illinois Department of Transportation  
Indiana Department of Transportation  
Kentucky Transportation Cabinet 
Louisiana Department of Transportation  
Maine Department of Transportation  
Maryland Department of Transportation  
Massachusetts Department of Transportation  
Michigan Department of Transportation  
Minnesota Department of Transportation  
Missouri Department of Transportation  
Nevada Department of Transportation  
New Hampshire Department of Transportation  
New Jersey Department of Transportation  
New York Department of Transportation 
North Carolina Department of Transportation  
Ohio Department of Transportation 
Oklahoma Department of Transportation  
Oregon Department of Transportation  
Pennsylvania Department of Transportation  
Rhode Island Department of Transportation  
South Carolina Department of Transportation  
Tennessee Department of Transportation 
Texas Department of Transportation 
Vermont Agency of Transportation 
Virginia Department of Transportation  
Washington State Department of Transportation  
Wisconsin Department of Transportation  
Regional and Nationwide High-Speed Rail Associations and Agencies  
California High-Speed Rail Authority  
Florida High Speed Rail 
Indiana High-Speed Rail Association  
Midwest High-Speed Rail Association  
Southeast High-Speed Rail Corridor  
US High Speed Rail Association  
Engineering and Consulting Firms  
Fehr & Peers 
HNTB 
Kittelson 
Parsons Brinckerhoff PBSJ  
National Agencies  
America 2050 
APTA Center for High-Speed Rail Federal Railroad Administration  
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