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PREFACE

The National Environmental Policy Act of 1969 (42 U.S.C. 4322 et
seq.) requires that all proposals for major Federal actions which sig-
nificantly affect the human environment be accompanied by a detailed
environmental impact statement. In situations where the proposed action
covers a wide region and involves impacts throughout that region, the
courts have held that a generic (programmatic) environmental impact state-
ment is required. Since the N _heast Corridor Improvement Project
(NECIP) is regional in scope and since the impacts of the program are
anticipated to be felt throughout the entire Corridor, the Federal Rail-
road Administration (FRA) made the decision to prepare a programmatic
environmental impact statement (PEIS) for this action.

Many of the comments received from individuals, agencies, or govern-
mental entities on the Draft PEIS (see Volume I11) stated that the Draft
was not sufficiently detailed to allow meaningful comments on various
projects within the overall program. In order to respond to these comments
and to assure that this document will be reviewed in the proper light, this
preface seeks to clarify what the PEIS is and is not intended to do.

The PEIS has three basic functions. The first is to identify the
_program-level decisions which will be implemented Corridor-wide and
alternatives to these decisions. The second purpose is to assess the
environmental impacts associated with these program-wide plans. The
third purpose is to identify those NECIP activities for which adequate
assessment can be provided in this document as opposed to those which

will require further detailed environmental assessment. The final PEIS



is not a definitive assessment and analysis of all impacts associated
with all projects included in the NECIP. Nor is the PEIS the end of the
environmental assessment process, which will continue for the length of
the program.

The first of the functions of this statement, identification of
program-level decisions, is intended to describe for the reviewer those
decisions fundamental to the overall program design, as well as a discus-
sion of program-level alternatives. These decisions include: the types
of track and bridge maintenance, rehabilitation and replacement programs;
the level of work proposed regarding tunnel improvements or replacements;
the routing of the Corridor between Washington and Boston; a unified
electric power supply throughout the Corridor, and general areas where
electrification facilities will be located; the location of stations
scheduled for improvement; the types of and general areas where maintenance
facilities will be located; the type of signaling system proposed; the
type of communication system proposed, and potential locations of communi-
cation facilities. The program description contained in the text and in
the charts in Volume || represents the locations (and in some cases the
generalized areas) where improvements are proposed to be made under this
program. As the program's planning becomes more refined, alterations in
the location of certain elements could occur.

The second function of the PEIS is assessment of the Corridor-wide
impacts associated with the implementation of the overall project and the
impacts associated with the operation of a high-speed rail program in the
Corridor. The impacts include long term effects of the overall project
on such factors as air pollution, noise, energy consumption, the natural
environment, the regional transportation system, land use patterns, the
social and economic framework of the Corridor and irreversible commit-
ments of resources. Measures to mitigate environmental impacts are also
identified. »

The first and second functions form a basis for describing and

assessing the overall programmatic impact of the NECIP.
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In addition, this statement has a third purpose, distinguishable
from the program-wide description and assessment functions discussed
above. The third function is to identify those individual activities,
or categories of activities, included in the NECIP for which adequate
assessment can be provided in this document and which, therefore, will
not be formally documented again.

The need for further documentation for some activities has
already been identified as noted throughout the PEIS, especially in
the responses to the comments received on the Draft PEIS. Where
such a need is identified, further site-specific documentation will
be prepared. Discussion of activities in this PEIS may be considered
a preliminary assessment of the environmental impacts of those
activities. Examples of projects for which the need for further
documentation has been identified include:

- Route realignments involving major track shifts or bridge
reconstruction as identified in Appendix A of this
document;

- All bridges to be totally reconstructed as identified in
Appendix B of this document;

- Any electrical substations, feeder lines and other trans-
mission lines installed at new locations which could
cause significant impacts and are listed in Section 1.7.4
of this document;

-~ Any new communication system activities planned for con-
struction which could cause significant impacts and are
listed in Section 1.7.6 of this document; )

- All stations scheduled for improvement as listed in
Section 1.7.9 of this document;

- Service facilities at the locations listed in Section
1.7.10 of this document;

The elimination of grade crossings (all public and most private) is
being separately assessed for environmental impacts. At this time the
responsibility for this assessment resides in the Federal Highway Adminis-

tration acting with the relevant State Department's of Transportation.



The level of environmental documentation presently anticipated for
these activities consists of either a full EIS or a negative declaration.
However, it is possible, upon further review and analysis, that some of
the activities included in the list above may not require as complete an
assessment as is currently anticipated. In that case, an analysis will
be prepared, but not in the detail necessary for an EIS or a negative
declaration. In addition, it is possible that for certain types of
activities (e.g., communication facilities and electrification facilities)
the documentation prepared may address groups of actions, since this
approach may provide a more complete basis for review of the actions.

There are, however, other NECIP activities for which the assess-
ment contained in the PEIS provides a proper basis for determining that
no future analysis is necessary before proceeding with these activities.
Generally, these include program-level activities which lend themselves
to system-wide analysis, and those activities which are traditionally
considered normal railroad maintenance.

However, even such an activity will be examined in accordance
with Department of Transportation (DOT) Order 5610.1B which contains
requirements for the preparation of environmental assessment documents,
to determine if further environmental analysis is required for these
types of activities. The DOT Order makes clear that certain types of
activities receive a higher level of assessment than is contained in
the PEIS. Examples of these types of activities are:

- Those which will be undertaken in environmentally sensitive
wetland areas;

- Those which use publicly owned parklands, wildlife refuges
or recreational areas;

- Those which use or affect historic or archeologically
significant sites.

The examination of activities in the list below will include data
collected by on-site inspection or review of aerial photography, review

of the final scope of work for the activity, and a review of local plans



and programs for the specific location. Based upon this examination,
a determination will be made as to whether or not further environmental
documentation is necessary for the activity.

The types of activities which will be reviewed in this manner

include:

Track Structures

- Track renewal and welding

- Tie replacement

~ Use of Track Laying System on the Corridor
~ Undercutting and ballast cleaning

- Subgrade stabilization

- Drainage improvements

- Access roads

- Interlocking reconfiguration

- Right-of-way cleaning

Bridge Repair and Upgrading

Sandblasting

- Replacement of structural members
- Grouting

- Painting

- Waterproofing

- Deck repair and/or replacement

Tunnels
- Provision for adequate clearance for electrification
- Waterproofing

- Upgrading of safety devices

Route Realignments

- Realignments on the existing roadbed

Communications

- Installations which lease or otherwise use existing facilities

Signaling

- All signaling activities



Electrification

- Repair and replacement in kind of existing catenary structures
and equipment ’

- Painting existing poles

- Replacement of existing substations at the same site

- Installation of catenary wire and poles from New Haven, Connecticut
to Boston, Massachusetts

Fencing

- iInstallation of fencing

Similar types of activities may be added to this list as program planning
progresses.

This PEIS documents the FRA's final, program-level decision regarding
the scope and implementation of the NECIP, This document differs from the
Draft PEIS in several areas due to the availability of more recent infor-
mation and In response to comments received from circulation of the Draft
in Septembher, 1977 and the public hearings conducted in November, 1977.

A reanalysis of project impacts is also included. As a result, the pro-
posed action presented in this final statement reflects various program
modifications that were precipitated by public input, changes in policy,

financial constraints, and environmental considerations.
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SUMMARY

DEPARTMENT OF TRANSPORTATION
FEDERAL RAILROAD ADMINISTRATION

FEDERAL RAILROAD ADMINISTRATION
ADMINISTRATIVE ACTION PROGRAMMATIC ENVIRONMENTAL STATEMENT
() DRAFT (x) FINAL
ADDITIONAL INFORMATION. For additional information concerning the
Final Programmatic Environmental Impact Statement, please contact:
Project Director, NEC
Federal Railroad Administration
Room 2100

2100 Second Street, S.W.

Washington, D.C. 20590
DESCRIPTION OF THE PROPOSED ACTION. The Northeast Corridor Improve-
ment Project (NECIP) was mandated by the Railroad Revitalization and
Regulatory Reform Act of 1976 (the 4R Act) as a program to upgrade
railroad intercity passenger service between Boston, Massachusetts
and Washington, D,C. Specific goals of the program are to provide,
by February 1981, railroad facilities which can accommodate regularly
scheduled dependable service on a three hour, forty minute schedule
between Boston and New York and a two hour, forty minute schedule
between New York and Washington with appropriate stops. Title VIl of
the Act authorizes $1.60 billion to undertake physical improvements
necessary to achieve program goals. This appropriation, together
with an additional $150 million in Federal funds which must be matched
equally by state funds for nonoperational improvements to stations

and for fencing, results in maximum NECIP funding of $1.90 billion.



The NECIP is comprised of 11 interrelated elements of improvements
necessary to facilitate high speed operation and assure safe, comfor-
table service. These include route realignments; interlocking improve-
ments and track structure upgrading; bridge repair and replacement;
tunnel rehabilitation and modification; installation of fences and
barriers; elimination of rail/highway grade crossings; electrification
improvement and extension to serve the entire Corridor; signaling
and traffic control improvements; new communications systems; station
rehabilitation and upgrading; and expanded and new maintenance

facilities.

ALTERNATIVES CONSIDERED

The NECIP is the culmination of a planning process spanning more
than a decade. In the course of this process, numerous studies of
alternative courses of action were undertaken, ranging in scope from
consideratfon of new transportation technologies and acquisition of
an all new right-of-way, to detailed consideration of specific route
and service alternatives. As a3 result of these studies, the proposed
action was defined in some detail. The upgrading of the NEC rail
spine was found to provide the most significant short and long term

benefits at a reasonable level of investment.

SUMMARY OF ENVIRONMENTAL IMPACTS

Impacts of the proposed action were evaluated in relation to
seven broad categories: effects on regional and local transportation,
energy conservation, air quality, noise and vibration, the natural
environment, socio-economics and land use, and historical/cultural/
archeological features of the Corridor.

The NECIP is expected to result in a substantial reduction in
Amtrak's deficit per passenger mile (thereby improving the productivity
of future public operating subsidies), largely as a result of an
increase in rail trips to 21.8 million per year in 1990 versus the

13.2 million projected for the unimproved case. The increase will
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result in part from diversion of trips from auto (2.5 million) and
air (1.35 million). The project will also, however, divert passengers
from intercity bus, causing a reduction in bus ridership between
cities served by NEC during a period when growth would otherwise be
expected. The reduction from 1990 projected levels of passenger-
miles by intercity bus is approximately 28 percent between NEC
Market Cities or less than one percent of the New England and Middle
Atlantic Region Markets. Expected levels of commuter rail and rail
freight traffic on the NEC will be accommodated in the early 1980's
without service degradation. Projected growth in all three rail
services, however, may result in congestion on some segments in the
long term. There will be some increase in station-related motor
vehicle traffic. These impacts will be minimized by traffic and
parking improvements undertaken in connection with the project.
Improvements to movable bridge structures should benefit marine
traffic but in some instances, especially Portal Bridge in New
Jersey, this may be offset by increasing train frequencies.

There will be a small (2.6 percent) reduction in total energy
consumption for intercity trips in the Corridor in 1990. With electri-
fication of the entire Corridor, and diversion from auto, air and
bus, a net reduction in consumption of petroleum-based products
equivalent to approximately 171,600 barrels annually is anticipated.

Air quality will improve marginally. There will be a 3.7 percent
reduction in 1990 air pollutant emissions for intercity transportation.
The expected reduction in hydrocarbon emission, one of the main
causes of ozone formation, is less than one-tenth of one percent of
total hydrocarbon emissions in the Corridor. Overall, improvement
in the noise environment near the right-of-way will result from the
proposed improvements. Despite higher train speeds, more frequent

trains, and a growth in population of the Corridor, there will be a
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28 percent reduction in the index used to assess .impact of noise.
Eight to ten sites have been identified where noise is expected to
increase. The increase in all cases is less than 5 dB (Lg,).

Along most of the Corridor, the existing natural environment
has stabilized in accommodation to man's activities. The NEC will
not alter that stabilization in any significant way. In environ-
mentally sensitive areas, notably wetlands and watercourses, the track
itself will serve as a buffer to potential impacts. Problems with
drainage, erosion and sedimentation will be eliminated or mitigated
by the proposed action.

With minor exceptions, all improvements will be within the
existing NEC right-of-way. No residential dislocation is anticipated,
however, several businesses may be displaced. Operation of the im-
proved intercity service will create an estimated 3,700 new jobs in-
the Corridor by 1990; the improved mobility afforded by the program,
however, should not cause a significant redistribution of population
and employment. Construction employment in connection with project
implementation is estimated at 36,094 person-years of labor.

AGENCIES AND ORGANIZATIONS TO RECEIVE THE FINAL PROGRAMMATIC
ENVIRONMENTAL IMPACT REPORT

This Final Programmatic Environmental Impact Statement has been
distributed to the officials and federal, state, regional, municipal,
Jocal agencies and national organizations who commented on the Draft
PEIS. These are listed with their comment letters and responses in

Volume 1!l of this Statement.
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I.

1.1

]

CHAPTER 1
DESCRIPTION OF THE PROPOSED ACTION

OVERVIEW

The Northeast Corridor (NEC) is the spine railroad system carrying
high density intercity passenger traffic between Boston, Massachusetts,
and Washington, D.C., via Providence, Rhode Island; New York, New York;
and Philadelphia, Pennsylvania. The NEC traverses Massachusetts, Rhode
Island, Connecticut, New York, New Jersey, Pennsylvania, Delaware,
Maryland, and the District of Columbia (Figure 1.1).

The Northeast Corridor Improvement Project (NECIP) is a comprehen-
sive program of improvements to railroad facilities, installations and
other physical plant components on the NEC. The project will improve
the overall performance of the NEC railroad system, restore dependable
all-weather service and perform the maintenance of equipment and physical

plant that has been deferred for many years by previous railroads.

LEGISLATION

The Railroad Revitalization and Regulatory Reform Act of 1976 (4R
Act, -b5 USC Sec. 851 et seq.) authorized the NECIP. Sections 70k (a) (1)
and (2) authorized $1.6 billion for improvements to the NEC rail spine,
and $150 million (to be matched equally by state/local sources), for fenc-
ing and certain nonoperational station improvements.

The major program objective of the 4R Act specifies that:

Within five years after enactment of this act, the
establishment of regularly scheduled and dependable
intercity rail passenger service between Boston,
Massachusetts, and New York, New York, operating

on a three-hour, forty-minute schedule, including
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The 4R Act identifies the following additional objectives to be

appropriate intermediate stops; and regularly
scheduled and dependable intercity rail passen-
ger service between New York, New York, and
Washington, D. C., operating on a two-hour,
forty-minute schedule, including appropriate
intermediate stops.!

achieved through the implementation of the NECIP:

If funding remains after achieving the primary
goal, improvements to facilities on feeder routes
to Harrisburg, Pennsylvania, and Albany, New York,
from the NEC mainline, and from Springfield,
Massachusetts, to Boston, Massachusetts, and

New Haven, Connecticut, in order to facilitate
compatibility with improved high-speed rail
service operating on the NEC mainline;

The improvement of nonoperational aspects of sta-
tions used in intercity rail passenger service;

The accomplishment of the required improvements in

a manner which is compatible with accomplishments

in the future, of additional improvements in service
levels; and

The accomplishment of the required improvements in
a manner which will produce the maximum labor benefit

in terms of hiring presently unemployed persons.

1.1.2 ORGANIZATIONAL FRAMEWORK

Responsibility for implementation of the NECIP was assigned to the
Secretary of Transportation,
the Northeast Corridor Project Office, Federal Railroad Administration

(FRA).

A contract between FRA and a joint venture headed by the engineering
and construction management firm of De Leuw, Cather/Parsons & Associates,
provides for the engineering design, procurement and construction management
aspects of the program.
National Railroad Passenger Corporation (Amtrak) which, with certain exceptions,

]The Railroad Revitalization and Regulatory Reform Act of 1976, Section

703 (1) (A)(i).
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owns and operates the intercity passenger rail system in the Corridor
(Figure 1.2). This agreement casts Amtrak in a dual role in relation

to the project. As system operator and maintainer, Amtrak will parti-
cipate in program and project development and in construction supervi-
sion, testing and acceptance. Additionally, Amtrak will perform selected
construction projects as provlded in the contract between FRA and
Amtrak.

In addition to Amtrak, future agreements concerning project con-
struction and operation will be reached with the Corridor segment owners
other than Amtrak, the public agencies and private developers that
possess various station properties, the Departments of Transportation
(DOTs) and transit authorities that operate commuter service on the
Corridor, and the Consolidated Rail Corporation (Conrail) concerning
future freight train operations on the Corridor.

Construction work will be accomplished by competitively bid, fixed
price contracts awarded by FRA, or by Amtrak subcontracts in accordance

with procurement specifications approved by FRA.

PROGRAM GOALS

Within the context of the overall goals of the 4R Act, the Federal
Railroad Administration has further specified project performance goals
based on the planning and preliminary engineering efforts of the last
decade. These performance goals specify:

(1) The service performance goals shall reduce travel times

between Washington and New York, and New York and Boston
in accordance with the 4R Act, as well as decrease the

lateness allowance and improve the on-time dependability.
The performance goals are summarized in Table 1-1.

(2) The NEC railroad system shall have the capability for

providing reliable, dependable service throughout the
6 a.m. to 10 p.m. travel day.
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Table 1-1

COMPARISON OF EXISTING CONDITIONS AND NECIP GODALS

Trip Lateness On-Time 1
Time Allowance Dependability
Washington to New York
Present Service--Conventional 3 hr.-50 min. 15 min. 80 percent
Present Service--Metroliner 3 hr.- 0 min. 15 min. 40 percent
Proposed Service 2 hr.-40 min. 5 min. 80 percent
New York to Boston
Present Service 4 hr.-30 min. 15 min. 80 percent
Proposed Service 3 hr.-40 min. 5 min. 80 percent
lExisting on-time performance is that of the last half of 1976.

(3) The NECIP shall provide capacity for a system-wide demand
of 21.8 million intercity passengers annually. The NEC
Amtrak service carried approximately 9.6 million passen-
gers in 1975,

(k) The NECIP, insofar as feasible, shall be designed and con-
structed in a manner compatible with future service level
improvements. Minimum future service level improvements
to be considered are:

- Boston to New York - 3 hours with five intermediate
stops

- New York to Washington - 2 hours, 30 minutes with five
intermediate stops

(5) The design considerations for all elements of the system
shall emphasize safety.

(6) The passenger ride comfort levels shall be consistent with
acceptable state-of-the-art levels for vibration and nolse.

(7) The stations and other public contact spaces shall meet
contemporary standards for passenger comfort and conveniences.,

(8) The security characteristics of the NEC system shall be

designed to minimize vulnerability of the NEC to {ntrusions,
vandalism, and other illegal activities.
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(9) The NECIP shall be implemented in a manner compatible
with the existing environment.

1.1.4 [IMPROVEMENT ELEMENTS

The NECIP is comprised of 11 interrelated types of improvements. The
program elements described below identify the nature of the work to be
accomplished to achieve program goals. A more complete description of the
scope and magnitude of each type of improvement is presented in Section 1.7.

- Route Realignments will be made at various locations along

the Corridor where necessary to meet trip time goals and in-
crease rider comfort. Certain curves will be realigned and

distance between track centers will be increased in areas of
major new construction.

- Track Centers will be upgraded to accept increased loads
produced by high-speed operations, and to provide free drainage
of water from the track. Improvements will be made to the
rails, ties, ballast, and subgrade; and numerous interlockings
will be eliminated, relocated, replaced or mechanically and
electrically refurbished.

- Bridges will be improved to meet new high-speed rail per-
formance requirements. Undergrade railroad bridges crossing
streets, rivers, etc., will be rehabilitated, upgraded or
replaced to support new loads. Some overhead bridges will
be modified where required to provide adequate vertical or
lateral clearance. Movable bridge electrical and mechanical
systems will be rehabilitated and modernized to provide ef-
ficient and reliable operations.

- Tunnels along the NEC will be rehabilitated and modified.
Eight tunnels at five individual locations will be affected.

- Fencing and Barriers will be installed as necessary to increase
safety and security of individuals and train operations. Spe-
cial considerations such as impacts upon animal migration and
community access will be addressed and resolved.

- Grade Crossings will, with certain exceptions, be eliminated
by grade separation, alternate access, or outright purchase,
Private grade crossing elimination will be funded through the
NECIP while public grade crossing eliminations are funded
under a Federal Highway Administration Program.
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- Electrification improvements will be implemented with a
view toward a unified 25 KV, 60 Hz source of energy all
along the Corridor. Conversion of existing electrification
and rolling stock, and improvement of existing electrical
supply systems will be made from Washington to New Haven.
New electrification facilities will be constructed in the
remaining section of the rail line from New Haven to
Boston.,

- Signaling and Traffic Control system improvements will be
implemented to provide safe, all-weather signal and traffic
control for speeds necessary to meet future trip time goals.

- Communication systems will be provided to insure complete
administrative and operational control of the high-speed
passenger service.

- Stations will be rehabilitated to facilitate the accom-
plishment of trip time goals. Improvements at certain
stations will be made to allow efficient rail operations
and unencumbered use by the elderly and handicapped.
Stations with historic significance will be improved
without adversely altering their historic or unique
architectural character. Improvement to nonoperationally
essential elements of the stations will be initiated
where the required matching funds are provided.

- Maintenance Facilities will be constructed at various
locations. Nine maintenance-of -way bases and seven equip-
ment maintenance shops will be in operation under the
NECIP.

IMPLEMENTATION COSTS, FUNDING AND COMPLETION SCHEDULE

Funding Sources. The U.S. Department of Transportation (DOT) will

fund 100 percent of the costs of all improvements to facilities which
are essential to meet the operational goal.

In addition, the 4R Act authorizes $150 million for the improve-
ment of nonoperational portions of stations, and for related facilities
and fencing. DOT is authorized to fund 50 percent of the cost of these
improvements, the remaining 50 percent to be borne by state, local or
regional transportation authorities. The Secretary may, at his discre-
tion, fund entirely any safety-related improvements relating to stations

and fencing.
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A proposed regulation defining which station and station-area improve-
ments are operationally essential (100 percent fundable) and which are not
operationally essential (50 percent Federally fundable) was promulgated

in the Federal Register for Comment on April 28, 1978. Generally, the

NECIP will fund entirely those improvements necessary for the safety,
comfort, and convenience of intercity rail patrons within the eligible
stations and their boarding areas.

Full participation by the states and/or transportation authorities
in nonoperational improvements, when added to the federal contribution
of $1.75 billion in both the operational and nonoperational categories,
would result in total NECIP funding of $1.825 billion.

Implementation Cost Estimates. Table 1-2 is a state-by-state summary

of estimated NEC railroad system implementation costs by project element.
Costs shown are based upon preliminary estimates. Project costs are under
continual refinement as planning/programming and engineering activities
proceed. Therefore, the figures given should be viewed as general indi-
cators only.

Deferred Maintenance Costs. A sizable percentage of the $1.825

billion represents the cost of eliminating deferred maintenance. This
share must be spent to upgrade the deteriorated physical system rather
than to improve performance. These costs would presumably be incurred

by Amtrak over the next 10 to 15 years, were it not for the NECIP, simply
to maintain the integrity and service level of the existing railroad,
Included in this estimate are two categories of NECIP work which will
reduce Amtrak's future expenditures for maintenance-of-way -- Deferred
Maintenance and Capital lmprovement in lieu of Deferred Maintenance
(Table 1-3).

The portion of the NECIP which is directly associated with elimina-~
tion of Deferred Maintenance is estimated at $647 million. Included in
this estimate is trackwork done by traditional methods, most bridge
repairs or upgrading, all tunnel work, and those portions of electrifica-
tion, signaling, communications and stations which have to do with repair

of existing components.
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Table 1-3

CAPITAL COSTS OF NECIP BY CATEGORY

(In Millions $)

Capital
Improvements
In Lieu of Capital
Deferred Deferred Subtotal Improvement 2
Subsystem Maintenance Maintenance (Col. 1 & 2) For HSR Total
Route Realignments 0 20.10 20.10 23.40 43.50
Track Structures 353.37 141.50 494.87 115.00 609.87
Bridges 156.94 58.30 215.24 0 215.24
Electrification 29.29 111.50° 140.79 164.90 305.69
Signals and Traffic
Control 53.95 106.30 160.25 42.40 202.65
vwnications 1.37 4.20 5.57 21.90 27.47

Fencing 0 0 0 48.09 48.09
Grade Crossings 0 0 0 h.58 4.58
Stations 29.82 46.60 76.42 167.30 243,72
Service Facilities 0 20.10 20.10 81.80 101.90
Tunnels 22.29 0 22.29 0 22.29
TOTAL 647.03 508.60 1,155.63 669.37 1,825.00

LI . . ‘
Figures include allocations of Program Management and System Engineering

Costs.

2This amount does not equal the total $1.9 billion authorization because the
Secretary of Transportation, as provided by Section 703(1) (B) of the 4R Act,
has opted to fund 100 percent of certain safety-related, non-operational

improvements.



The second category, Capital Improvements in lieu of Deferred Main-
tenance is estimated to account for another $509 million and includes
total replacement of certain systems or components which will eliminate
the need for performing work to overcome deferred maintenance on the
corresponding old systems or components. This includes such items as
route realignments or track work done by track laying system (TLS) which
totally reconstruct sections of existing track, interlocking reconfigura-
tions, bridge replacements, upgrading of the electrification south of New
Rochelle to 25 KV, 60 Hz, all relay signals, reconstruction of existing
service facilities, replacement of the MOW communication system and
operational station improvements (except new platforms).

The total value of deferred maintenance overcome by the NECIP then,
would include all of the $647 million in direct Deferred Maintenance
and most, but not all of the $509 million cost of Capital Improvements
in lieu of Deferred Maintenance. The latter would not be fully included
because some of the replacement systems are designed to higher and
presumeably more expensive standards than would be achieved through
maintenance of the old system.

The remaining $669 million represents the Capital Improvement and
covers those items designed specifically to reduce trip times, to improve
performance and to improve passenger comfort and convenience. Included
are such work items as new interlockings, new electrification north of
New Haven, new service facilities, fencing, grade crossing elimination,
centralized traffic control, the new trunk communication system, high
level platforms, parking and other non-operational improvements.

Completion Schedule. In accordance with the 4R Act, those improve-

ments required to allow operation of intercity service at the required
'trip time will be completed by February, 1981. As a result of revised
design and construction scheduling, and redirection of certain portions
of the program to allow better coordination with the plans of various
commuter authorities, however, it now appears likely that completion of

some construction activity may extend to 1982 and 1983.



1.2 BACKGROUND AND HISTORY OF THE PROJECT

The NEC is in many ways uniquely suited to the implementation of a
high-speed, high-frequency intercity rail service. The Corridor is the
core of the largest, most densely settled urban concentration in the
United States, stretching along the Atlantic seaboard in a nearly
unbroken band of urban and suburban development from Virginia to Massa-
chusetts. Within the metropolitan areas traversed by the 456 mile Corridor
rail system reside approximately 32.3 million people, the greatest majority
of them in six metropolitan areas of greater than two million population.
At the Corridor's geographic center is the nation's largest city, New
York.

The social and economic ties which link the NEC together demand a
highly developed system for the movement of people and goods. In 1975,

87 million intercity trips were made in the Corridor; 117 million inter-
city trips are forecast by 1990. To meet these intercity transportation
needs in addition to local trips, an extensive network of interstate
highways, air routes, and rail services has been established. Major high-
ways along the spine of the Corridor, such as 1-95, are supplemented by
cross-spine highways and circumferential roads skirting the larger cities.
These are versatile facilities, heavily used for both intercity and local
auto travel, bus service, and freight movement, but subject to increasing
levels of congestion. Air transportation, though primarily limited to
intercity passenger movement, is also congested, particularly around the
New York City hub area.

Though the private automobile and air travel are the modes of choice
for the majority of intercity travelers in the Corridor, nearly 10 percent
of intercity trips in 1975 were made by rail, many times the national
average. Still, the NEC rail system existing today is underutilized.
Though in need of rehabilitation and upgrading, the system has the capa-
city to accommodate a larger proportion of 1990's increased intercity and

commuter travel demand.



Congressional authorization to implement the NECIP followed over
a decade of research into the transportation needs and problems of the
Northeast, analysis of existing and potential alternative transportation
systems, and preliminary engineering studies on high speed rail systems.
The earligsf investigation into the problem of NEC transport began
in 1963 with a $625,000 Congressional appropriation establishing the
Northeast Corridor Project (NECP) within the Department of Commerce.
The program was devoted primarily to data gathering and fact finding about
travel needs, the condition of the existing facilities and the state-
of~the-art. The High-Speed Ground Transportation Act of 1965 established
the Office of High Speed Ground Transportation (OHSGT) within the Depart-
ment of Commerce and authorized the Northeast Corridor Transportation
Project. The major aim of the Act was to provide for research development
and demonstration of possible high-speed ground transportation alterna-
tives. The two major high-speed ground transportation demonstrations
initiated under this act were the Turbotrain and the Metroliner programs.
Although the Turbotrain project was of limited success, the Metroliner
program has had substantial use and continues to demonstrate the future
possibilities of high-speed ground transportation. Following creation
of the Department of Transportation (DOT) in 1966, the Office of High
Speed Ground Transportation was shifted from the Department of Commerce
to the Department of Transportation. '

In 1970, the Railway Passenger Service Act of 1970 was passed.
Designed to prevent further deterioration of passenger rail service,
this act sought to make possible an upgrading of passenger service to
acceptable standards while providing a viable rall passenger service
between major population centers. The Act created the National Rail-
road Passenger Corporation (Amtrak) to contract with the railroads to
provide crews and operating facilities and to provide rail passenger
service. Equipment would be largely owned by the Corporation.

In 1971, the Secretary of the Department of Transportation prepared
and released a comprehensive set of recommendations entitled, Recommen-

dations for Northeast Corridor Transportation. This report emphasized
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the need for action by pointing out critical problems with other modes
of transportation. The report concluded that high-speed rail was one
of the best alternatives for short-and long-term future transportation
needs. In January of 1973, DOT produced an update and extension

of its 1971 report, entitled, Improved High-Speed Rail for the Northeast

Corridor. This report recognized that current highway and air trans-
portation systems were insufficient to accommodate increased future
patronage, and that expansion was difficult due to community opposition.
It constituted a proposal to implement rail passenger service improve-
ments in the NEC as a means of moving large numbers of passengers safely
and comfortably through the densely populated Northeast. This report
included ideas for specific improvements, an organization to accomplish
them, and a financial plan and schedule for implementation.

The Regional Rail Reorganization Act of 1973 (3R) was enacted
primarily to provide for federally directed reorganization of the Penn
Central Railroad and a number of smaller bankrupt freight carriers in
the Northeast and Midwest. The U. S. Railway Association (USRA) was
created to plan the reorganization of the bankrupt railroads into a
new carrier, the Consolidated Rail Corporation (Conrail). While the
3R Act was concerned primarily with rail freight transportation, it also
recognized the need for improved passenger service in the NEC. The Act
directed the Secretary to begin the engineering studies necessary to
implement improved rail passenger service on the NEC. The U. S. Railway
Association was empowered to designate for acquisition or lease by Amtrak,
those rail properties necessary to implement the improved service. In

its Final System Plan, USRA designated the NEC mainline for Amtrak

acquisition, excepting those segments which Penn Central had previously
sold or leased to states or transportation authorities. The Corridor
was acquired by Amtrak in 1976. The 4R Act authorized the NECIP and
appropriated $25 million in 1976, and an additional $25 million for

the transition quarter enabling initiation of the improvement action.
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1.3 THE EXISTING RAIL SYSTEM

1.3.1

OVERV I EW

The development of the interstate highway system and the resulting
travel time improvements of auto, truck and bus contributed greatly to the
decline of rail passenger and freight demand in the NEC region thropgh the
1950s and 1960s. This decline in demand was a factor in the bankruptcy of
the independent railroads of New England and the Midwest in the late 1960s
and early 1970s. Of necessity, the rail companies lowered standards of
efficiency and service to the public during that period. As the rail system
deteriorated financially, the physical facilities constructed in the late
19th and early 20th century were allowed to deteriorate, maintenaﬁce was
deferred and worn-out equipment was not replaced.

Deficiencies in the NEC's rail passenger system are primarily trace-
able, then, to the age of the rail facilities and equipment. Most rail
line locations date back to the 1800s even though some signaling, electri-
fication and alignment improvements were made through the 1930s.

One of the last major line improvements made by the Pennsylvania Rail-
road was the construction of tunnels into Manhattan to serve the new
Pennsylvania Station. The Hell Gate Bridge and connecting viaducts over
the Bronx and Queens finally provided a direct connection between the
Pennsylvania and New Haven lines in 1917. The Pennsylvania mainline elec-
trification project in the 1930s provided a final opportunity for major
construction projects, including monumental new stations at Philadelphia
and Newark, alignment changes, bridge construction and grade separations.
With few‘exceptiops, these changes were the iast alignment improvements

made by the rail companies.

Speéds are limited along many sections of the mainline by the
curvature of the route and at some locations by the horizontal and
vertical clearances at overpasses and underpasses., Catenary support
structures on many curves south of New Haven are inadequate to permit
higher speed operation. The original electric locomotives used on the
line were not designed to operate at a speed higher than 80 mph and
thus, the design of the railroad was not altered from the time of steam
or diesel locomotive use.



Congestion and lower speeds also result from the mix of traffic
sharing the NEC right-of-way, including freight, commuter and intercity
passenger trains. The NEC mainline from Washington to Boston is the most
complex blend of high density intercity travel, commuter travel and
freight traffic in the nation. The combination of these factors creates
numerous difficulties in scheduling a mix of service on one rail line
while minimizing service interference. The problem becomes particularly
acute at points (such as at some tunnels and bridges) where the number
of tracks is reduced. '

The years of deferred maintenance also have caused slow orders
be imposed frequently along the Corridor. |In April, 1977, there were 23
slow orders on 30 miles of track for conventional trains operating between

! to

New Haven and Boston and 52 slow orders on 88 miles of track for conven-

2 In the same

tional trains operating between New York and Washington.
month, Metroliner operations between New York and Washington had 70
restrictions on 102 miles of track. Qverall, the outdated system design
which does not permit maximum use of the available resource, the con-
gestion caused by the mix of freight, commuter and Amtrak traffic and
the slow orders caused by deferred maintenance have cumulatively con-

tributed to rai) service's poor competitive position.

The effects of congestion, slow orders and equipment failure are
reflected in the poor reliability of the intercity service. During.the
latter half of 1975 the on-time performance for Corridor intercity trains
averaged about 70 percent. Metroliner performance dropped as low as 26

]A slow order is normally a temporary speed restriction imposed because
of deteriorated track or structure conditions.

21977 speed restriction data from Amtrak temperary speed restriction.
summary dated April 14, 1977.
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percent for on-time arrivals in June, 1976 and again in September, 1977,
and averaged about L4 percent on-time for FY 1977. The conventional trains
operating in the Corridor dropped as low as 62 percent on-time in July

of 1977 and averaged 78 percent on-time for FY 1977. A train is considered
on time if it arrives at a station no later than five minutes after the
scheduled arrival time for every 100 miles it has traveled, up to a
maximum of 30 minutes. On the average conventional trains experience

12 minutes of delay while Metroliners experience delays of 16 minutes.

Delays of 45 minutes or more are not uncommon for individual trains.

OWNERSHIP

The right-of-way of the NEC is owned by Amtrak with the following

exceptions:

- Union Station to lvy City Yard in Washington is owned hy the
Washington Terminal Company, a joint Amtrak/Chessie System
arrangement.

- New Rochelle, New York to the Connecticut/New York border is
owned by the New York Metropolitan Transportation Authority
(MTA).

- Connecticut/New York border to New Haven is owned by the Penn
Central Trustees, and is currently in the fifth year of a
60-year lease to the State of Connecticut.

- Certain segments of trackage in the City of Providence are
owned by the Providence and Worcester Company.

- Trackage between the Rhode Island/Massachusetts border and
Boston South Station is owned by the Massachusetts Bay
Transportation Authority (MBTA).

- Yard tracks at Boston South Station are owned by the Boston
Redevelopment Authority (BRA).
Amtrak also owns 14 of the 26 stations served by Amtrak on the NEC
rail system--Baltimore, Aberdeen, Wilmington, Philadelphia 30th Street,
North Philadelphia, Princeton Junction, New Brunswick, Newark, New York

Penn Station, 01d Saybrook, Mystic, Westerly, Kingston and Providence.



The latter may soon be conveyed to the State of Rhode Island. Washington
Union Station is owned by the Washington Terminal Company; Capital Beltway
by Prince George's County, Maryland; Trenton and Metropark by the State of
New Jersey; Stamford by Transport Plaza Associates; Rye by the MTA; and
Bridgeport by the City of Bridgeport, New Hayen Station is under lease
by the State from the Penn Central Trustees; New London Station is owned
by Union Station Associates; Route 128 and Back Bay are owned by the MRTA;
and Boston South Station is owned by the Boston Redevelopment Authority,
Amtrak has agreements for the operation of intercity rail service on

those segments and within those stations that it does not own,

1.3.3 RAILL SYSTEM DESCRIPTION BY SEGMENT

Washington to Baltimore. From Union Station to New York Ayenue in

Washington, the Corridor trackage converges to two tracks and is used

only for intercity and commuter passenger traffic. From New York Avenue
to Landover [nterlock.ing,I the Corridor continues as a two-track system
owned by Amtrak serving only intercity and commuter passenger traffic and
local freight. Conrail freight service enters and leaves the Corridor

at Landover where a third track is added. The Corridor is a three-~track
system serving Amtrak, Conrail and commuter traffic to Winans Interlocking,
and similar operations continue to Fulton Interiocking just south of
Baltimore.

Baltimore. At Fulton Interlocking the trackage immediately converges
to two tracks passing through the B & P Tunnel and the Baltimore Station,
becoming three tracks through the Union Tunnel, and four tracks through
Bay View Yard to River [nterlocking near the Back River. Commuter service
presently operates from Baltimore to Washington, but not north of Baltimore.

Baltimore to Wilmington. The Corridor carries hoth freight and inter-

city passenger traffic on this segment, which alternates between two, three,
and four tracks. At Ragan Interlocking just south of Wilmington, most
freight is routed off the Corridor onto the Shellpot hranch.

lAn interlocking is a point on the track where signals and crossovers permit

the controlled interchanging of trains between various tracks,



Wilmington to Philadelphia. Two and three tracks exist through

Wilmington. Freight reenters the Corridor via the Shellpot branch
just south of Bell Interlocking, about five miles north of Wilmington.
From Bell to Arsenal Interlocking just south of Philadelphia, the
Corridor is a four-track system serving intercity, commuter, and freight
traffic. All freight traffic is diverted from the Corridor tracks at
Arsenal. Conrail operates comuuter service on the Corridor for the
Southeastern Pennsylvania Transportation Authority (SEPTA) between the
West Yard Interlocking, Wilmington, and downtown Philadelphia. SEPTA
has future plans for an airport rapid transit line in the area between
Brill Interlocking and downtown. From Arsenal to the Penn Interlocking
at Philadelphia 30th Street Station, the Corridor is double tracked and
serves only commuter and intercity passenger traffic.

Philadelphia to Trenton. Traffic from 30th Street Station (Penn)

to the Zoo Interlocking just north of Philadelphia, is limited to inter-
city and commuter passengers. At Zoo, freight reenters the Corridor

onto a four-track system. SEPTA commuter service terminates at Trenton
Station; and New Jersey Department of Transportation service starts at
Trenton, proceeding east to Penn Station, New York.

Trenton to Newark. New Jersey Department of Transportation commuter

service begins at Trenton or enters the Corridor from other lines at
County (New Brunswick), Union (Rahway), and Hunter (Newark) Interlockings.
With the exception of former Central of New Jersey Railroad and some New York
and Long Branch commuter trains that terminate at Newark, all intercity
and commuter trains proceed to New York City. Through freight service to
and from the south enters and leaves the Corridor at Lane Interlocking
just south of Newark. This segment is essentially a four-track system
ending at the Hudson Interlocking just east of Newark. Some trailer
van trains leave the mainline at Hudson.

Newark to New Rochelle. At the Hudson Interlocking, the Corridor

becomes a high density, two-track system which enters Penn Statlon via

the North (Hudson) River Tunnels. The Corridor leaves Penn Station via
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two of the four East River Tunnels to the Harold Interlocking in
Queens. At Harold the Long Island Railroad (LIRR) and Corridor tracks
diverge. The Corridor then utilizes the double track passenger line of
the New York Connecting Railroad, the four-track Hell Gate Bridge over
the East River, and two tracks of the four-track Harlem River Branch
to Pelham Bay Interlocking near Baychester. Freight and Corridor
passenger traffic then jointly use the two-track system to Shell
Interlocking at New Rochelle.

New Rochelle to New Haven. At Shell the Corridor joins the New

Haven mainline, converging with West End commuter trains which operate
between Grand Central Station and New Haven, New Canaan and Danbury,
Connecticut.. The Corridor is a four-~track system between New Rochelle
and New Haven with heavy commuter traffic operated jointly for the
Metropolitan Transportation Authority (MTA) and the Connecticut Depart-
ment of Transportation, by Conrail. The freight traffic operating on
this segment of the Corridor is local with the exception of four through
freights a day between Albany (Selkirk) and New Haven (Cedar Hill) which
enter the Corridor at Devon Interlocking in Stratford.

New Haven to New London. At Fair Street Interlocking in New Haven,

the Corridor becomes a two-track system carrying only intercity and
local freight service. The Hartford/Springfield branch is a separate
two~track line from New Haven Station to Mill River Interlocking.

New lLondon to Proyvidence., The two-track system continues to

Providence, serying intercity passenger and local freight trains. The
Rhode !sland Department of Transportation has long-range plans for rail
commuter service on the Westerly/Providence segment.

Providence to Boston. The Corridor remains a two-track system to

Readville Interlocking in Boston where it becomes a three- and four-track
system to South Station. This segment accommodates Amtrak, local freight
seryice, and commuter service which becomes increasingly dense as the

Corridor approaches Boston. That section of the Corridor between
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Forest Hills Interlocking (two miles inside Route 128) and South Station
will be reconstructed as part of the Orange Line Rapid Transit Reloca-

tion project by the MBTA.

PHYSICAL PLANT

Track Structure. In preparation for Metroliner service, which began

in January, 1969, over half of the rail in the Corridor between Washington
and New Haven was replaced with 140 pounds-per-yard, continuously welded
rail (CWR). This track was tied and ballasted to meet high-speed service
standards. The interiockings were rehabilitated by replacement, realign-
ment, or ballasting. The CWR has been relatively well maintained, but
the interlockings have deteriorated. The majority of the track between
New Haven and Boston is constructed of jointed rail.

The continuous welded rail sections between Washington and New York
at present permit maximum speeds of 105 mph for Metroliner equipment.
Maximum authorized speed between New York and Boston is 79 miles per hour

for conventional trains.

Alignment. There are eight curves greater than 3° between Washington
and New York City, and 60 curves greater than 3° between New York and
Boston. Of these, 12 curves are greater than 5°; the maximum degree of
curvature is 10° at Back Bay.

Grades. There are approximately 3.2 miles of gradient greater than
one percent between Washington and New York, and 5.6 miles between New
York and Boston, with ruling gradients of 1.89 and 1.30, respectively.

Bridges. There are 772 undergrade bridges which carry the Corridor
tracks over streams, roads, etc. Of these, 15 are movable spans which
accommodate marine traffic on navigable rivers. Almost one-quarter of
the bridges were built before 1895, and half were built between 1895 and
1920. Many of these bridges require load and/or speed restrictions due
to deterioration. There are 528 overhead bridges along the Corridor
which carry roads or other rail lines over the main line tracks.

Tunnels. Eight tunnels in five locations are currently in use

along the NEC: the Union and B & P tunnels in Baltimofe, the



North River and East River tunnels in New York City and a relatively short
tunnel section in East Haven, Connecticut. Because maintenance of these
tunnels has been deferred, the roadbeds, drainage systems and tunnel lin-
- ings are deteriorated.

Fencing. Approximately 35 percent of the ROW is fenced to some
degree. Most of the existing fencing was installed by adjacent land
owners, with railroad-owned fencing primarily in yard and station areas.

Grade Crossings. There are 19 privately owned grade crossings

along the NEC railroad system: 12 in Connecticut, six in Rhode Island,

and one in Massachusetts. |In addition, there are 48 public grade cross~
ings which are currently funded for elimination under a Federal Highway

Administration program.

Traction Power. Metroliners and electric locomotives are powered

by a 12 KV (nominal), 25 Hz overhead catenary electrification system
between Washington and New Haven. The powér is presently supplied by
Baltimore Gas and Electric Company, Pennsylvania Power and Light,
Philadelphia Electric Company, Consolidated Edison, and the Cos Cob
Power Plant. Drastically increased maintenance costs and frequent fail-
ures indicate that equipment is reaching the end of its useful life,

The electrification system between New York and New Haven is presently
being replaced by a 12.5 KV, 60 Hz system by the MTA and the Connecticut
Department of Transportation (ConnDOT). Traction power is provided by
diesel locomotive from New Haven to Boston. At present eight to 15 min-
utes are required to change locomotives at New Haven from electric to
diesel or vice versa.

Signals and Communications. Current signaling along the Corridor

consists of a mixture of operational but antiquated automatic block systems,
including both cab and wayside signals, some of which would be incompat-
ible with improved electrification. Communications equipment is generally
deteriorated.

Maintenance Facilities. Corridor equipment is presently maintained

in facilities which are inadequate in design to perform necessary
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running repair and major overhaul. Service and running repairs are
made at facilities in Boston, New York, Philadelphia, and Washington,
Major maintenance facilities are located at Wilmington, New Haven, and
Stamford (commuter equipment). Presently, there are neither heavy
maintenance facilities nor maintenance-of-~way facilities on the Corridor
owned or operated by Amtrak, capable of supporting the projected 1990
operations. All exterior car washing and interior extraordinary clean-
ing facilities are exposed to the elements, reducing their effectiveness
during inclement weather.

Stations. There are currently 26 stations on the NEC spine served
by Amtrak, many of which have deteriorated and no longer provide reasonable
convenience and comfort. Some station buildings are in fact closed to

the public and only loading platforms are used. Several of the stations

~ were built in the early 1890s in a monumental style, in recognition of

the significance of the early railroads. The exceptions are the newer
outlying stations such as Metropark (lselin, New Jersey), Route 128 (Boston),
New Carrollton (Capital Beltway) and the new station at Bridgeport,

Connecticut.

OPERAT IONS

Amtrak operates all intercity passenger service on the NEC rail system.
Two service levels include coach service (Amfleet service), which operates
over the entire Corridor, and Metroliner service, which operates between
New York and Washington (and one round trip daily from New Haven to Washington).
Amfleet service is provided by relatively new, locomotive~hauled cars.
Metroliner service is faster, using self-propelled electric cars which were
introduced in 1969. Metroliners are becoming unreliable due to equipment
failure. Amtrak has plans to refurbish and upgrade the Metroliner cars in
the next two years.

In the MTA-ConnDOT territory maintenance-of-way and dispatching is
performed by Conrail. In the MBTA area of operation, Amtrak provides these

functions.
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A summary of frequency of service and 1975 patronage at 25 stations
served by Amtrak is shown in Table 1-4. Ridership and service on the
Corridor is heavily concentrated in the New York to Washington segment.
Over the last eight years, the southern part of the Corridor has accounted
for 82 to 88 percent of total rail traffic in the NEC.

Rail fares are generally proportional to mileage on the Corridor.

The following are representative:
- Boston to Washington costs $38.50 for coach.
- Boston to New York costs $19.50 for coach.

- New York to Washington costs $21 for coach and $26 for
Metroliner.

Commuter rail service is operated on the Corridor by the following
agencies:
- The Maryland Department of Transportation which operates com«
muter rail service in the Baltimore to Washington segment.

~ SEPTA which operates service on the Wilmington to Philadelphia
segment and, in conjunction with New Jersey Department of
Transportation, on the Trenton to Philadelphia segment,

- New Jersey Department of Transportation which operates commuter
rail between Trenton and New York Penn Station.

- MTA which operates Long lsland Railroad service sharing the
Penn Station to Harold ROW.

- MTA and Connecticut Department of Transportation which operate
the West End commuter service utilizing the New Haven to New
Rochelle segment of the Corridor on its route to Grand Central
Station.

~ MBTA which operates commuter rail service on the Providence to
Boston segment of the Corridor.

The density of rail traffic on the NEC is clearly dominated by commu-
ter trains on the segments flanking New York City from Trenton to New Haven
(Figure 1.3).

Rail freight service in the NEC currently consists of delivery
and pick-up at industrial sidings and through freight trains operating

nonstop between major yards. The only through freight service using the
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Table 1-4

SERVICE LEVEL AND PATRONAGE
AT NEC STATIONS, 1975

REC. Intercity

Annual Patronage Service Level
STATIONS (000) (Iintercity Trains Per Day)
Boston South 537 22
Back Bay 104 22
Route 128 105 22
Providence 262 22
Kingston 29 10
Westerly 2] 10
Mystic 9 8
New London 156 22
0ld Saybrook Ly 10
New Haven 359 30
Bridgeport 50 12
Stamford 152 18
Rye 76 20
New York Penn 5,982 82
Newark 1,321 62
Metropark 438 18
New Brunswick 395 20
Princeton Jct. 652 26
Trenton 1,763 52
N. Philadelphia 198 38
30th Street 3,109 80
Wilmington 529 48
Baltimore 897 50
New Carrollton 184 2k
Washington, D.C. 1,856 50

NOTE: A 26th station, Aberdeen, Maryland, is served by one Amtrak
train in each direction daily.
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Corridor between Newark and Boston involves four trains daily between
Milford and New Haven and some freights on various short segments between
'Provtdence and Readville. Through freights make extensive use of the
Newark-Washington segment, primarily for movements between major Corridor
freight yards and Enola Yard in Harrisburg and Potomac Yard in Alexandria.
Local freight service is provided both north and south of New York, but
the heavier concentration of industrial installations in New Jersey and

Pennsylvania has required more extensive local service south of New York

(Figure 1.3).
RIDERSHIP, REVENUE AND COST OF INTERCITY SERVICE

Even though the NEC accounts for only about 2 percent of the total
rail mileage served by Amtrak in the United States, the NEC service accounts
for nearly 60 percent of the trips and 30 percent of the passenger-miles
traveled on Amtrak trains (Table 1-5). Thus, almost 10 percent of the
intercity trips in the NEC are by rail as opposed to only about one per-
cent in the nation.

Between 1972 and 1976, Amtrak trains providedservice for an increas-
ing number of intercity travelers in the NEC. Patronage grew from 8,)
million to 9.7 million during that five year period (a 20 percent increase
or 3.7 percent per annum), peaking at 10 million passengers in 1974 during
the Arab oil embargo, and is currently back to that level (Table 1-5).
This growth in ridership combined with fare increases has led to consis-
tently growing revenue--overall a 49 percent increase between 1972 and 1976
according to the best available Amtrak data. The rapid growth in revenue
available to Amtrak has unfortunately beén outstripped by even greater in-
creases in operating costs. Over the same five year period that saw revenue
grow by k9 percent, operating costs grew by 134 percent.

Because of inconsistencies in accounting procedures it is not relevant
to compare Amtrak's historical revenue/cost data to data for FY ]976 and
FY 1977, which is based on a revised reportino system. As a result, finan-
cial data for the NEC system, based on Amtrak's Route Profitabtlity.reborts,
is shown in Table 1-6. Over that two-year period, it can be seen that
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Table 1-6

OPERATING AND FINANCIAL SUMMARY OF AMTRAK NEC SERVICE
FY 1976 and 1977

FY 1976 FY 1977
CATEGORY (FY 15765%) (Fy 1977%) (FY 1977%)
STATISTICS (millions)
Passengers:
Metroliner 2.2 2.2 2.1
Conventional 7.1 7.1 7.6
Total 9.3 9.3 9.7
Passenger-miles:
Metroliner 321.7 321.7 295.1
Conventional 730.9 730.9 852.7
Total 1,052.6 1,052.6 1,157.3
Train-miles:
Metroliner 2.26 2.26 2.01
Convent ional .20 4.20 4,27
Total 6.546 6.46 6.28
Revenue:
Metroliner 4o.1 k2.1 36.9
Conventional 47.4 49.8 51.5
Total 87.5 91.9 8B.4
Total Operating Costs:
Metroliner 53.8 58.4 49.8
Conventional 1.1 120.5 122.7
Total 165.9 178.9 172.5
Surplus/deficit on
operating costs:
Metroliner -13.7 -16.3 -12.9
Conventional -63.7 -70.7 -71.2
Total -77-8 -87.0 -84.1
DERIVATIVES
Revenue/passenger-mile:
Metroliner .125 131 0.125
Conventional .065 .068 0.060
Total .083 .087 0.077
Operating cost/passenger-mile:
Metroliner 0.167 .181 0.169
Conventional 0.152 .165 0.144
Total 0.157 .170 0.150
Surplus/Deficit/passenger-mile:
Metroliner -.043 .050 -.044
Conventional - -.087 .097 -.084
Total -.074 .083 -.073

SOURCES: Amtrak, Five-Year Plans, Interstate Commerce Commission Report,
Effectiveness of the Act.
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slight declines in revenue and operating cost lead to a reduction in
deficit per passenger-mile from 8.3 cents to 7.3 cents (in FY 1977%).

Figure 1.4 illustrates the varying densities of the 1975 intercity
rail passenger traffic by segments between the major urban areas. The
rail volumes shown on this figure are the cumulative total of all rail
passengers traveling on the section of the NEC rail system between each
of the ten NEC urban areas. Trips to and from the New York urban area
form the dominant rall travel pattern in the NEC. About 78 percent of
all 1975 NEC rail trips either began or terminated (or both) in the New
York urban area (Figure 1.4). Approximately 17 percent of the rail
trips were made only between those five NEC urban areas south of New York,
approximately three percent were made only between those four NEC urban
- areas north of New York, and only two percent traveled between urban areas
north of New York and urban areas south of New York (i.e., through New
York).

The percentage of intercity travelers by segment that traveled on
rail also varied substantially through the Corridor. Although the rail
passengers in 1975 average 10 percent of all NEC intercity travelers,
they accounted for less than four percent of the segment total between
Boston and Providence and nearly 17 percent of the total NEC segment

passengers between Trenton and New York (Figures 1.5 and 1.6).
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1.4 DEMAND PROJECTION.

1.4.1 OVERVIEW

In a continuing effort to develop accurate, reliable and policy
sensitive demand projections for NEC planning, a variety of assumptions
concerning 1990 socio-economic and transportation system conditions have
been forecasted since the development of projections used in the Draft
PEIS. Additionally, updated and more reliable travel data for rail, air
and bus have been obtained for the 1975 base year, causing a recalibra-
tion of the demand forecast model.

In the total demand model, for example, forecasts of baseline pop-
ulations and income projections have been revised downward to reflect
more recent trends. This resulted in an expected 1990 total demand fo-
all intercity trips of 117 million rather than 131 million previously
forecast, both being increases over the 87 million intercity trips of
1975. In the mode split model, various scenarios concerning the key
variables such as 1990 fuel cost, rail trip time, frequency of service
and fare have been modeled and a range of 1990 demand for the improved
rail system and other modes has resulted. A basic conclusion is that the
26.4 million rail passenger trips previously (i.e., in the Draft PEIS)
forecast for 1990 rail demand as a result of the NECIP is too high. The
most likely estimates of population, income, fuel price and rail system
service level now yield a total 1990 rail demand of 21.8 million trips
(as compared to 9.6 million in 1975). In addition to a reduction in
total demand, the distribution of projected trips has changed because
of the updated base data.

The general effect of the 17 percent reduction in demand expec-
tation (from 26.4 million to 21.8 million) on the various environmental
effects identified in the Draft PEIS has been assessed and is reflected
in revisions to the appropriate impact analyses of Chapter 3. Where
aporopriate the implications of rail demand 25 percent higher or lower
than that projected is also assessed. A summary of the effects of over- or
under-estimation of demand on environmentaj impacts of the NECIP is

presented in Section 1.4.5.



Without the NECIP rail demand in the Corridor is expected to grow
from 9.6 million in 1975 to 13.2 million trips in 1990, partly as a result
of normal growth and partly as a result of expected increases in fuel
prices which would disproportionately increase the costs of auto and air
trips. Uéing the new ''baseline' or 'most likely' projection for the im-
proved rail system, the number of intercity rail passenger trips in the
NEC is instead forecast to grow to 21.8 million in 1990 as a direct result
of the improvements in travel time, comfort and reliability afforded by
the proposed NECIP. The increase reflects a growth in the rail share of
the travel market from 10 percent of the 87 million intercity trips in
1975 to ever 18 percent of the 117 million intercity trips projected
for the NEC in 1990. Without the NECIP, patronage of the rail system
would grow to 13.2 million in 1990 with only a marginal improvement in
market share.

The sources of the 12.2 million passenger increase in rail trips
over that 15-year period will be: (1) normal rail user growth, (2) persons
who would have made the trip by another mode, and (3) persons who would
not have made the trip at all were it not for the increased accessibility
afforded by improved rail service (i.e., induced trips) (Figure 1.7 ).
Normal growth is estimated to account for 3.6 million or 30 percent of the
12.2 million passenger increase. Trips which will be diverted from autos
will account for 2.5 million; trips diverted from bus will account for
1.9 million; and trips diverted from air will account for 1.35 million.
The remaining 2.85 million are induced] rail trips which represent an in-
crease in total trips due: to rail service level improvements.

The diversion of trips from the other modes will reduce expected
levels of intercity person-miles traveled in automobiles by 3.9 percent
(300 million), in buses by 28.1 percent (192 million), and in aircraft by
11.6 percent (269 million). The reduction in intercity travel time by
rail will not be sufficient to attract significant numbers of the longer
NEC intercity trips (300 to 400 miles), but will have its most profound
effect in the 100 to 250 mile trip range. Diversion of trips in this

lInduced trips are trips which would not have been made because of a poten-
tial traveller's perception of congestion or cost. An improvement such as
the NECIP which reduces real or perceived congestion and cost will! "induce'"
these trips to be made.
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range will be reflected in an increase in average trip length for all
rail passengers from 111 miles in 1975 to 116 miles in 1990.
METHODOLOGY

Intercity travel demand in the NEC has been the subject of a number
of in-depth studies and computer modeling efforts in recent years.]’2
The latest projections of intercity travel demand developed for use in
NECIP planning draw upon the analysis and results of these previous
efforts but depend primarily upon the results of a new recently developed
model..

There are two basic parts to this model. One part is a modified
""gravity' model which forecasts total demand by all modes and the other
estimates mode splits (or share of total demand by mode) by simulating
traveler choice. For the purpose of this analysis, the NEC consists
essentially of the region bounded by the 18 semi-contiguous Standard
Metropolitan Statistical Areas (SMSA) along the east coast from Boston
to Washington. The NEC was aggregated for the purpose of this analysis
into 10 urban areas (see Figure 1.8). Each urban area was subdivided
into a large number of zones for which trip making factors were developed
and projected. Each specific origin-destination pair is modeled (i.e.,
forecasted) separately.

The total demand model was calibrated on historical patronage data
for a number of years between 1960 and 1972. The total demand for travel
between origin-destination pairs is directly related to the attractive
forces of economic activity and inversely proportional to the time/cost of
travel between them and the availability of alternate destinations which
would satisfy that demand. The independent variables used in the regres-
sion model are: city-pair income (median family) product; city-pair
economic perceived cost function (a composite of total time and cost of
trips by all available modes); and alternate destination population

(populations near a city weighted by distance).

]Demand Analysis, Task !, Federal Railroad Administration, 1975.

2Demand Projections for the Northeast Corridor, Peat, Marwick, Mitchell
and Company for the Federal Railroad Administration, January, 1976.

Demand Methodology, Volume 1 Summary, The Aerospace Corporation for the
Federal Railroad Administration, March 1, 1978.
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The mode split submodel, the second part of the overall model,
estimates the mode split among each available mode of travel between a
particular city pair by essentially simulating the travel choices of a
random sample of individual travelers. Each city (origin or destination)
is defined in terms of population, median family income, relative resident/
visitor and business/non-business demand, intrazonal time and cost factors
(peak/off-peak), and time value for business/non-business travelers and
income levels. All modal ports (i.e., rail terminal, airport, etc.)
are specified as to location within a city and are defined by processing
cost and time (peak/off-peak), and parking cost and time. Mode service
characteristics between any two city pairs are specified as to time,
cost, frequency, and a calibration factor which historically accounts
for trips by a particular mode over and above the independent variables
specifically identified.

A key .aspect of the modal split estimation is the generation of sam-
ple travelers with particular attributes. The attributes utilized in
this study are the resident city, desired departure time, purpose of
trip (business/non-business), party size, trip duration, exact origin
and destination, value of time, car availability and modal preference.
(The 1972 Census of Transportation Survey data was utilized to calibrate
a number of these factors.) A traveler with certain attributes is
generated based on historical probability distributions. This traveler
examines all possible paths to/from the ports for his destination/origin
cities, including available terminal access/egress modes (e.g., taxi,
bus, rapid transit, etc.). The traveler converts all time factors
into an overall impedence (i.e., perceived cost) factor based on his
value of time attribute, and then selects that mode which minimizes the
total trip impedence. This simulation is done for a large random
sample of travelers; mode splits are determined by calculating what
oroportion of travelers utilize each intercity mode.

It should be noted that this modeling approach is based on a
calibration of each city pair. There are many city pair combinations

for which historical data were lécking in detail for calibration.
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1.4.3

For the NEC, it was possible to calibrate completely 17 city pairs
which accounted for approximately 80 percent of historical rail pat-
ronage passenger-miles. Due to assumed relationships between these

17 origin-destination pairs and another 12 identified rail-origin des-
tination pairs, it was possible to increase total rail trip estimates
to represent 99 percent of all rail trips. Results could then be
expanded to all city pairs with a satisfactory degree of confidence.

The modeling efforts were undertaken for five separate conditions:
1975 base year; 1982 without improved rail; 1982 with improved rail;
1990 without improved rail; and 1990 with improved rail. The basic
difference in model input for each of the five was the travel time and
frequency of rail trips. In 1982 and 1990 projections without the improved
rail service are the “"basel ine' projections for the NEC and represent
a continuation of the current frequency and quality of rail service
along with the expected socio-demographic changes.

The general expectation is that there will be a surge of demand
over a period of time (possibly up to a year or longer) after improved
rail service is implemented in 1981. Patronage levels are then likely
to level off to a steady growth due to population/income growth
forecasts and other relevant variables.

PROJECTION SCENARIOS

As noted earlier, variables that can impact on rail transportation

are quite numerous and the combinations are practically infinite. It

is therefore prudent to develop a range of scenarios and then a range

of rail (and total) travel demand in the NEC to indicate the uncertainty
involved in forecasting. The 'most likely" projection of 1990 demand
for the improved rail system (21.8 million) was selected from among

the many scenarios examined with the demand model to represent the
scenario which incorporated the best available estimates of the factors
which will affect travel demand in 1930. The FRA will continue the

examination of issues and trends that might have an impact on NEC
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passenger transportation and will update forecasts accordingly. Some
of these factors are policy-related variables that can be controlled by
the operator while other factors are uncontrollable. The key factors

selected for variation in NEC demand forecasting were as follows:‘

e Urban Area Population ~ This factor directly affects the
total number of passenger trips by any mode. Examination
of various recent forecasts (e.g., National Planning Asso-
ciation, Bureau of the Census, etc.), resulted in overall
forecasted range of population growth from now until 1990
from zero percent per year (pessimistic) growth to approx-
imately 1.0 percent per year (optimistic, based on 1972
Bureau of Economic Research). The baseline, or most likely,
projection of total NEC population is 0.35 percent per year
(see Table 1-7).

e Urban Area Median Family Income - This factor also di-
rectly affects the propensity of the population to travel
and the preference for mode of travel. Based on forecasts
from such sources as Data Resources, Inc. (for the FEA)
and the National Planning Association, the range of real
income growth selected was from 1.0 percent per year to
2.4 percent per year. Table 1-8 shows the baseline income
growth projection of 1.7 percent per year.

e Energy (0il) Costs - This factor has a significant impact
on the cost of travel particularly for auto and air modes.
The procedure was to forecast cost of crude oil prices
which in turn was translated into mode operating fuel
costs. The forecast ranges were based on studies conducted
by the Federal Energy Administration, Central Intelligence
Agency, and others and were as follows:2

1982: $14.34 per barrel to $16.40 per barrel
1990: $14.56 per barrel! to $22.10 per barrel

IFor in-depth discussion of the socio-economic and transportation system
factors evaluated for use in the demand modeling, see )ssues Affecting
Northeast Corridor Transportation, Interim Report, prepared for the Federal
Railroad Administration by The Aerospace Corporation, June; 1977 and sub-
sequent updates of February, 1978. A final report is expected during the
summer of 1978.

2All cost estimates have been factored to 1977 dollars.
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Table 1-7

NATIONAL PLANNING ASSOCIATION PROJECTIONS
OF NEC URBAN AREA POPULATIONS
(BASELINE PROJECTION)

Mid-Year Population (Thousands)

Urban Area 1975 1980 1982 1990
Baltimore 2,153 2,256 2,305 2,496
Boston' 3,766 3,799 3,831 3,965
New Haven 421 Luh 453 485
New London? 251 260 262 274
New York 16,343 16,457 16,542 16,787
Philadelphia 4,815 b, 847 4,879 5,007
Providence 910 923 928 950
Trenton 319 339 347 376
Washington3 2,938 2,995 3,034 3,201
Wilmington 513 551 564 612

Total of NEC
Urban Areas 32,429 32,871 33,145 34,153

*Derived by linear interpolation.

TBased on NPAprojections of Boston area SMSA's which in 1970 amounted
to 95.0 percent of the Boston urban area population.

2Based on NPA projections of New York area SMSA's which in 1970 amounted

to 101.8 percent of the New York urban area population.

3Based on NPA projection of Washington SMSA which in 1970 amounted to
103.3 percent of the Washington urban area population.

SOURCE: Regional Economic Projections: 1976, National Planning
Association.




Table 1-8

NOMINAL PROJECTIONS OF NEC URBAN AREA MEDIAN INCOMES
(BASELINE PROJECTIONS)

Median Family Income (1977 dollars)

Urban Area 1975% 1982 1990

Baltimore 15,708 16,902 18,754

Boston 15,703 17,996 20,922

New Haven 14,440 15,941 17,979
New London 13,541 15,142 17,854
New York 15,295 17,041 19,685

Philadelphia 15,415 17,267 19,955
Providence 14,401 15,550 17,317
Trenton 14,796 16,173 18,314
Washington 18,381 20,604 23,889
Wilmington 16,797 19,019 22,356
Total NEC

Urban Areas 15,637 17,454 20,123

*Estimated Actual 1975 Values

SOURCE: 1975 values derived from State Personal Income Estimates (Survez
of Current Business) and 1970 SMSA Census Tracts.

1982 and 1990 values derived from NPA projections (Regional
Economic Projection Series: 1976) and DRI forecast of U,S.
Personal Income (1976 National Energy Outlook).
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In translating these costs into auto fuel costs, it was
estimated that $1.00 per barrel of crude oil translates
into $.025 per gallon at the pump. For comparison pur-
poses, oil prices today are approximately $11.76 (1977

dollars) (weighted by foreign and domestic consumption)
and total average cost of a gallon of gasoline (includ-
ing taxes) is $.655 in the NEC.

[n translating oil costs into air fares, projected fuel
efficiency of aircraft engines was incorporated in the
analysis. For comparison purposes, the percentage real
increase in air fares over 1976 for the selected oil cost
baseline was as follows:

Baseline Air Fare
Year 0il Costs Increase Over 1976
1982 $14.56/bb1 L percent
1990 $17.92/bb1 6 percent

Since bus fuel costs are such a small part of bus oper-
ating costs, it was concluded that the oil cost scenarios
would have little impact on bus fares.

Fuel Efficiency - This factor affects the cost of a
trip and is considered significant, particularly for
the auto and air modes. The estimates are as follows:

Air Fuel Efficiency Auto Average MPG
Year Over 1978 Over 1975
1982 104 percent 121 percent
1990 116 percent 164 percent

Little fuel efficiency changes are forecast for the bus
mode. Rail energy costs were deliberately removed from
this analysis for several reasons. First, there is not

a direct correlation between oil costs (which is a
recognized critical issue for scenario analysis) and
electric rail energy costs. Second, the.energy costs
prorated to passengers is so small to have negligible
impact on fares. Thirdly, a study is underway to examine
rail operating and maintenance costs in detail. And fin-
ally, Amtrak has stated that fare increase will continue
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to be planned at approximately the same rate as the
Consumer Price Index. Nevertheless, the impact of rail
fare variations was examined.

e Rail Fares - Rail fare variation around current fares
was examined within the range of +45 percent to deter-
mine the impacts on ridership and revenue. In addi-
tion, several selected differential fare strategies
were investigated. Rail fares used in the baseline
projection for 1990 are 1976 fares, but since a single
overall regression equation was used, minor variations
may be noted. The assumption of reduced rail fares
used in the projections of the Draft PEIS has been
eliminated as a baseline.

e Rail Frequencies - Rail service frequencies were ex-
amined by various selected values with ranges of minus
67 percent to plus 100 percent over baseline frequen-
cies. Baseline frequencies for 1982 were based on
_Amtrak proposed schedules. Baseline service for 1990
was based on increased frequencies to provide improved
service. Some selected schedule options were also
investigated. The baseline frequencies of trains per
day (each direction) were as follows:

Segment 1982 1990
Washington-Philadelphia 30 37
Philadelphia- New York City. Lo 52
New York City-Boston 15 30

The frequency of trains for 1990 used in the baseline
demand model run is somewhat different than that now
projected (38/53/19 respectively). This is particu~
larly true on the New York City-Boston segment where
the assumption is reduced from 30 trains per day to

19 trains per day. Analysis of sensitivity runs indi-
cates that those demand projections having a trip end
north of New York would be reduced by only about 6§
percent by this change.

* Ranl Times - Section 703(1)(A) (i) of the 4R Act calls
for 2:40/3:40 trip time by regularly scheduled trains"
and dependable service with "appropriate' stops. The
operating scenario chosen for the baseline demand
forecasts was that all stations will receive at least

1 . , . .
See Section 1.5 for discussion of service frequency used in impact
analyses.
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the same frequency of service as presently offered. The
South Corridor would receive premium service with the
same frequency between New York and Washington as Metro-
liner service today (essentially hourly). In the North,
a premium service of every two hours between New York
and Boston was defined as the operational goal. Addi-
tional trains can make various combinations of skip=-stop
service at many intermediate stations.

The 4R Act has directed an examination of trip time goals
of 2:30/3:00 beyond the current improvement program.

Thus this scenario was examined along with parametric
variations of trip times in the range of +30 percent to
evaluate the sensitivity of demand to time.

The above discussions presented the range of values reflecting uncer-
tainty in certain variables that are likely to have an impact on rail and
total transportation in the NEC in the period 1981 to 1990. The combinations
of such variables are still practically infinite. Specific values were
selected within the ranges of the varjous variables. The end points of each
range were obvious values to consider since they will bound the forecast
estimates. A value somewhere within the range was also selected to
represent the ''baseline' or best judgmental value for that parameter. Most
of the scenarios were developed around the baseline for 1982 and 1990 by
varying one or several parameters and evaluating the resulting demand esti-
mates.

For informational purposes the following demand sensitivities have
been identified as a result of the more than 50 scenarios which have been
run to date:I

e Population and Income - Total.trip demand (all modes) was

shown in the Draft PEIS to be 131 million for 1990 under
what is now considered the high (and unlikely) estimate

of population and income. The baseline scenario now yields
a total demand of 117 million intercity trips in 1990.

e Fuel Prices - A 'fuel conservation' scenario in which oil
costs are at the high end and auto speed limits are reduced
and enforced resulted in a 6 percent increase in demand.

lFor more details on scenario assumptions and results, refer to Appendix D
of the Two Year Report on the Northeast Corridor, U.S. Department of
Transportation, February 1978.
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1.4.4

o Rail Fares - Modifications reflecting a conversion to a
constant revenue per passenger-mile showed a 23 percent
increase in demand with only a slight (2 percent) reduc-
tion in revenue from the baseline case. A 10 to 15 per-
cent increase in fares (over 1976) increases revenue by
only 2 to 3 percent while demand drops by 6 to 11 percent.

‘@ Rail Frequencies - On a systemwide basis demand and
revenue are not terribly sensitive to frequency because
of the high service levels already provided. A 30 per-
cent increase in frequency only results in a 5 percent
increase in demand and revenue. Specific city-pairs which
now receive "little'" service would be much more sensitive.

e Rail Trip Times - Demand and revenue are very sensitive
to trip time (elasticity close to one). Improvement from
the 2:40/3:40 mandated by the 4R Act to the 2:30/3:00 trip
times, holding all other factors constant, resulted in an
11 percent increase in demand and a |4 percent increase
in revenue.

The range of uncertainties involved in the demand variables has
yielded a range of 1990 rail demand of 15.5 million to 27.0 million with
a baseline (most )ikely) projection of 21.8 million. The 26.4 million
projection used in the impact analyses for the Draft PEIS is clearly at

the high end of the range. It should be noted that the extremities of

this range resulted frdm scenarios which are considered extremely unlikely.
For example, scenarios resulting in the low end of the range included

fare levels 30 to 45 percent higher than 1976. Scenarios resulting in the
high projection were obtained with extremely optimistic projections of

population and income or with rail fares 45 percent lower than those of 1976.

PROJECTION RESULTS

In 1975, the estimated 32.4 million people living in the NEC made almost
87 million trips by all modes traveling between the NEC urban areas. The
average distance traveled by all modes was 108 miles per trip resulting
in 9.35 billion person-miles of travel. Rail travel accounted for 1.02
billion miles or almost 11 percent of this travel. The rail trips aver-
age 111 miles, slightly longer than the average of all trips (Table 1-9).

By 1990, the 34.2 million people living in the NEC will make more
than 117 million trips between the ten NEC urban areas, traveling more
than 12 billion miles. With the improved rail system, 17.6 percent of
these trips and 20.0 percent of the total miles of travel will occur on
the NEC rail system in the baseline case (Table 1-9):
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Projected NEC trips are accumulated by segment of the Corridor,
by mode in Figure 1.9 for 1390 without the improved NEC rail system
and in Figure 1.10 for 1990 with the improved NEC rail system.

With the improved rail system in 1990, substantial diversions of
NEC intercity trips from other modes are projected. A comparison of the
projected 1990 travel in the NEC with and without the improved rail system
indicates there will be 8.6 million more rail passengers with the improved
rail system. Approximately 5.75 million passengers will be diverted from
other modes of travel and 2.85 million trips induced by the improved rail
system.

0f the 5.75 million passenger trips diverted from other modes, approx-
imately 44 percent will be diverted from auto, 33 percent from bus and 13
percent from air in 1990 if the improved rail system is in operation.
Intercity auto-miles of travel are projected to be lower than otherwise by
3.9 percent, bus passenger-miles of travel by 28.1 percent, and air passenger-
miles of travel by 11.6 percent (see Table 1-10). The most significant effects
would occur in the southern section of the Corridor between Baltimore and New
York where over 25 percent of the total NEC intercity trips would be cap-
tured by rail. When comparing the improved rail system with the unimproved
rail system in 1990, the rail share increases from 14.5 percent to 24.6
percent in the southern half of the Corridor and from 6.7 percent to 11.5

percent in the northern half.

Table 1-10 .
PASSENGER-MILES TRAVELED BY MODE
IN THE NEC, 1975 AND 1990

(Billions)
Percent Change
1975 1990 (Unimproved) 1990 ( improved) (1990 1/1990 U)
Rail 1.020 1.431 2.528 +76.7
Auto 6.488 7.748 7.448 - 3.9
Bus 0.576 0.725 0.521 -28.1
Air 1.267 2.322 2.053 -11.6

The 1990 rail travel to and from the New York urban area with the
improved rail system is by far the most dominant rail travel in the Corridor.

Fully 72 percent of all 1990 rail trips will either begin or terminate (or
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1.4.5

both) in the NEC New York urban area.

The dominance of New York is made even more clear when rail trips are
accumulated as station flows (Table 1-11). New York Penn Station accommo-
dated 31 percent of all rail trip ends on the NEC in 1975. Total trip ends
at Penn Station will nearly double by 1990, but its share of total NEC trip
ends will decline to 24 percent. Stations south of New York will continue
to dominate the generation of rail trips, accommodating 63 percent of all
NEC trips, while stations north of New York will accommodate 13 percent
of all intercity trips.

Aside from NEC intercity patrons, Corridor stations are used by
millions of commuters and long-haul rail passengers each year. Projec-
tions of these actlivities have been obtained from appropriate commuter
authorities and Amtrak for use in NECIP planning and design, These
projections are listed in Table 1-12.

SENSITIVITY OF IMPACTS TO VARIATIONS IN DEMAND

As previously discussed, the factors acting on total travel demand

and mode choice are numerous and the uncertainties involved in their pre-
diction are no less numerous. Certainly the fact that the models were
calibrated on data from years when the rail system in the NEC was (with
the possible exception of the Metroliner demonstration program) deteriorated,
unreliable, uncomfortable and perhaps perceived to be unsafe, would lead
one to believe that, all other things being equal, the model might under-
estimate rail demand. Others argue that the image of the railrpads will
never change. Whatever the case, it is prudent to analyze the implications
of over-or under-estimation of demand with regard to the environmental
effects of the NECIP. Specific sensitivities are discussed:in appropriate
sections of Chapter 3. However, an overview assessment is provided here.
Impacts on the natural environment and cultural resources are likely
not to vary with changes in demand. Since impacts on other rail operations
and on noise are generally a function of the number of trains operating,
demand levels in 1990 that are 10 to 15 percent higher or lower than the
21.8 million baseline projection ‘are likely to cause little change in
this impact category. Fairly small changes in scheduling and in most
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PROJECTED ANNUAL STATION FLOWS

Table 1-11

(NEC INTERCITY RAIL TRIPS ONLY - IN THOUSANDS)

1975 1982 1990
STATION Baseline [ Unimproved {mproved | Unimproved Improved
Boston South 537 592 677 654 923
Back Bay 104 132 154 164 188
Route 128 105 183 356 272 598
Providence 262 349 476 L4g 740
| Kingston 29 L 71 61 120
Westerly 21 28 38 37 63
Mystic 9 16 27 25 L9
New London 156 214 295 281 485
01d Saybrook L 56 68 70 106
New Haven 359 470 856 596 1,258
Bridgeport 50 66 114 84 187
Stamford 152 199 297 253 5n
Rye 76 168 308 274 5N
New York (Penn) 5,982 6,254 7,032 6,565 10,383
Newark 1,321 1,662 2,009 2,052 2,723
Metropark 438 538 830 652 1,464
New Brunswick 395 510 765 641 1,242
Princeton Jct. 652 726 804 810 1,351
Trenton 1,763 2,452 2,852 3,239 4,052
N. Philadelphia 198 207 265 217 4ok
Philadelphia (30th 3,109 3,247 4,159 3,404 6,036
Street)
Wilmington - 529 683 943 858 1,352
Baltimore 897 1,186 1,802 1,516 2,689
New Carrollton 184 266 568 360 1,031
Washington, D.C. 1,856 2,347 3,487 2,909 5,031
TOTAL TRIP ENDS 19,228 22,595 29,313 26,442 43,547
TOTAL TRIPS 9,614 11,298 14,657 13,221 21,774




Table 1-12

PROJECTED ANNUAL NEC, COMMUTER AND INTERCITY

LONG-HAUL STATION FLOWS, {990
Trip Ends in Thousands
STATION Commuter Lor!ﬂ_Haul1 NEC Intercity2 Total
Boston South 3,:834.0 118.1 923.0 4,872.1
Back Bay 2,032.0 31.8 188.0 2,251.8
Route 128 388.0 7.1 598.0 993.1
Providence 1,344.3 29.7 740.0 2,114.0
Kingston - - 120.0 120.0
Westerly - - 63.0 63.0
Mystic - - 4g.o k9.0
New London - 17.0 485.0 485.0
- 01d Saybrook - - 106.0 106.0
New Haven 594.0. 36.5 1,258.0 1,888.5
Bridgeport 565.0(e) na 187.0 752.0+
Stamford 1,728.0 15.5 511.0 2,254,5
Rye 810.0 12.2 511.0 604.2
New York (Penn) 67,770.0 1,415.0 10,383.0 79,568.0
Newark 11,988.0 200.0 2,723.0 14,911.0
Metropark 1,350.0 5.8 1,464.0 2,819.8
New Brunswick 1,026.0(e) na 1,242.0 2,268.0+
Princeton Jct. 708.0(e) na 1,351.0 2,059.0+
Trenton 1,566.0 108.4 4,052.0 5,726.4
N. Philadelphia 255.0(e) na 1S40 709.0+
Philadelphia (30th
Street) 11,070.0 235.6 6,036.0 17,341.6
Wilmington 918.0 47.2 1,352.0 2,317.2
Baltimore 918.0 110.0 2,689.0 3,717.0
New Carrollton na 8.8 1,031.0 1,039.8+
Washington, D.C. 7,182.0 495.0 5,031.0 12,708.0

]Long-haul trips are those having an origin or destination on the NEC but not
These trips are not included in NEC inter-
city projections (Table 1-11), which have both trip ends on the NEC.

both (i.e., New York-Montreal).

2See Table 1-11.

(e) = Estimated based on daily counts times 270.

SOURCE:

na = Not available.

Except as noted or in cases where subsequent agreements have been

reached with appropriate Commuter Authorities, projections are as
reported in Corridor Station Requirements, Task 12.1, Federal
Railroad Administration, July, 1976.
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cases decreased or increased train consist can accommodate such varijations.
Fare adjustments in these ranges would be applied if necessary to insure
no change in total Amtrak revenue since demand is relatively inelastic
over small ranges with respect to fare. |[If the demand change were to
result from a 10 to 15 percent higher or lower diversion from the other
intercity modes, then the projected benefits of the project on energy
consumption and air quality would be correspondingly reduced or increased.

If the project has significantly underestimated demand, that re-
5ponse would inevitably cause rethinking about the level of investment
which is warranted in the NEC rall system and result in additonal in-
vestment to improve service levels and to eliminate rail congestion with
other modes. Benefits of the project with regard to diversion of air and
auto trips, reduction of Amtrak deficit levels, reduced energy consumption,
improved air quality and revitalization of station areas would be magni-
fied accordingly. Expanded schedules would result in increased noise
levels at some locations and further reduce the ability to open movable
bridges to main traffic on call. Additional investment to accommodate
increased traffic at stations may also be rgquired. Further reductions
in revenue for bus companies due to higher than expected diversion from
bus would further aggravate the financial position of those companies
operating in the Corridor. 7

Gross over-estimation of demand, on the other hand, would require
cut-backs in the planned schedule for intercity service. The "“cost'' of
such an error would be the capital investment in the improvements plus
the minor adverse natural environment, cultural, and land-use/socio-
economic impacts that will be associated with the physical aspects of
improvement. These ''costs' must of course be weighed against the
benefits that the project would have even if no additional demand were
generated, such as a better, safer and faster ride for existing users,
improved efficiency and reduced maintenance requirements for Amtrak,
improved operations for commuter and freight users of the Corridor,
improved reliability of movable bridges, and rehabilitation of stations

and station areas.



15 THE FUTURE RAIL SYSTEM

1.5.

Although the proposed action is a program of physical improve-
ments which will only allow improved rail service in the NEC, it is
the intention of Congress, the FRA and Amtrak to implement subsequent
increases in rai) service in order to encourage major increases in
rail patronage. The amount and nature of that service will be prime
determinants of the long-term impacts directly resulting from the
NECIP (especially those upon transportation, socio-economic factors,
air, noise, and energy). This section is designed to identify re-
sponsibility for the future operation of the system and to postulate
future service characteristics which can reasonably be used as the

basis for long-term (operational) impact analyses.

SCHEDULING AND OPERATING RESPONSIBILITY

The National Railroad Passenger Corporation (Amtrak) will have
responsibility for all fares, schedules, stops, operating procedures,
marketing, maintenance and other actions which comprise the intercity
passenger service during and after the NECIP. The year-to-year
implementation of service expansion by Amtrak will be the result of
continuing market analysis, cash flow considerations, and, if neces-

sary, public financial support.

Amtrak has a five-year improvement planl and is currently engaged
in long-range service planning, but cannot be definitive about 1990
service levels, The FRA, in an effort to assist Amtrak in basic re-
search regarding equipment options, equipment mix, routing and
scheduling, is engaged in a detailed study of these factors but will

not complete this effort until sometime during the summer of 1978.2

]Five Year Corporate Plan, Fiscal Years 1977-1981, National Railroad
Passenger Corporation.

2See Two-Year Report on the Northeast Corridor, U.S. Department of
Transportation, February, 1978, for preliminary findings of this
analysis.
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With preliminary results of this analysis, as well as input from
Amtrak, a rail service schedule for the NEC in 1990 was developed for

use in the analysis of long-range impacts of the NECIP.

1.5.2 ANTICIPATED FUTURE SCHEDULE

Future NEC service will encompass all 26 stations currently
served by Amtrak and no station will suffer a reduction in intercity
service as a direct result of the NECIP. All stations will receive
service which will directly benefit from the track improvements made
by the NECIP. A selected set of regularly scheduled trains which
make five intermediate stops will be required to meet the trip time
goals of the 4R Act. Trains which stop at more than five stops and
other trains such as New York to Philadelphia ''clockers' will not be
required to meet those goals but will realize comparable speed in-

creases.

Scheduling projections are based on the peaking characteristics
of demand, improved trip time, reduced dwell time at stations,
maximum train consist of 14 cars and improved turnaround times. Clearly
the service must, and indeed does, reflect the fact that over 80
percent of total NEC patronage will be between the urban areas (i.e.,
have both trip ends) in the New York to Washington segment. The
1990 NEC schedule postulated for impact analysis is accumulated by

segments as follows:
Trains Per day (Each Direction)

Corridor i 5 3 ; A
Segment 1975 . 1976 1977 1990 (improved)
Bos~NH 11 10 n 19

NH-NY 14 13 12 23

NY-Phil 4 4o 39 53

Phil-Wash 25 25 25 38

Tamtrak All-America Schedules, effective May 15, 1975

2Amtrak National Train Timetables, effective October 31, 1976
Amtrak National Train Timetables, effective June 22, 1977.

hThe Draft PEIS showed higher levels of expected service on the New
York-Washington segment. The reduction reflects the revised demand
projection for 1990 which now predicts 21.8 million annual rail trips
rather than the 26.4 million previously projected (see Section l.hi

Service on the Boston-New York segment remains unchanged because hourly
service on the improved NEC is felt to be a minimum basic service

consistent with overall goals.
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1.5.3

Service on the Boston to New York segment of the NEC would thereby
be expected to increase from recent service levels of about one train
every two hours during the normal travel day to one train each hour,
with the possibility of two trains per hour during peak periods. The
23 trains per day on the New Haven-New York segments reflect an expected
increase in Springfield-Washington through trains (which join the NEC'
at New Haven) from three to four by 1990. Feeder line studies are cur-
rently being undertaken to evaluate service on this route as well as
routes to Harrisburg, PA and Albany, NY.

The basic service on the New York-Washington segment is 38 trains
per day, or about two trains per hour over the normal travel day with
supplementary service during peak periods. Continuation of 15 New York-
Philadelphia ''clockers' brings the expected density of intercity service
on that segment to 53 trains per day in 1990.

The aBove discussion accumulates trains by segment; in reality,
train routes are likely to include some New York-Boston trains, New
York-Washington trains, New York-Philadelphia trains and some Boston-

Washington through trains.

FUTURE SYSTEM CHARACTERISTICS

The improved service will be manifested primarily in the reduction
in travel time (Table 1-13) and increased service frequency. The best
available service now requires seven hours, fifty minutes from Boston to
Washington (assuming one made a transfer to a Metroliner for the New York
to Washington section) with an average speed (including station stops)
of 50 mph. The NECIP goals will increase average speeds to 70 mph and
allow six bhour, 30 minute service for the 4S6-mile trip.

The following increases in the quantity of rail service are pro-
jected. Tables 1-14 and 1-15 give detailed breakdowns of the 1975 and
1990 seryice levels. Projections for the 1990 improved service are
hased on schedule assumptions previously described. Projections of
service levels for 1990 without the NECIP presume continuation of cur-
rent train schedules but with larger consists to accommodate the higher



demand and with some improvement in load factors over 1975 as is con-

. . . 1
sistent with recent experience,

- 1990 1990
1975 (Unimproved) (Lmproyved)

Train-Mi_Ies2 7.2 million 7.2 million 10.6 million
Average Train
Consist 5 cars 6 cars 5 to 7 cars
Car-Miles 38 million 43 million 55 to 71 million
Seat-Miles 2.6 billion 2.9 billion 3.9 to 5.0 billion
Load Factor L1 percent 50 percent 51 to 65 percent

Rolling stock for use on the NEC in 1990 will either be an advanced
version of the self-propelled Metroliner cars currently used by Amtrak
south of New York, or locomotive hauled coaches similar to present Amfleet
service but hauled by higher performance locomotives, or some combination
of the two. Amtrak has placed an order for eight AEM-7 high-speed loco-
motives for revenue service and plans to replace all 40 GG-1s currently
in use on the NEC with locomotives of this type by 1981.

IOverall load factors for NEC service in FY 1977 were 52.4 percent for
Metroliners and 45.6 percent for conventional trains. See Northeast
Corridor Lmprovement Project, FY 1977 Annual Report, Federal Railroad
Administration, February, 1978,

2A train-mile is a scheduled train traveling one mile. A car-pile is

a scheduled car traveling one mile, or the number of train-miles times
the average train consist. A seat-mile is a scheduled seat traveling
one mile, on the number of car-miles times the average number of seats
per car. Load factor is annual passenger miles divided by annual seat~
miles



Table 1-13

AVERAGE SPEED AND RUNNING TIME
NEC RAIL SERVICE

Average Running

Present Service Speed Time!
Conventional Trains

Washington - New York 56.5 mph 3'58"

New York - Boston 48.5 Leym

Washington - Boston 50.4 9'o4"
Metroliner

Washington - New York 74.0 302"
Proposed Hlgh-Speed Service

Washington - New York 84.0 2V 4o

New York = Boston 63.3 3 40"

2 6'30“

Washington - Boston 70.

]Running time in hours (') and minutes ('').

SOURCE: Table IX of the AMTRAK First Annual Report on the Northeast
Corridor dated March 4, 1977. :
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18 TRADE-OFF ANALYSIS

1.6.1

THE NEED FOR TRADE-OFFS

The level of funding available to the NECIP will allow development
of a faster and more reliable intercity rail passenger service in the
Northeast Corridor, but clearly cannot meet all of the demands of all
interests. For example, it will not correct all of the '"errors' made
in the original construction of the rail system (such as the use of
valuahle shoreline property for its route or construction of bridges
with clearance which eventually proved to be inadequate). Nor will
it provide the expanded capacity necessary to permit independent
operation of intercity, commuter and freight services, even where
congestion is cometimes severe (such as the Baltimore tunnels).

Finally, it will not allow construction of all of the facilities which
may be required by ever increasing levels of intercity, commuter and
freight usage, even though design will most assuredly consider and

not preclude such expansion.

The competing demands on program development can perhaps be best
illustrated by an examination of some of the comments received on the
program as proposed in the Draft PEIS.

The Secretary of Transportation in Massachusetts, the Massachusetts
Bay Transportation Authority (MBTA), the City of Boston, the City of
Providence, the Connecticut Department of Transportation, and the Sierra
Club chapter in Massachusetts requested that the Program be implemented
in a manner which will enable an eventual three-hour trip time between
Boston and New York City. Such a system will require electrification.
On the other hand, the Tri-State Regional Planning Commission and the
Port Authority of New York-New Jersey questioned whether electrification
should be installed between New Haven and Boston. Instead, they favored
projects such as a high level Portal Bridge, greater improvement to Penn

Station, greater tunnel improvements in the New York City area and

1-63



construction of flyovers in the vicinity of the Shell and Harold inter-
lockings. MBTA and the Rhode Island Department of Transportation
suggested that a third track must be installed between Providence and

an area south of Boston due to the capacity problems created by the
increased speed of Amtrak trains in this area. Several groups favored
the construction of a new station near the Co-op City area of New York
City. Many freight users on the Corridor suggested that a new tunnel

be constructed in Baltimore to eliminate congestion in that area. Many
of these groups also favored the reconstruction of a bridge at Poughkeepsie,
New York to allow freight movement into southern New England. Other
groups favored the higher cost improvement of the Inland Route over the
Shoreline Route in the New Haven to Boston segment. Finally, a large
number of municipalities and states urged the rehabilitation or recon-
struction of various overhead and undergrade bridges In order to improve

motor vehicle traffic flow, safety and clearances.

What would this ''ideal’ system cost? That, of course, is a difficult
question to answer because of the myriad of interrelated options which could
be incorporated. Nonetheless, evaluation and cost of all of the components
of this "ideal" system was absolutely essential for sound program develop-
ment in the sense that it provided the ''shopping list" of improvements from
which a logical program (which met the goals of the 4R Act within the
available funding) could be selected. This '"shopping 1ist" was prepared
by the Project in a report called the Baseline Plan.'

The Baseline Plan. The Regional Rail Reorganization (3R) Act of 1973

authorized the engineering studies necessary to define performance speci-

fications, program requirements and costs of the total renewal of the
existing system. Although these studies2 were directed towards a design
to accommodate faster trip times and higher demand levels than are
currently defined, they also clearly assessed the condition and potential
of the existing rail system and the costs to eliminate the effects of

years of deferred maintenance on the Corridor rail system.

]BaSeline lmplémentation Master‘Plan,‘De Leuw, Cather/Parsons and
Associates for the Federal Railroad Administration, April 1977.

2Published as Tasks 1 thru 21, Northeast Corridor High Speed Rail .
Passenger Improvement Project by the Federal Railroad Administration,

1975 thru 1977.




The estimated cost of this complete renewal of the NEC rail system,
derived largely from these previous task reports but scéled down in areas
such as curve realignments to reflect lower trip time goals and demand
levels, is contained in a Baseline Plan developed early in 1977.] This
Baseline Plan included: a substantial curve realignment element; con-
struction of flyovers at Harold, Shell, Lane and Bay interlockings;
total renewal of two ''dedicated' passenger tracks and major interlocking
work; replacement, upgrading or repair of 755 of the 772 undergrade
bridges on the Corridor; a uniform electrification system for the entire
Corridor and numerous other improvements. The cost identified for
Baseline Plan improvements was $3.5 billion (Table 1-16). Other improve-
ments identified as options in the Baseline Plan or in subsequent
analyses included a new Presstman Street tunnel in Baltimore ($223
million), a third track in all two track territory between the Gunpowder
River and North. East Maryland ($288 million), a high-level Portal Bridge
in New Jersey ($86 million), a third track in MBTA territory in
Massachusetts ($15 million), and an array of other track additions or
interlocking reconfigurations ($50 million). These options brought
the total cost of the ''ideal' system improvement to over $4 billion.

The cost of correction of substandard clearances at undergrade bridges,
of structural rehabilitation or replacement of all overhead bridgés, or
of diversion of through freight to parallel routes would add millions
more to this total.

It is important to note that most of the projects identified as
desirable for inclusion in the Baseline Plan were supported by one or
more parties in the comments to the program described in the Draft PEIS.
Al] of the concerns expressed in the comments and in the program planning

process have considerable merit. The decision of the Administration and

]Baseline Implementation Master Plan, De Leuw, Cather/Parsons and
Associates for the Federal Railroad Administration, April 1977.

1-65



1.6.2

Congress, however, which limited NECIP funding to $1.75 billion in 1975/
76 because of competing national priorities, clearly do not permit in-
clusion of all desirable improvements in the program. Necessarily,
therefore, compromises and trade-offs were required in the program de-
velopment. Subsequent sections describe the framework and factors which
comprise the trade-off process, a process which is very much an ongoing

program development process.

THE PROGRAM DEVELOPMENT PROCESS

Authorization of funding for the NECIP by the 4R Act initiated de-
velopment of a framework or planning process by which individual improve-
ments would be selected for incorporation into the program. The first
step was the development of the System Performance Specification, a first

level planning document which delineated the specific performance capability
to be achieved by balancing interpretation of the goals of the Act against
state-of~the~art technology, available funding and other similar constraints.
Along with the more apparent, explicit goals such as travel time and on-

time performance, the System Performance Specification sets goals in other
areas related to the project, such as the provision for future expansion

of the system, accommodation of other users of the Corridor, ride comfort,
maintainability, accessibility by the elderly and handicapped, and
environmental compatibility. In short, the System Performance Specification
is the project foundation in terms of the desirable, functional performance

goals in both quantitative and qualitative regards.

Under the umbrella of this first level planning document, a complex,
iterative process of evaluation and trade-off of site-specific improvements
and systems was undertaken. The overall task is one of selecting a
balanced set of Program Requirements and an Implementation Master Plan which

provides the greatest overall benefit with available funds. It is this

Iterative process,. still very much an oﬁ-going process which continues
to narrow the program to that which is ultimately implemented.
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The Program Requirements identify the site-specific improvements

needed to accomplish the goals defined by the System Performance Speci-

fications which introduced constraints not applied to the Baseline Plan.
The task reports generated by the 3R Act, as previously discussed, provided

much of the basic criteria and inventory input for the Program Reguirements.

Sophisticated numerical tools which simulate train performance and operations
continue to be used in the program evaluation process (see Section 3.1.3).

The development of the Implementation Master Plan (IMP) also

significantly affects the selection of improvements which can be included
in the program. The IMP is the overall schedule into which the design

and construction of the individual Program Requirements are fit. The

key constraints in the IMP's schedule are construction related (tréck
availability selected to minimize train delays and procurement of long
lead time items). Design and overall construction periods are fit in
around these and other constraints. The scheduling of a specific im-
provement permits accurate projection of the cost of that improvement.
Items scheduled for construction in 1980 will, for example, cost more
than if they could be scheduled in 1978 because of inflation. Summing
these projected costs against a fixed budget constrains the total amount
of work which can be undertaken.

The finalization of the Program Requirements and the Implementation

Master Plan is clearly an iterative process which is by no means complete.
Additional environmental impact assessment, agency coordination, achieve-
ment or non-achievement of specific agreements for matching funds or
operating rights and refinement of design and cost estimates have caused

and will continue to cause revisions to the program.

1.6.3 THE FACTORS INFLUENCING PROGRAM DEVELOPMENT

in developing the Program Requirements and implementation Master

Plan, a multitude of legislative, political, systemwide and site-

specific constraints were taken into consideration. These constraints
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took the form of a series of factors whichwere developed and applied to
arrive at the optimum program which would meet the intent of the 4R Act
within the funding level authorized by Congress. These factors include:

- Accomplishment of the goals of travel time and reli-
ability contained in the 4R Act;

- Uniformity of the entire system;

- Compatibility with possible future expansion;

- Geographic distribution of facilities;

- Minimizing environmental impacts of the improvements;

- Minimizing impacts on other rail system users;

- Economic stimulus;

- Time necessary to complete the improvement.
Through the continuing application of these factors, an attempt was
and continues to be made to balance the competing and sometimes
contradictory interests along the Corridor in a reasonable manner
beneficial to the jurisdictions and the public at large.

The following paragraphs illustrate the manner in which these

factors were and are being applied.

The accomplishment of trip time and reliability goals contained

in the 4R Act are essential to the entire program. To meet these
goals, a series of inter-related improvements became necessary. For
example, as improvements were selected which would allow increased
speeds, the necessity for improved signaling and electrification became
greater to ensure that increased speeds could be reliably attained from
these improvements.

Improvements to track structures and bridges, together with the
elimination of grade crossings, will enable trains to operate at higher
speeds. The construction of maintenance facilities for both rolling stock

and the physical plant will ensure continued high levels of reliability.
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System uniformity involves the concept that the Corridor be viewed

as a single system with design and performance standards applied uniformly.
This translates into a series of improvements which are directed at
minimizing future maintenance costs while maximizing operational effi-
ciency and flexibility. For example, the uniform electrification

system throughout the Corridor reduces maintenance since two different
types of rolling stock will not be necessary, and since the system will
utilize standard 60 cycle components throughout the Corridor.

Elimination of deferred maintenance takes into consideration that
little maintenance has been routinely performed on the Corridor over
the past 20 years. To meet the trip time and reliability goals, a signi-
ficant portion of the available funds (as much as $1.16 billion, or
nearly 67 percent of the available funds) are directed toward performing
the previously deferred maintenance necessary to restore and insure the
structural and operational integrity of the existing system. The level
of expenditure necessary for elimination of deferred maintenance virtually
eliminates projects which are solely related to expansion of the capacity
of the existing system. In addition to the elimination of deferred
maintenance of track structures, bridges, and related system components,
the emphasis is placed on the rehabilitation of existing stations rather
than the construction of totally new facilities.

To the maximum extent practicable, improvements are to be designed
and constructed in a manner which is compatible with possible future
improvements which may take place. The 4R Act specified that the possible
future trip time to be considered is three hours from Boston to New York

and two hours, 30 minutes from New York to Washington. The electrification
system, for example, is being designed to accommodate 150 mph speeds in
areas where that speed is potentially attainable. Signaling, route
realignments and new bridges are being designed and constructed with

track centers and other standards which will be compatible with increased
speeds in the future. The incorporation of compatibility with future

expansion into the design and construction of improvements has marginally
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increased initial costs of these projects, but may reduce necessary ex-
penditures in future years. The increased cost, which reduces the funds
available for other improvements in this program, was felt to be justified
by the extremely high cost of expansion in future years versus the
marginal cost of its incorporation at this time.

The geographic distribution of several types of improvements is

important for several reasons. With respect to maintenance facilities,
it is important to locate facilities so as to reduce the amount of time
that equipment or track segments are out of service for necessary main-
tenance. The spacing of substations for the electrification system is
being done in a manner which minimizes energy losses due to transmission
of current. Geographic distribution is also important to the process by
which stations have been selected for eligibility for operational improve-
ments. For example in Boston, South Station and Back Bay Station are
located within one mile of each other, as a result Back Bay is not in-
cluded in this program. in Philadelphia, North Philadelphia Station
~ was not selected partly because it is only four miles from 30th Street
Station and has excellent connections to that station via rail commuter
services. Furthermore, vehicular access is constrained and the station
is remote from the major commercial center of the city. On the other
hand, one of. the considerations in the selection of Providence and New
London Stations was that they serve the major population areas between
New Haven and Boston.

The selection of the improvements to be included in the program

includes consideration of numercus environmental factors. For example,

route realignments were eliminated from inclusion in the program in
areas where sensitive wetlands, parks or historic resources would have
been significantly impacted. In many other projects, environmental or
historical factors triggered revised design concepts, modified criteria
for site selection, and inclusion of pollution control specifications
in proposed construction contracts, While these refinements increase
the cost of the specific improvement in some instances, they eliminate
or significantly reduce the negative environmental impacts associated

with the improvement.



An important factor for consideration was the impact a proposed

improvement would have on other users of the rail system., The program

is designed to accommodate all current rail users, as well as to the
maximum possible extent the future growth projected by other users of
the system. The impact of the improvements to electrification and
signaling systems on commuter operations led to the inclusion of
funding in the program for the modification of eligible commuter rolling
stock to be compatible with the improved systems.

One of the goals of the Program established by Congress in the

4R Act was to stimulate the economy. In order to accomplish this goal

in the near term, various improvements have been included in the program
which have the advantage of putting people to work quickly and training
these individuals for the future. These projects include bridge painting,
minor bridge repairs and clearing the right-of-way of debris. Were it
not for the goal of near term economic stimulation, it is likely that
some of these projects may not have been included in the NECIP.

The final factor considered in the development of this Program
involves the time necessary to complete the project. The 4R Act has
mandated project completion by February, 1981. Although it now appeafs

that some construction activity may extend beyond 1981, the goal is still
to complete improvements which will allow accomplishment of the trip time
goals by 1981. The effects of track availability and procurement of long
lead time items on program scheduling were previously mentioned.
Another example of the influence of this factor is the fact that replacement
of ties with new concrete ties is limited to the number of miles of ties
which can be replaced by the new Track Laying System in the three remaining
construction seasons,

Both the development and application of these factors involve difficult
balancing of goals and needs. In many cases there are no easy trade-
offs. For example, reasonable arguments can be made that greater levels
of improvements at stations should be made at the expense of other subsystems

such as bridges, or that certain improvements which emphasize expansion of
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1.6.4

the present capacity of the system should be included in the Program in
place of certain of the improvement projects. These arguments and others
have been recognized and evaluated in both the development and application

of these factors.

THE EVOLUTION OF THE PROGRAM

The efforts undertaken to reduce the unconstrained Baseline Plan
to an optimum program which met all of the criteria previously discussed
resulted initially in the "August (13977) IMP" which was the basis for the
proposed action described in the Draft PEIS (Table 1-16)}.

Transition from the “August (1977) IMP" to the version which describes
the program as currently contemplated (referred to as the Proposed Action in
Table 1-16 and described in Section 1.7), reflects continued refinement of
the program development process. The trade-offs made as a part of this
process Include reduction of speed related improvements found not to be
necessary to meet trip time goals, continued refinement of engineering
and cost estimates, and continued analysis of environmental effects includ-
ing comments received on the Draft PEIS, The following paragraphs describe
the evolution of each element of the program from the Baseline Plan to the
"August (1977) IMP! to the currently Proposed Action.

Continuing performance simulations permitted a substantial reduction
in the curve relignment effort and elimination of the four flyovers of the
Baseline Plan while still ensuring achievement of trip time goals, The
cost of the route realignment element was reduced from $439 million to
$165 million at the time of the ''August IMP'"' and now to $43.5 million for
the current proposal.

Recognition of the fact that the dedicated track concept was not
implementable under this program and refined data on trackwork productivity
reduced the trackwork element from $932 million to $498 million at the
time of the "August IMP''. The trackwork program still reflected a desire
to maximize the renewal of the NEC trackbed as a priority, constrained
primarily hy limitations on track availability and productivity of the
Track Laying System in tﬁe three years which remain in the mandated five~
year program. Reconfiguration of additional interlockings to achieve
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operational flexibility and capacity mandated an increase in the track
structure program since the "August IMP"., The priority given to renewal
of the NEC trackbed is still clearly in evidence in the Proposed Action,
accounting for one-third of the entire budget.

The bridge program outlined in the Baseline Plan drew from a previous
study of bridge inspection which rated bridges as '‘adequate'', ''questionable',
or "critical' in terms of their ability to provide the long-term load
capacity demanded by NEC operations. The Baseline Plan included the work
necessary to bring all bridges to a ''30-year life expectancy'. The
bridge program for the''August IMP''was cut to include only the necessary
work on those bridges which fell into the "critical' category (with the
exception of certain minor repair projects already contracted to Amtrak
for early training and employment). In developing the currently Proposed
Action, additional bridge repair work was deferred in order to reduce
the bridge program budget to cover higher estimated costs in other system-
wide elements. Bridges with borderline structural adequacy have been and
are continuing to be reassessed to reduce repairs to those absolutely
essential or to defer the improvement.

The electrification program was initially reduced for the '‘August
IMP" due to refinement of cost data on system requirements and a new
lower estimate of affected bridges. In addition, deferring conversion
of the MTA/ConnDOT segment and resulting need to convert that line's
new commuter cars at very substantial cost also allowed significant re-
duction in the electrification cost estimate. The signaling budget of
the "August IMP'" reflected the elimination of CTC and reverse signaling
on all but the two-track segments. The electrification, signaling and
communication programs remain largely the same as in the August version

of the Implementation Master Plan, but budgets reflect continuing refine-

ment of cost estimates and design.



The fencing program initially was reduced reflecting the abandon-
ment of the total Corridor fencing concept due to local cost sharing
and environmental objections. The program did not substantively change
between the "August IMP' and the Proposed Action except for the addi-
tion of fencing at certain parks.

The grade crossing program did not change between the Baseline
Plan and the "August IMP", The number of crossings included in the
program since that time, however, has been reduced to 19 because
coordination with the Federal Highway Administration (FHWA) revealed that
seven of the original 26 crossings were already included or were being
eliminated in conjunction with the FHWA public grade crossing elimination
program.

Reduction in the station program since the Baseline Plan reflected
a scaling down of improvement level at all stations. That budget has
not changed since the "August IMP'" despite the addition of New
Brunswick, Princeton Junction, and Rye to the list of stations eligible
for operational improvements and the opening of the non-operational
category to all stations on a first-come, first-served basis. At this
time, the budget allocation between the stations is undecided. (See
Section 2.8.2 for discussion.)

The maintenance and service facility budget has been reduced in
development of the ''August IMP'' and again én development of the Proposed
Action. This, combined with refined cost estimates for the bases, results
in the deferral of four and construction of only nine of the 13 original
MOW bases in the current program.

The tunnel program was initially scaled downward from the Baseline
Plan in spite of the addition of improvements to the East Haven tunnel.

The budget has since expanded slightly to reflect refinement of cost
estimates and design.
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In general, the program is one of compromise from ideal improvement levels
in all elements. The emphasis has been retained in those areas related to deferred
maintenance and maximizing the usability of the existing physical plant. Bridge,
track, tunnel, signal and communication improvements account for 60 percent of
the total program budget. Speed related improvements have been limited to the
extent necessary to meet trip time goals. No major expansion of system capacity
is planned at any point on the Corridor, but improvements to solve those site-
specific capacity problems which would degrade existing commuter or freight
service are being incorporated.

The program development process is ongoing and subject to further refinement
and definition as the project proceeds. For example, there are many program
details which cannot be settled until actual site-specific engineering design
is complete. Certain other critical factors such as cost inflation, agreements,
refinehent in cost estimates within the fixed total budget limitations, and
continuing environmental impact evaluation may also cause modifications to the
program. Thus, this statement has attempted to identify all the major program actions
and impacts WhiCh.TEZ occur even though the actual program may not be able to
complete all the actions planned or discussed. In the event that major subsystems

or elements of subsystems are deleted from the Program, additional detailed analysis

will be performed.



1.7 DESCRIPTION OF PROPOSED PHYSICAL IMPROVEMENTS

1.7.1

The proposed physical improvements under this program are grouped
into eleven distinct elements. These sub-program elements are described

in detail in the following sections:

1.7.1 Route Realignments 1.7.6 Communications
1.7.2 VTrack,Structures 1.7.7 Fencing and Barrliers
1.7.3 Bridges 1.7.8 Grade Crossing Eliminations
1.7.4 Electrification 1.7.9 Stations
1.7.5 Signaling and Traffic 1.7.10 Service Facilities
Control 1.7.11 Tunnels

Each element has been system engineered in order to identify the
location, level and time frame of the proposed improvements. Coordination
both within and between the elements played a vital role in the develop-
ment of the NECIP. The cost effectiveness of the individual or groups of
site-specific improvements has been determined by a series of trade-off
analyses which subsequently was translated into systemwide program require-
ments/proposals.

The extent to which the sub-program elements will be implemented
under the NECIP is shown on the Project Activities by Location (PAL)
charts contained in Volume |1 of this statement. Corresponding segments
of the PAL charts are printed facing the Environmental Planning Factors

exhibits.

ROUTE REAL IGNMENTS

Route realignment is a broad term used to summarize four interrelated
types of improvement. These are: (1) curve realignments, (2) rail/rail
grade separations, (3) additional tracks, and (4) increasing the center-
to-center distance between tracks. These various improvements contribute
to safer high speed operation, increase system capacity, reduce operational
conflicts, improve maintainability, and increase rider comfort. The extent
to which these improvements will be implemented under the NECIP is dis-

cussed below.
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Curve Realignments. Of the 415 identified curves along the Corridor,

76 are being design investigated for realignment. Of these, 62 have been
selected for complete design iand construction based on engineering analysis
and environmental sensitivity. Candidate curve realignments were initially
evaluated and ranked on the basis of cost per minute saved. Environmental
factors were integrated into the process by identifying potential socio-
economic and natural environmental impact levels for each candidate curve.
Finally, the magnitude of the entire curve realignment program was balanced
against the costs and benefits of other NECIP projects, which when coupied
with information obtained from additional Train Performance Calculator (TPC)
test runs, relinquished the need for major curve realignments to obtain the
desired trip time goals. This process and the list of proposed realignments
is continually being refined as more data are obtained and the level of
engineering progresses.

Of the 62 proposed curve realignments, eight will be implemented due
to station platform reconfiguratioh, six due to bridge replacements and
ten due to interlocking reconfigurations. The remaining 38 curves will be
modified by making relatively minor changes in spiral length (transition
area between curve and tangent) and/or supereievation (banking) increases to
a maximum of six inches.

The magnitude of track shifts associated with these realignments varies
from less than 0.1 feet to a maximum of 37 feet. Approximately 85 percent
of these proposed realignments will cause track shifts of less than five
feet. Further, it is expected that if all curves are shifted in the manner
presently planned, four will significantly affect bridges. Realignment of
these four curves would require the widening, shifting or replacement of six
bridges. A complete list of the proposed curve realignments by state is
~given in Table 1-17. Also shown are the bridges affected. A detailed list
of individual curves is given in Appendix A of this statement.
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Table 1-17
PROPOSED CURVE REAL{GNMENTS

Number of
Number of Bridges Affected
Total Number Realignments That (Undergrade and
State of Realignments Affect Bridges Overhead)
Massachusetts 5 0 0
Rhode Island 11 0 0
Connecticut 18 1 1
New York 2 0 0
New Jersey 8 0 0
Pennsylvania 4 2 2
Delaware 5 0 0
Maryland 23 1 3
Washington, DC _0o 0 0
TOTAL 76 4 6

Grade Separations. The vertical separation of crossing railroad tracks

(i.e., grade separations) reduces conflicting train movements. Existing
train operations and the resuits of operation simulations were reviewed to
identify those sites where current or future operations resulted in train
conflicts. These conflicts cause congestion and delays which could affect
trip-time goal reliability. The grade separation studies were conducted at
Bay (Baltimore, MD), County (New Brunswick, NJ), Lane (Elizabeth, NJ), Harold
(New York City), and Shell (New Rochelle, NY) interlockings.

At the five sites, the delays due to track reconfiguration and conges-
tion were determined and the distribution of delays examined. The alterna-
tive of a grade separation was compared to a reconfiguration of the inter-
locking and/or track. At all five locations, it was determined that
reconfiguration or upgrading of the existing configuration of the track
would be more cost effective than a grade separation.

Track Additions, The‘addition_of more tracks in selected areas would

increase system capacity. During the system simulation analysis, additional

track segments were considered at ten locations along the Corridor. Time
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savings realized by the additional tracks were computed and the approxi-
mate cost per minute saved was then determined. Consideration of the cost
per minute parameter, and trade-offs with other program elements precipi-
tated the reduction of this sub-element in the program,

Track Centers. The growth in size of locomotives, freight and pass-

enger cars withont corresponding increase in track center distance has
reduced clearances between cars on adjacent tracks at many locations on
the NEC to the acceptable minimum at current speeds. . Studies have been
made to determine the aerodynamic effect of increasing speeds to the 120-
and 150-pph levels. Those studies have demonstrated the adverse impacts
on equipment and passengers relative to the design of cars and to the
distances between tracks, The adverse aerodynamic effects can be miti~
gated by retaining existing track centers as a minimum for 120 mph or
increasing to 13 feet at 150 mph.

[n addition to the aerodynamic effect, inadequate track center dis-
tances also cause operating restrictions and limit the desigﬁ width of
new vehicles. The most restrictive condition now in existence on the NEC
occurs on a 6°44' curve at Bridgeport, Connecticut, where track centers of
12 feet are encountered. Because of car overhang and curve supereleva-
tion, the net effective distance is reduced to less than 11 feet. Conse-
quently, it is necessary to prohibit the simultaneous occupancy of any two
adjacent tracks with certain equipment.

[ncreasing track center distance at Bridgeport would alleviate the
operating restriction and would permit increased design width of new vehicles.
To do so, however, would not result in elimination but rather the relocation
of the operating restriction. Therefore, a study of the track center limit~
ations was undertaken to determine the track realignments and new equipment
design parameters which would maximize car design flexibility and minimize
operating restrictions In the most cost-effective manner. The results of
that study with respect to track relocation were that track center widening
by itself could not be justified due to the significant monetary investment

required.
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1.7.2

Under the proposed program, no tracks in the NEC will be realigned
solely for the purpose of increasing track centers. However, in consid-
eration of possible future passenger train speeds of 150 mph, 13-foot track
centers (plus allowance for overhang) were adopted for interlocking recon-
figuration and curve relocation and l4-foot track centers for reconstructed

or relocated bridges.

TRACK STRUCTURES

Improvements vnder this element include rehabilitation, modification
or replacement of the various components which make up the railroad vehicle
carrying system. The components basically consist of the rails, ties, bal-
last, and subgrade. The eleven different improvements comprising track
structures are discussed below.

Rail Installation. Five hundred thirteen miles of track are proposed for
replacement with new (465 miles) or acceptable used (fit) (48 hiles) continuous
welded rail (CWR). This replacement of rail is necessary to provide rider com-

fort and maintainability of track structure geometry. Replacemeht with CWR
will provide a track which, with joint elimination will be more economical to
maintain and will reduce load impact to the track structure.

Rail surface and profile is permanently deformed at many joint loca-
tions resulting in a ride which is uncomfortable to the passengers and
damaging to the vehicle and track structure. At other locations, the rail
section is reduced and the gauge is misaligned to the extent that replace-
ment is required.

The replacement of aged rail is also required to prevent the occur-
ence of rail failures which affect the safe and reliable operation of
trains. These rail failures are the results of time and tonnage-related
growth of small defects which occur during the rolling or mishandling of
the rail.

The following policies will govern the replacement of rail sections

as proposed for the NECIP;

1-81



e South of New Haven, all rail in the mainline tracks will
he 140 pound CWR.

e All alternate passenger tracks between New York and
Philadelphia which are presently jointed or excessively
worn will be relaid with new 140 pound CWR.

e North of New Haven, mainline passenger tracks will be
of 132 pound section except rail placed in the CY 77
program.

® Freight tracks between Washington and Boston will be
laid using acceptable (fit) relay CWR.

@ Rail will not be laid in the areas controlled by MTA/
ConnDOT, which is maintained by Conrail.

These replacement rail sections were selected on the basis of analysis
considering axle loads, tonnage, speeds, and resulting life-cycle mainten-
ance costs projected to he incurred in the NEC. New or acceptable used (fit)
rail will be installed as follows:

- Washington to New York

New (140 RE)' 234 miles

Fit (140 RE) 38 miles
- New York to Boston

New (132 RE) 231 miles

Fit (140 RE) 10 miles

Concrete Tie Installation. It is proposed that concrete ties be

installed in approximately 400 miles of mainline passenger tracks; 200 miles
hetween Washington to New York and 200 miles between New York to Boston. Concrete
ties are proposed for all high-speed areas of mainline passenger track. The
concrete ties will be installed by a highly mechanized process termed the

Track Laying System (TLS). Performance calculations and review of inservice
tests have proven that concrete ties increase the horizontal and vertical
stability of the track structure and result in improved ride comfort as well

as increased length between maintenance cycles. Life-cycle cost analyses

‘Designation of type of rail; i.e., M0 pounds per linear yard in weight,
a measure of strength, durability, and physical shape.



performed have also shown that for total replacement the TLS Installations
of concrete ties fs the most effective track renewal method, Approximately
1.1 million concrete ties will be required on the NEC; this is considered
to be a sufficient quantity to reduce unit price cost to the level assumed
in the life-cyclie analyses.

Wood Tie Installations, Six hundred forty-three thousand ties are

proposed to Be installed in approximately 615 track miles of the Corridor.
Defective wood ties will be replaced in track sections not designated as
high-speed areas for passenger trains, and where extensive tie replacement
is not required. This installation is to effect the replacement of wood
ties which are defective due to age or defect propagation. Ties are the
primary element in maintaining the rail at proper gauge and transmitting
load from the rail to the ballast., If the ties cannot maintain the rela-
tionship or properly transmit the loading from the rail to the ballast,
they will be replaced so that a reliable track structure capable of being
cost effectively maintained can be provided.

The number of replacement ties and locations involved have been deter-
mined by field inspection and review of maintenance records.

Joint Elimination and Insulated Joint Improvements. . Approximately
12,000 bolted rail joints in existing CWR stretches and unbonded insulated

Joints are proposed for replacement with field welds and bonded insulated
joints. This will eliminate joint gap and provide continuous support,
This is a fundamental improvement which will reduce maintenance cost, pro-
vide reliability to the signal system by installing an improved insulated
joint, increase ride comfort, and decrease the load impact to the track
structure. All bolted joints in CWR stretches on the Corridor will be
replaced. The number of joints was determined by field inspection of
various typical sections of existing track.

[nterlocking Reconfigurations. Generally, the operating capacity and

flexihility of individual interlockings (as described previously) will be
improved through the addition, deletion, modification and/or relocation of
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interlockings to satisfy system capacity and flexibility requirements
(Table 1-18). Interlockings will be modified to increase train opera-
ting speed and to be made more compatible with high-speed operation.
Interlockings will be removed from curves wherever feasible, and relo-
cated (if necessary) to tangents where high-speed crossovers can be
more easily made. Additional interlockings will be rehabilitated.

Turnout Improvements. It is proposed that approximately 410 turnout

units, including timbers, ballast, rail and special trackwork be repaired,
replaced, or modified to assume safe train operation, provide adequate
ride comfort, and alleviate deferred maintenance. The program includes
upgrading turnouts within interlockings and turnouts outside of inter-
locking limits which are located in rail-renewal sections. This, however,
-does not include turnouts located in interlockings to be reconfigured.
These improvements are required because the turnout is a critical track
structure component which affects the safe passage of trains, on-time
performance and future maintenance costs. Horizontal and vertical
alignment of turnouts must be maintained to high standards. If the sub-
grade, ballast, timber, joints, or rail are in a condition which cannot
properly support the axle loading, they will cause a rapid deterioration
of the alignment. These deviations in alignment will result in potential
slow orders, ride discomfort and increased maintenance costs,

The reliable operation of turnouts within interlockings can only be
accompiished by proper inspection and maintenance of the various components
and the timely replacement of those components which have become worn,
resulting in the inability to properly adjust the switch mechanism. The
turnouts requiring replacement or modification were determined through
field inspection. Turnouts outside of interlockings, not in rail-renewal
stretches, and not in mainline passenger tracks have not been included in
the turnout improvements.

Track Undercutting and Ballast Cleaning. Track undercutting is the
removal of ballast from below the tracks while the rails and ties remain

in place. Ballast is then screened to remove soil, pulverized stone and
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fine debris which are fouling the ballast, reducing strength and prevent-
ing proper drainage. The clean ballast will be returned to the track and
waste material will be properly disposéd.

The ballast section of the mainline passenger tracks which haye been
designated to receive concrete ties is proposed for undercutting. In
areas where there are four tracks, with the two inside tracks designated
as NECIP passenger mainline, the outside tracks will also be undercut.
Three hundred ninety~five miles of track will be undercut,

Undercutting of the track is necessary to create a ballast section
capable of providing proper support for the concrete ties and improving
drainage. Additionally, undercutting e#tends the time interval between
periodic surfacing and lining of the track. Tracks will be undercut to
a depth of approximately 16 Inches. In areas where the required increase
in vertical clearance to accommodate electrification at overhead bridges
is marginal, undercutting can lower the track profile as required for the
needed clearance. '

Shoulder ballast cleaning also screens ballast to remove fine particu-
lates but only ballast from under the shoulders is cleaned. While not as
effective as undercutting, it still improves ballast drainage, particularly
in two-track sections. Cleaning of the shoulder ballast sections will be
performed on approximately 650 miles of Corridor tracks that will receive
new rail and/or wood ties.

Rail Grinding. Eight hundred eighty-seven track miles of rail are

proposed to be ground in order to provide a smoother and quieter ride,
to decrease the impact loading of the trains, and to increase the useful
life of rail. All new rail on the Corridor will be ground,

This operation is required to enhance ride comfort and provide a rail
surface that supports track geometry standards. Imperfections and increas-
ing corrugations in the rail cause excessive noise within and vibration
of the vehicle, annoying the passengers and damaging the vehicle. Also,
the increased impact loading of the track structure causes accelerated

deterioration of the track geometry components and subgrade.
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Drainage Improvements. Selected roadway ditches are proposed to he

cleaned and/or modified to provide adequate lateral and longitudinal drain-
age, and to improve the flow of surface drainage away from the track struc-
ture. In addition, a number of culverts will be cleaned, repaired or
replaced. Areas requiring drainage improvements are being identified by
field inspection and ongoing detailed engineering design,

These improvements are required to provide a well drained track struc-
ture and subgrade. Drainage is essential to the track stability required
for high~speed operation. Particular emphasis has been placed on cuts and
areas established as potential problem sites. At a minimum, the ditch line
will comply with a standard roadway ditch cross section.

Subgrade Stabilization. Approximately 11 track miles of subgrade will

be stabilized.

The subgrade is the foundation which supports the ballast and track
structure. [f this foundation is unstable, it usually requires excessive
maintenance and may lead to sudden subsidence creating poor ride comfort
and ultimately unsafe operating conditions. Through analysis of the sta-
bility of the fill material, it was decided to use a combination of lime
injection, grouting and fill reconfiguration to correct these problem areas.

The locations of these unstable roadbed conditions were determined
through discussions with maintenance personnel, record examinations and
field inspection.

Debris Removal. The ROW will be cleaned of accumulated overgrowth

brush, track, debris, maintenance-of-way scrap and trash. This program
will be implemented because the debris on the ROW constitutes an impedi-
ment to maintenance, a hazard to safe rail operations, and possibly a
problem to personnel working in the vicinity.

Areas requiring debris removal were identified by field inspection

and constitute the 1977-1978 ROW Cleanup Program.



1.7.3 BRIDGES

There are a total of 1,300 bridges along the NEC, Among these bridges
are two general types: undergrade and overhead. Undergrade bridges are
those which carry the railroad. Overhead bridges are those in which the
crossing mode (e.g., road, another railroad) passes over the railroad,
There are 772 undergrade and 528 overhead bridges along the NEC rail system.
Generally, overhead bridges will not be replaced or modified for structural
reasons. The primary factor dictating whether overhead bridges require
modification is inadequate vertical or horizontal clearance. Undergrade
bridges, on the other hand, wil]l be subjected to maintenance, repair, or
reconstruction for various reasons including inadequate structural capa-
city. Adequate structural capacity and improvement of undergrade bridges
is necessary to meet NECIP goals. The disposition of each of the under-
grade bridges is presented in Appendix B,

Overhead Bridges. Given the needs defined by the electrification and

route realignment programs, there are three basic alterations that will
affect overhead bridges. To accommodate the electrification north of New
Haven, some overhead bridge superstructures will be replaced and the piers/
abutments modified. In areas where the required increase in vertical clear-
ance is marginal, minor underdeck modifications will be performed or the
tracks will be lowered; in these cases, the bridge piers/abutments may have
to be underpinned and extended. To accommodate track shifts for proposed
curve realignments, certain bridges will be completely reconstructed,
Extensive preliminary analyses have been performed to minimize the number
of bridges being replaced which would have impact on adjacent lands and

may be further minimized by ongoing detailed engineering designs (Table
1=19],



Table 1-19
PROPOSED OVERHEAD BRIDGE IMPROVEMENTS

Improvements

Lower Modify [mprovemént Pending
State Track Underdeck Replace Engineering Design
Massachusetts 9 - 13 2
Rhode [sland 6 - 5 1
Connecticut 1 - 13 -
New York - - - -
New Jersey 2 - - : -
Pennsylvania 1 2 1* -
Delaware - - = -
Maryland 3 - - -
Washington, DC et - - -
TOTAL 22 32 3

*Replacement due to curve realignment

Undergrade Bridges. The improvements proposed for undergrade

bridges are based on the level of improvement necessary to provide ade-
quate capacity in all bridges for 120 mph operation. These proposed
improvements were developed under the assumption that to provide safe
operations, eliminate deferred maintenance, and reduce future main-
tenance, it will be necessary to repair bridges of adequate strength,
upgrade bridges of inadequate strength, and replace bridges that are
beyond repair or upgrading.
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Generally, the proposed improvements to undergrade bridges can be
grouped into these three categories: repair, upgrade and replace.
These categories are described below:

- Repair--Bridges that are structurally sound but will undergo
minor rehabilitation activities to rectify deteriorating
conditions. Proposed improvements include such activities
as deck waterproofing, gunite strengthening, pointing and

grouting, painting, replacement of bearings and anchors,
and replacement of rivets with high strength bolts,

- Upgrade--Bridges that are structurally inadequate and will
undergo many of the activities under the repair category
plus structural member replacement or strengthening of
structural members.

- Replace--Bridges which will be totally demolished and
replaced by a new structure.

Table 1-20 lists the undergrade bridges by anticipated level of im-

provement and by state.

Table 1-20
PROPOSED UNDERGRADE BRIDGE IMPROVEMENTS

Improvements Number Affected
by Curve
State Repair Upgrade Replace Real ignments
Massachusetts 7 1 0 0
Rhode I[sland - 9 2 6 0
Connecticut 22 20 12 1
New York 12 7 0 0
New Jersey 16 30 9 0
Pennsylvania 23 18 2 1
Delaware 7 18 0 0
Maryland 17 11 2 3
Washington, DC 1 _0 _0 0
TOTAL 114 107 31 5

As shown in Table 1-20, five undergrade bridges are likely to be

affected by proposed curve realignments.
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Movable Bridges. There are fifteen operable, movable bridges

along the NEC: nine bascule bridges, five swing bridges and one
vertical 1ift bridge. They range from 40 to B85 years old; 11 of
these bridges are more than 65 years old.

These bridges were inspected to determine the condition of
mechanical-electrical equipment and to observe operational charac-
teristics. The bridges were rated for as-built and as-inspected
condition and the as-inspected rating including reductions to capacity
due to deteriorated components. This information served as the basis
for a proposed improvement program necessary to meet the speed and
service characteristics of the improved rail system. Of the 15
movable bridges, three are recommended for replacement. in these
cases it is probable that the alignment will be shifted to meet
new bridge structures. For ten of the remaining bridges, structural,
mechanical, electrical and ancillary facility repair or reinforcement
are recommended. The Perryville Bridge over the Susquehanna River
and the Bush Bridge over the Bush River are not slated to undergo
improvements under the NECIP.

Table 1-24 lists the 13 movable bridges included in the NECIP

and the improvements proposed for each bridge.

Table 1-21
PROPOSED MOVABLE BRIDGE IMPROVEMENTS

Proposed Improvement

Bridge Name Town/State Replace Rehabilitate
Mystic River Mystic, CT X

Thames River Groton, CT X
Shaw's Cove New London, CT X

Niantic River Waterford, CT X

Connecticut River 01d Saybrook, CT X
Devon Milford, CT X
Pequonnock River Bridgeport, CT X
Saugatuck River Westport, CT X
Norwalk River Norwalk, CT X
Cos Cob Greenwich, CT X
Pelham Bay Pelham Manor, NY X
Portal Secaucus, NJ X
Dock Newark, NJ X
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1.7.4

Federal Permits. The improvements to movable bridges and

certain of the other undergrade bridges which traverse navigable
and/or tidal waters will be subject to federal permit procedures.
Permits on the federal level may be required from the Corps of
Engineers, and/or the Coast Guard for improvements to bridges over
navigable waters.

Coast Guard bridge permits are required under the General Bridge
Act of 1946 (33 USC 535) and Section 9 of the Rivers and Harbors
Act, prior to the erection of structures {or repairs which change
clearanées, type of structure, substructure, superstructure or navi-
gation conditions, e.g., position of piers) across navigable waters
of the U.S. including bridges, causeways, approaches, fenders, and
appurtenances.

Corps of Engineers permits are required under both Section 10
of the Rivers and Harbors Act and Section 404 of the Federal Water
Pollution Control Act. Section [0 establishes regulation of
structures (piers, jetties, wharfs) and work in those waters that.
have been used in the past, are now used, or are susceptible to use,
as a means to transport interstate commerce landward up to their
ordinary high-water mark, and waters subject to the tides up to their
mean high-water mark. Section 404 regulates (as of July 1977)
discharges of fill or dredge material into any streams with a flow
of more than five cubic feet/second and any lakes of more than five
acres. Activities in tidal or freshwater wetlands contiguous or

adjacent to such waters are also regqulated.

ELECTRIFICATION
Improvements and additions to the NEC electrical traction power

system will involve conversion to 25 KV, 60 Hz power and refurbished
catenary, construction of a new power supply system, and selected

conversion of rolling stock in commuter service on the NEC.
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Traction Power and Catenary., The 226 route mile segment between

Washington and New York City and 15 miles of the Hell Gate Line to New
Rochelle, New York, are electrified utilizing 11 KV, 25 Hz electric
traction power through fixed anchorage compound catenary. High voltage
transmission lines are also an essential part of this system. Between
New Rochelle and New Haven, 58 route miles of four-track territory of
the Metropolitan Transportation Authority/Connecticut Department of
Transportation zone are being converted to 12.5 KV, 60 Hz by MTA/ConnDOT.
The catenary throughout this territory is of an old design dating back to
the early 1900's. The balance of the Corridor, the 156 route miles of
track between New Haven and Boston, is not electrified.

A unified 25 KV, 60 Hz commercial power system is proposed for
the ultimate NEC system. Since the existing system has characteristics
unique to specific areas, differing improvements are proposed for three
segments: Washington to Shell Interlocking in New York, Shell to New
Haven and New Haven to Boston,

Between Washington and ''Harold" Interlocking, the existing catenary
is primarily the compound catenary style. These will not have to be
restrung although some repairs and modifications are necessary for 120
mph operation. The catenary from '""Harold' to ''Shell'' (30 track miles)
is so badly deteriorated that replacement may be more economical than
repair. The catenary under some bridges and in the New York tunnels
will have to be modified or clearances increased.

The New Rochelle to New Haven section of the NEC is not
owned by Amtrak. The section from Shell to the New York/Connecticut
border is the property of the Metropolitan Transportation Authority
(MTA) of New York and the section from the New York/Connecticut
border to New Haven is leased by the Connecticut Department of
Transportation (ConnDOT). Since the system is not owned or under
the direct control of Amtrak, alterations of the electric traction

system for this section have been deferred based on the outcome of
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negotiations with the MTA and ConnDOT. Because of the high cost of
converting existing MTA/ConnDOT cars, construction of facilities for
‘25 KV power is not proposed for Shell to New Haven under the NECIP,
However, to assure that this section would be compatible with the
remainder of the NEC when it is ultimately converted to 25 KV, NECIP
funds are budgeted for the design of catenary and power supply in this
section consistent with the total system., The New Haven Railroad
triangular style of catenary is not compatible with high-speed service or
25 KV power. Projected train speeds between New Rochelle and Stamford
are about 80 mph; if higher speeds were instituted, the steel messen~
ger wires are sufficiently deteriorated that major repair work or a
new catenary system would be required.

The New Haven to Boston section presently uses diesel-electric
traction power; the proposed system will extend electrification
through the area. The additional cost of a new catenary for speeds
to 150 mph is negligible compared to the basic cost of a new 120 mph
design. It is therefore proposed to build a new catenary system
from New Haven to Boston which will be capable of sustaining opera-
tions at 150 mph with three raised pantographs. The new catenary will
be of a compound style, constant tensioned, with telescopic hangers
and a typical span length of about 210 feet on a straight length of
track. A simple catenary version of this design will be used in
heavily curved segments where speeds cannot exceed 100 mph without
substantial track realignment in addition to that proposed under the
NECIP. Yards and complex terminal trackage will be equipped with a
simple catenary, or possibly only trolley wire with fixed anchorage
since speed is of no concern, Figure 1.11 illustrates the proposed
catenary poles superimposed onto a typical picture of a section of
the ROW along the coastline.

In addition to the mainline trackage between Potomac Yard,
Alexandria, VA and Boston South Station, certain short branch lines
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and yards which are presently supplied from the Corridor will be converted
to 25 KV, 60 Hz. These are:

Shellpot Branch, freight bypass around Wilmington, DE
Spburban Station connection to mainline, Philadelphia, PA
Powelton Avenue Coach Yards, Philadelphia, PA

Princeton Branch, NJ

wavérly Yards, Newark, NJ

Sunnyside Yards, New York, NY

Power Supply. The power supply system will consist of incoming high

voltage from the wtility grid, a railroad substation where a transformer
will step voltage down to 25 KV, and switchgear which will supply power
to the catenary. The existing power supply system between Washington and
New York cannot accommodate the conversion to 25 KV, 60 Hz, and therefore
will have to be replaced with new facilities and equipment. Power supply
between Shell and New Haven is part of the electrification improvement
being implemented by MTA/ConnDOT. Between New Haven and Boston, an
entirely new system of power feed must be constructed.

The requirements for all intercity, commuter and freight trains will
be supplied by single-phase traction substations, each feeding a section
of the Corridor from the center of the section. Each station will require
approximately 8,000 square feet of land. The highest structure will be
the terminal structure for the transmission line. The tallest component
of the substation equipment will be about 15 feet high.

The 25 KV switchgear will be enclosed in a metal housing, which will
also accommodate auxillary equipment such as communications, supervisory
control, battery charger, and protective relays. The metal housing could
easily be expanded to enclose additional circuit breakers. Fencing will
be erected to enclose each substation and intrusion security alarms will
be installed,



Switching stations will be located.at the midway point between adja-
cent substations. The switchgear arrangement will be very similar to that
of the single-bank substation. ([n addition, each switching station will
contain a tie breaker that will close only under emergency conditions.
The area of land required for a switching station is approximately 400
square feet.

The system will accommodate the emergency condition of substation
outage. [t is assumed that on the average there will not be more than
one substation out of service along the Corridor at any one time; the
electrification system is designed so that train performance will not
be significantly altered with one substation out. In the latter case,
the two adjacent substations will each feed one-half of the affected
section, through the tie breaker at the mid-point switching station.

The decrease in performance from the increased feeding distanée will
result in a 12.6-second maximum increase in travel time between the two
substations. If two or more adjacent substations are out at the same
time, the system will continue to operate, but train performance will
be perceptibly affected.

Criteria used in the substation and switching station site selection
process included:

® Required substation spacing
Availability of utility high voltage
Ease of construction
Access

Location of phase breaks

Enyironmental senéitivtty

The most important requirement in selecting locations for substations
and switching stations is limiting the maximum distance between substations
to a spacing that will not result in a degradation in performance under the
maxinum traffic density, train acceleration and speed projected for the
system. This distance is determined on the basis of permissable voltage
drop along the catenary for maximum power démand considering the power
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factor, number of tracks, high and low voltage fault levels and open
circuit voltage. The NEC system will be designed to a 0.8 voltage
factor; i.e., the substations will be spaced so that the voltage at
the pantograph never falls helow 20 KV on a 25 KV base. For a low
voltage fault level of 500 MVA, the system must be designed to with-
stand a short-circuit current of 20,000 A.

The worst case power demand for a two-track system was taken as
being one high-speed train on each track, with one train accelerating
and one cruising at high speeds. If this train load is placed at one
end of the feeding section, the optimum length of catenary between
substations was calculated to be 13,3 miles. For a four-track system,
the worst case was assumed to be two high-speed trains at the end
of the feeding section, with the commuter load spread evenly on both
sides of the section, lumped and located at the substation. The
optimum distance was found to be 15.8 miles. In areas where speed
restrictions will not allow high speed operation or where double
transformer banks will be used, this distance can be increased.

Availability of power supply is another major consideration in
selecting station sites. Power is to be supplied by the local utility
companies at 115 KV, 138 KV, or 230 KV. Tapping from a higher voltage
than 230 KV would be uneconomical because of the cost of necessary
insulation, and tapping from less than 115 KV would probably result in
an unacceptable strain on the utility company and higher voltage dis~
tortion. Utility impact studies will be carried out in such cases and
correction equipment installed as necessary.

To avoid the cost and potential adverse impacts of constructing
new transmission lines, as many substations as possible will be located
where existing utility lines cross or run parallel to the right~of-way.
In other cases north of New Haven, power will be supplied via: (1)
115 KY overhead lines if potential impacts are small; (2) 115 KV under-
ground cable in environmentally sensitive areas; or (3) 25 KV lines or

underground cable supplied by a railroad substation located at the



utility substation. The latter method requires the switchgear housing
at the right-of-way to transfer the power to the catenary and is not
feasible for long distance transmission due to the voltage drop along
the transmission line. South of New Haven, the ultimate 25 KV system
design calls for running any required high voltage transmission lines
from the nearest utility in or adjacent to the right-of-way, along the
existing overbuild to the substation.

Access to all substation and switching station sites is necessary
for construction, and must remain available for an estimated two trips
per year for normal maintenance after the system is in opération.

There will be a phase break at every substation and switching
station. This is a section of insulated catenary approximately 15
feet long which isolates one power section from another. Care must
be taken to locate these phase breaks where there is the least like-
lihood of stranding a train.

Locating as many substations as possible at powerline crossings,
combined with spacing requirements, limits the possible locations for
remaining substations. Environmentally sensitive afeas—-wetlands,
parklands, areas of historic significance, and high-density residential
areas--will be avoided where possible. 1{In cases where this is not fea-
sible, care will he taken to select sites where the impact would be
least.

The section from Washington to New Rochelle will have 18 substations,
compared with the existing 25. There will be 12 substations between
New Haven and Boston, and design provision for three substations between
New Rochelle and New Haven.

Tentative general locations of the substations are:

Potomac Yard, VA Bacon Hill, MD
Landover, MD Stanton, DE
Bowie, MD Naaman, DE
Elkridge, MD Brill, PA
Chesaco Park, MD Torresdale, PA
Magnolia, RD Morris, PA
Oak, MD Schalks, NJ
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1.7.5

Edison, NJ 01d Saybrook, CT

Newark, NJ Waterford, CT
Sunnyside, NY Mystic, CT
New Rochelle, NY Alton, RI

Cos Cob, CT=* .Slocium, Rl
Westport, CT* Greenwich, Rt
Devon, CT* Providence, Rl
New Haven, CT Norton, MA
Guilford, CT Canton, MA

Roxbury Crossing, MA
* No construction under NECIP

Equipment Conversion. The NECIP will convert existing commuter

equipment in use on the NEC to operate at 25 KV, 60 Hz in those cases
where the conversion Is necessary to allow continued operation and where
the equipment has sufficient remaining useful life to make conversion

cost effective (Table 1-22). Multiple unit commuter cars to be converted
with NECIP funds total 2381 units operated by SEPTA and NJDOT. A total

of 51 multiple unit cars owned by SEPTA and NJDOT and 13 NJDOT locomotives
are near the end of their useful life and do not warrant conversion. The
fleets of MTA and ConnDOT cars do not require conversion as their operat-

ing territory will not be converted to 25 KV power.

SIGNALING AND TRAFFIC CONTROL

Signaling. Many different types and styles of signaling equipment
exist along the Corridor, some dating prior to 1890. The great bulk
of the signaling system was installed in the early 1930's as part of
the Pennsylvania Railroad's electrification program. The existing
system is a wayside signal light system supplemented by direct communi-
cation of the speed orders to the train through cab signals.

The present track side signals and train detectors are linked to
116 interlockings operated from 77 towers positioned as strategic points
along the Corridor. The route of a train along the Corridor is controlied
by men located in the towers. These tower men in turn report by telephone

to dispatchers located at central points who direct the routing of each
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Table 1-32

EFFECT OF NECIP ON COMMUTER EQUIPMENT

Equipment to be Converted to 25 KV, 60 Hz by NECIP

Type _ Service “Number

Silverliner II SEPTA 37
Silverliner [l SEPTA 20
Silverliner (V SEPTA 130
Jersey Arrow [ NJDOT 34
Jersey Arrow [I[ NJDOT 70

Equipment to be Retired

Type Service Number
Silverliner | SEPTA 5
E-6 SEPTA 28
E-6 NJDOT 18
GG-1 Locomotives NJDOT 13

Equipment to Continue in Operation at 12.5 KV, 60 Hz

Txge Service Number
H-2 MTA 122
M=2 ConnDOT 122
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train. The telephone communications link frequently means that train
locations are not known until a tower is passed, often too late to make
a change and avoid a delay.

A total of 741 track miles of existing signal facilities from
Washington to Shell interlocking will be modified and 40 interlockings
will be rehabilitated and modified. Hardware components being rehabil-
itated or replaced include cable, switch machines, relays, instrument
housings, signals, and impedance bonds. Between New Haven and Boston,
bi-directional automatic block signals will be installed on 310 miles
of track. These installations are required for long term serviceable,
flexible operation with a reliable all—wéather system.

Approximately 2,700 mainline and 700 off~Corridor track circuits
~and 15 to 20 100 Hz signal power frequency conversion facilities from
Washington to Shell will be modified or installed. The track circuits
and frequency conversion equipment must be modified to be compatible
- with 60 Hz traction power.

Signal upgrading will be required on approximately 650 signal sites
between Washington and New Rochelle. Onboard cab signal equipment which
provides direct commands to the train will be installed or modified on
approximately 300 vehicles.

Sixty-one all-relay interlockings will be installed, 28 south of
Shell and 33 between New Haven and Boston. Existing interlocking control
machines are 40 to 90 years old. Their condition is commensurate with
age and they must be replaced to provide reliable, cost-effective
operation.

Centralized Traffic Control (CTC) will be installed on all main
tracks between Washington and Wilmington, and New Haven to Boston,
including computerized control centers at Philadelphia and New Haven,
Centralized traffic control will assist in meeting trip-time goals by
increasing capacity through enhanced operations planning, and will eli-
minate the need for many manned control towers. The design of a CTC

system removes elements from manned control, such as issuance of train
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orders for movements against the f)ow of traffic, and places their spe-
cific performance under automated sequential operation of components
monitored by equipment designed on the fail-safe principle. The routine
performance of hardware designed for particﬁlar application is far more
reliable than the routine performance of the same task manually, Failure
of the automated system will result in the automatic implementation of
appropriate safety measures, while communicating a failure message to a
manned facility.

Over-speed autamatic train control will be installed or modified
on approximately 291 vehicles, At the present time, a number of vehicles
operating on the NEC do not have over-spéed automatic train control, To
ensure safe operation, all trains must be so equipped and operators trained
in its use.

A train operations recording system will be installed at the central
traffic control centers which will provide printouts of information tail-
ored to meet specific needs, such as train arrival and departure times.
The central operators will, therefore, not be required to record the data
manually allowing more time for operational decisions.

A programmed multiple operations system will be installed which
automatically establishes routes and clear signals for train movements
on a prescribed schedule. The system reduces the control operator's
involvement in establishing routes and clearing signals to emergency situ~
ations or where exceptions from the prescribed schedule occur.

Twenty-two additional hot journal detectors (a device to detect wheel
bearing failure) will be installed. Detectors will increase the safety
of operations by detecting defective journals before accidents occur.

An additional 82 self-restoring dragging equipment detectors will be
installed at selected locations to provide protection as required. Detec-
tors will increase the safety of operation by detecting equipment dragging

from vehicles that may cause accidents.
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1.7.6

H{gh, wide load detectors will be. installed at approximately 20 loca-
tions. These detectors are requiréd to ensure that road freight movements
entering the system meet clearance requiréments.

As part of the turnout improveménts,.switch heaters will be installed
on 547 turnouts which are not protected from the weather by overhead cover
and are needed for continuous operation. Adequate switch heaters are

essential to railroad operation during snow and ice storms.

COMMUN LCAT LONS

A new high capacity communications system is proposed for the NEC to
replace the deteriorated patcbwprk.systém‘now existing and to provide thé
additional circoits necessitated by htgh-SPéed, hIgh-volbme operation,

The existlng‘communicatton'system basically consists of paper-insulated
lead covered cables supplemented with some leased circuits which were
added as portions of the original system were abandoned, The railroad-
owned facilities still in use are badly deteriorated and frequently became
inoperative in rainy weather as the duct lines fill with water.

[t is impractical to mix existing communication plant facilities
installed in the 1930's with present state-of-the-art telecommunications
equipment and design. The physical size of hardware alone has been reduced
10 to 20 times, making patchwork replacement unfeasible. To meet current
and future signal control, power supervisory, radio, closed circuit tele-
vision, and telecommunications circuitry standards, and obtain the reli-
ability required, it [s proposed to replace the existing NEC trunk cable
and leased lines and totally redesign the transmission modes.

To coordinate operations on the entire Corridor, including intercity,
comnuter and freight movements, the communications system will incorporate
data, telephone and radio circuits., The telephone and radio circuits will
provide for voice communication among all personnel responsible for the
operation, maintenance, and security of the railroad while the data cir-

cuits will perform the following functions:
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- Data and command transmission between signaling locations
on the right-of-way and the Centralized Traffic Control
(CTC) centers at Philadelphia and New Haven. (Operational

control of traffic in areas where CTC is not installed
will utilize dedicated telephone lines.)

- Data and command transmission between electric traction
power system locations (e.g., substations and switching
stations) and the electrification control centers, also
at Philadelphia and New Haven.

- Data transmission from the hazard-detection system,
designed to warn of trains with dragging equipment, hot
wheel bearings, etc.

- Connection of security alarms at various unmanned facilities
to security control centers.

- Connection of Amtrak stations and administrative offices

for customer services (e.g., reservations) and various
other data exchanges.

The linear nature of the Corridor prompts design of a communica-
tions system consisting of a trunkline backbone system running the
length of the Corridor and interconnecting a number of terminal
nodes, each of which is served by a local distribution system.
Selection of terminal nodes is related to location of fixed facilities
such as maintenance bases and passenger stations. Terminals are
proposed for lvy City (Washington, D.C.); Odenton, Baltimore, and
Perryville, MD; Wilmington, DEL; Philadelphia, PA; Morrisville,

New Brunswick and Newark, NJ; New York, NY; New Haven, 0ld Saybrook,
and Groton, CT; Providence, Rl; and Readville and Boston, MA. In
addition, redundancy must be provided in order to maintain certain
operationally critical circuits in service in the event of failure
in either the backbone or local distribution system.

Each of the three necessary service elements (backbone, local
distribution, and critical circuit redundancy) may be provided by
several technologies, all of which have been evaluated for cost

and reliability in light of the needed capacity.]

]FRA, NECIP, Communication System Development, Task 206, Draft Report,

April 1978.
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- Conventional Cable. Conventional multipair and coaxial cable,
the traditional means of communications transmission, can
be used for any of the three service elements. The cables
would be buried in ducts along the right-of-way as in the
existing system. The primary disadvantage of conventional
cable on electrified railroads such as the NEC is that
costly shielding is needed to prevent electromagnetic inter-
ference induced by the proximity of high<voltage electric
traction power lines.

- Microwave. Alternatively, transmission over the backbone
may be accomplished by radio~frequency energy beamed along
a series of microwave towers. Since an unobstructed line-of-
site between towers is necessary, the towers would be located
on high ground off the right-of-way and communications would
be beamed from the backbone to the terminal -nodes. For the
same reason, microwave is not practical for local distribution
along the right-of-way.

- Fiber Optics. A third method is the use of light energy
for transmission of communiications in digital! form through
very fine strands of fiberglass. Fiber optics is a new
technology allowing a cable the size of ordinary house wiring
to carry as many circuits as a microwave system. Since
light energy is unaffected by electromagnetic interference,
such cables can be run along the right-of-way, either buried
or strung from the catenary poles, and can be used for any
of the three service elements.

In addition to the technological alternatives, all of which
have been evaluated as railroad-owned systems, the option exists
to lease the needed trunkline circuits or redundant critical circuits
from public communication utilities. Because the number of critical
circuits requiring redundant facilities is limited, provision of
this service element by leased lines is particularly attractive.
Analysis of all the feasible combinations of technological
alternatives and lease-buy options has concluded that the most cost-
effective communications system for the NEC over an expected 30-year
life cycle would utilize fiber optics for both backbone and local

distribution and dedicated leased lines for critical circuit backup.
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The fiber-optics system would also minimize environmental impacts
since the basic transmission system would be contained within the
right-of-way, utilizing a single six-fiber cable, either buried or
hung from the catenary poles.

Since fiber optics is a relatively new technology and has not
yet been used in railroad communications, the risk involved in its
application is under continuing evaluation. |[f it is eventually
decided that the technological risk involved with fiber optics
is unacceptable, the next least-costly system is proposed for imple-
mentation, consisting of a low-power, highly directional microwave
backbone, conventional multipair cable along the right-of-way for
local distribution, and leased lines for critical circuit redundancy.

The number and general location of backbone microwave tower
sites is determined by the need for an unobstructed line-of-sight
between towers and the amount of signal strength fade over distance
which can be tolerated. Also, interference with existing microwave
systems must be avoided. A total of 19 backbone towers with an
average spacing of 20 to 23 miles will be required, at the following
general locations:

Washington, DC

Odenton, MD

Baltimore, MD

Aberdeen, MD

Cecil County, MD

Wilmington, DE

Philadeiphia, PA

Middletown Township, Bucks County, PA
Franklin Township, Somerset County, NJ
Mountainside, Union County, NJ

New York City, NY

Harrison, NY

Southwest Connecticut Region

New Haven Area, CT

Connecticut River Estuary Region, Hamburg, CT
New London/Norwich Region, CT

Exeter, RI

Central Falls, RI

Boston, MA
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1.7.7

Alternative sites within each of these general areas have been
evaluatéd for power availability, access roads, and environmental
constraints (e.g., residential areas, marshland and parks). Where
possible, existing microwave towers or buildings presently developed
for antenna systems would be used for the backbone system. Pre-
liminary investigation indicates that seven of the 19 backbone loca-
tions could utilize existing towers or buildings. New towers would
be self-supporting and range from 100 feet to 250 feet in height
(Figure 1.12). The towers would be painted international orange
and white as required by the Federal Aviation Administration. Each
would require a site 75 feet square.

Since communications would be beamed from the backbone system
to the terminal locations along the right-of-way for local dis-
tribution by conventional cable, terminals would require installation
of microwave dishes either on towers or atop buildings, as necessary.
If a microwave system is proposed, site-specific environmental documents
will be required for new microwave towers located near historic
sites, in parks or near residential areas. The following locations
may require site-specific documents: Washington, DC, Cecil County,
MD; Philadelphia; Mountainside, NJ; Southwest Connecticut
Region; New Haven area, CT; River Estuary Region, Hamburg, CT; New
London/Norwich Region, CT; Central Falls, Rl; and Boston, MA. In

addition, a Federal Communications Commission license must be obtained.

FENCING AND BARRIERS

Fencing the railroad right-of-way is a desirable means of prevent-
ing unwanted and high hazardous intrusion of people, animals and vehicles
onto the right-of-way in the path of moving trains. By limiting access
to selected sections of the right-of-way, fencing contributes to train
security, decreases vandalism of railroad property, and promotes public

safety.
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Figure 1.12
TYPICAL BACKBONE TOWER
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The conditions of existing fencing along the NEC varies widely,
Approximately 35 percent of the right-of-way is presently fenced to
some degree. Much of the fencing was constructed by abutting landowners
and does not meet the standards or security requirements of the NECIP.
The majority of the fencing is not located on railroad property. No
dominant condition exists over any extended area except the lack of
satisfactory fencing. The degree to which fencing has been maintained
also varies widely.

Under the original program definition, the entire Corridor was to
be fenced, with costs shared equally between the states and the Federal
Government. Due to a number of factors including environmental con-
cerns and lack of sufficient local funding, the overall fencing program
has been scaled down considerably.

At this time, the recommended program consist of fencing those
areas considered highest priority at an estimated cost of $48.9 million.
Fencing will be constructed by the NECIP at maintenance-of-way bases,
repair shops, #ost stations and overhead bridges and other high prior-
ity security areas to minimize trespassing and vandalism. Specific
program elements include:

Right-of-Way Fencing. Security fencing is to be installed in the

areas near stations, selected on a site-specific basis to provide the
greatest degree of protection within the allocated budget; priority
will be given to areas with a high incidence of railroad-related crime.
In response to local priorities, the entire right-of-way in Massachusetts
will be fenced; those areas not fenced with 100 percent Federal funds
will be fenced on a 50/50 cost sharing basis with Massachusetts. In
total, approximately 113 route miles of right-of-way fencing are in-~
cluded in the NECIP, or roughly 24 percent of total Corridor mileage.
Table 1-23 shows miles of fencing in each state. In addition to the
above, active parks abutting the right-of-way will be fenced, with

100 percent Federal funding. Table 1-24 identifies the active parks

to be fenced.
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Tahle 1-23
PROPOSED RIGHT=0F-WAY FENCING

Length of Fencing
Location (Route Miles)

o

N VIO RSN

Massachusetts
Rhode Island
Connecticut

New York

New Jersey
Pennsylyania
Delaware
Maryland
Washington, D.C.

—

N
o

TOTAL

—
—
W

Overhead Bridge Fencing. Fencing of overhead bridges is required to

protect high-speed trains, the catenary system, and the roadbed from unin-
tentional dropping and intentional throwing of damaging objects from
bridges. It also provides protection to pedestrians from the catenary
system. Fencing will be installed on most overhead bridges that do not
currently provide such protection to rail traffic or replaced where pre-
sent fencing does not meet NEC standards.

Pedestrian Access. Overhead or undergrade pedestrian crossings of

the Corridor will be installed only in the vicinity of suburban commuter
stations and selected high-security areas. Site-specific program require-
ments for pedestrian access are being identified and developed.

Fence types will generally be limited to four (Figures 1,13 and 1.14).
These include;

- Six foot chain link with three strand barbed wire
