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Paper No. 1150

THE NEW YORK TUNNEL EXTENSION OF THE PENNSYLVANIA RAILROAD.

By Charles W. Raymond, M. Am.  Soc.  C. E.[A]

Some time before the appointment of the Board of Engineers which supervised the 
designing and construction of the New York Tunnel Extension of the Pennsylvania 
Railroad, the late A. J. Cassatt, then President of the Company, said to the writer that 
for many years he had been unable to reconcile himself to the idea that a railroad 
system like the Pennsylvania should be prevented from entering the most important and
populous city in the country by a river less than one mile wide.  The result of this 
thought was the tunnel extension project now nearly completed; but it is only in recent 
years that new conditions have rendered such a solution of the problem practicable as 
well as desirable.

Previously a tunnel designed for steam railroad traffic, to enter New York City near 
Christopher Street, was partly constructed, but the work was abandoned for financial 
reasons.  Then plans for a great suspension bridge, to enable all the railroads reaching 
the west shore of the North River to enter the city at the foot of 23d Street, were 
carefully worked out by the North River Bridge Company.  The Pennsylvania Railroad 
Company gave this project its support by agreeing to pay its pro rata share for the use 
of the bridge; but the other railroads declined to participate, and the execution of this 
plan was not undertaken.

New operating conditions, resulting from the application of electric traction to the 
movement of heavy railroad trains, which had been used initially in tunnels by the 
Baltimore and Ohio Railroad and was subsequently studied and adopted by railroads in 
Europe, made it possible to avoid the difficulty of ventilation connected with steam 
traction in tunnels, and permitted the use of grades practically prohibitive with the steam
locomotive.  The practicability of the tunnel extension project finally adopted was thus 
assured.

The acquisition of the control of the Long Island Railroad by the Pennsylvania Railroad 
Company, which occurred in 1900, introduced new and important elements into the 
transportation problem, from a freight as well as a passenger standpoint.  Previously, 
the plans considered had for their only object the establishment of a convenient 
terminus in New York, to avoid the delays and difficulties involved in the necessity of 
transporting passengers and freight across the North River.  When the Long Island 
Railroad became practically a part of the Pennsylvania System, it was possible and 
desirable to extend the project so as to provide, not only for a great prospective local 
traffic from all parts of Long Island, but also for through passenger and freight traffic to 
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the New England States, and to and from all points on the Pennsylvania System, thus 
avoiding the long ferriage from Jersey City around the harbor to the Harlem River.
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This paper has for its subject the New York Tunnel Extension project, and is intended 
merely as an introduction to the detailed accounts of the construction of the various 
divisions of the line to be given in succeeding papers prepared by the engineers who 
actively carried out the work.  The project, however, forms the most important part of the
comprehensive scheme adopted by the Pennsylvania Railroad Company for conducting
its traffic into and through New York City, and a brief description of this general plan is 
therefore necessary in order that the relations of the tunnel line to the other parts of the 
transportation project may be clearly understood.

GENERAL PLAN FOR TRAFFIC FACILITIES AT NEW 
YORK.

The component elements of the general plan outlined by the late A. J. Cassatt, 
President, in his open letter to the Board of Rapid Transit Railroad Commissioners of 
the City of New York, dated January 18th, 1906, are indicated on Fig. 1, and may be 
briefly summarized as follows: 

1.—The Pennsylvania Tunnel and Terminal Railroad, generally referred to as the New 
York Tunnel Extension of the Pennsylvania Railroad.  This line begins near Newark, N. 
J., crosses the Hackensack Meadows, and passes through Bergen Hill and under the 
North River, the Borough of Manhattan, and the East River to the large terminal yard, 
known as Sunnyside Yard, in Long Island City, Borough of Queens, New York.  The line 
will be more fully described elsewhere.

2.—The electrification of the Long Island Railroad within the city limits.

3.—The Pennsylvania freight terminal yard and piers at Greenville, N. J., connecting by 
ferry with the Bay Ridge terminal of the Long Island Railroad.

4.—The Bay Ridge Improvement of the Long Island Railroad from East New York to Bay
Ridge.

5.—Yards for increasing the freight facilities in the Boroughs of Brooklyn and Queens.

6.—The Atlantic Avenue Improvement in Brooklyn, involving the removal of the steam 
railroad surface tracks and the extensive improvement of the passenger and freight 
station at Flatbush Avenue.

7.—The New York Connecting Railroad, extending through a part of the Borough of 
Queens and crossing the East River by a bridge at Ward’s and Randall’s Islands to Port 
Morris, N. Y.

8.—The Glendale Cut-Off of the Long Island Railroad.
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9.—New piers and docks in Newtown Creek at its confluence with the East River.

10.—Electrification of the United Railroads of New Jersey Division from Newark to 
Jersey City.

The parts sustained by these elements in the work of transportation and distribution are 
briefly as follows: 
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The New York Tunnel Extension is essentially a passenger line, although the Company 
has not only the legal powers but also the facilities for making it a through route for 
freight if desired.  It will transport passengers to and from the centrally located station at 
33d Street and Seventh Avenue in New York City, joining the Long Island System at 
Sunnyside Yard, and, by means of the New York Connecting Railroad, it will form a link 
in the through traffic line, connecting the whole Pennsylvania System with the New 
England States.  This line has been designed for the safe and expeditious handling of a 
large volume of traffic.  The requirements include handling the heaviest through express
trains south and west from the main line as well as the frequent and lighter local-service
trains.  For through service the locomotive principle of operation has been adhered to, 
that is, electric locomotives will take up the work of the steam locomotives at the 
interchange yard at Harrison, N. J., and, for excursion and suburban service to nearby 
towns, provision will be made for electric locomotives, or by operation of special self-
propelled motor cars in trains, the project being planned to give the greatest flexibility in 
method of operation to meet the growing demand in the best way.

The New York Connecting Railroad has important functions both for freight and 
passenger service.  When constructed it will be about 12 miles long, and will form a part
of the line to the New England States for through passenger and freight service, and 
also carry local freight to and from Sunnyside Yard and Brooklyn, and all points on Long
Island.  By means of this line it will be possible to make the Brooklyn station at Flatbush 
Avenue a station on the through System for New England as well as the Western 
States.

[Illustration:  FIG. 1. (Full page image)

MAP OF THE PENNSYLVANIA R. R. CO’S NEW YORK TUNNEL EXTENSION AND
CONNECTIONS.]

The initial equipment of the Western Division of the Long Island Railroad for electric 
traction has been made in advance of the opening of the tunnel line in order to take care
of the requirements of the Atlantic Avenue improvement.  This improvement involved the
elimination of grade crossings within the City of Brooklyn and the conversion of the 
railroad line which was previously on the surface of the streets to part subway and part 
elevated line from the Flatbush Avenue Terminal to East New York Station, a distance of
5-1/4 miles.  One of the requirements of this improvement was that the motive power 
should be changed to some form of power not involving combustion.  This led to the 
adoption of electricity, and, in order to meet operating necessities, involved the 
electrification of connecting lines beyond the improvement proper, so that local service 
could be handled to the end of the runs without changing the motive power.  The extent 
of the electrification thus required was found to be about 100 single-track miles.  This
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extensive electrification work was undertaken and completed in the summer of 1905, 
upon the completion of the Atlantic Avenue improvement proper, and since that time has
been in successful operation.  On the near approach of the construction of the New York
Terminal improvement, plans for additional electrification on the Long Island Railroad 
were made, and the work is now in progress on the extensive additions required to 
couple up the tunnel extension with the various lines centering at the Long Island City 
terminus.

The Bay Ridge Improvement of the Long Island Railroad comprises the readjustment of 
the right of way and the establishment of new grades in order to do away with grade 
crossings from the freight terminal at Bay Ridge to a junction with the New York 
Connecting Railroad at East New York, a distance of 10.4 miles.  It also provides for the 
re-location of the line and the elimination of grade crossings on the branch running to 
Manhattan Beach, a distance of 3.7 miles.  The work is being executed without 
interrupting traffic, and in all about 75 grade crossings will be abolished.  This 
improvement became necessary in order to provide for the rapid extension of population
into the suburban districts and for the present and future requirements of the section, to 
establish municipal conveniences and facilities, and to open additional streets across 
the right of way.  To accomplish these ends, the line has been built in cuts and on 
embankments, there being about 6.4 miles of the former, 3.3 miles of the latter, and a 
tunnel, 3,500 ft. long, where the line crosses the Atlantic Avenue improvement.

The Atlantic Avenue improvement, as mentioned above, involved the removal of the 
railroad tracks from the street surface for a distance of about 5-1/4 miles.  This was 
done by constructing a series of elevated and subway structures, there being about 2.1 
miles of the former, 2.4 miles of the latter, and 0.8 mile of approaches, eliminating more 
than 90 grade crossings.  In the light of recent developments, it may be of interest to 
note that one of the reasons for establishing a combination elevated and subway line 
was that, at the time the improvement was projected, no underground railroad in the 
country, of similar length and carrying a heavy volume of local traffic, was operated by 
electricity, and public sentiment was against the operation of the entire length of the line 
underground by steam power.  This improvement also provided for depressing the 
entire Flatbush Avenue station and a freight yard.  As the work progressed, the original 
plans for the station were greatly enlarged, the remodeled station covering about 61 city
lots.

The main point of passenger distribution is the New York station.  Other important 
stations will be Flatbush Avenue, Brooklyn; Jamaica, Long Island, where the changes to
and from electric motive power will be made; and Newark, N. J. Many other places, 
including the seaside resorts on Long Island and in New Jersey, will feel the benefits of 
the direct tunnel railroad into and through New York City.  The Glendale Cut-Off will 
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materially shorten the route and running time from New York through the tunnels to 
Rockaway Beach.
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The plans contemplate that passengers to and from the lower part of Manhattan will be 
carried by the steam line between Newark and Jersey City and cross the North River by
ferry or the Cortlandt Street tunnels of the Hudson Company.  Eventually, the old main 
line will be electrified and supersede the steam service between Newark and Jersey 
City.

The Greenville Yard is the most important point for the receipt, transmission, and 
distribution of freight.  From this point freight can be transported, without breaking bulk, 
by a comparatively short car-ferry to the Long Island Railroad terminus at Bay Ridge, 
and thus a very large part of the Pennsylvania Railroad Company’s floatage in New 
York Harbor and the East River will be abolished, the floatage distance being reduced in
the case of the New England freight from about 12 to 3 miles.  This traffic will be routed 
from Bay Ridge via the Long Island Railroad to a connection with and thence over the 
New York Connecting Railroad to the New York, New Haven and Hartford Railroad at 
Port Morris, N. Y.

As the facilities for the handling of freight in the Boroughs of Brooklyn and Queens had 
become insufficient for taking care of the prospective traffic, eleven new local delivery 
yards, having a combined area of about 2,153 city lots, have been established, and 
three existing yards are to be improved and enlarged so as to give a combined area of 
about 687 city lots.  Of these new yards, the Bay Ridge freight terminal, containing 
about 790 city lots, is the largest; its functions have been described above.  There is a 
freight terminal at East New York 200 ft. wide and a mile long, containing about 566 city 
lots, which will be the distributing point of freight for the entire East New York section.  
This yard is depressed, and will be crossed by six viaducts carrying city streets.  The 
North Shore freight yard, containing 109 city lots, is connected with the Montauk 
Division by an overhead construction, known as the Montauk Freight Cut-Off, whereby 
all freight traffic to Jamaica may be kept out of the way of the Jamaica passenger traffic 
from the tunnels.

It may be of interest to indicate briefly how much has already been accomplished in the 
execution of this general plan, and what still remains to be done for its completion.

The larger part of the electrification of the Long Island Railroad and the elimination of 
grade crossings within the built-up city limits, the Atlantic Avenue improvement, and the 
yard and piers at Greenville, have been completed.  The Sunnyside Yard and the 
Glendale Cut-Off will be completed during the next twelve months.  On the Tunnel and 
Terminal Railroad the embankment and bridge work across the Hackensack Meadows 
and all the tunnels and excavation from the west side of Bergen Hill to Long Island City, 
except a short section near the eastern end of the line, have been completed.  The New
York station and other buildings and facilities connected therewith are well advanced.  
The laying of the track, the electrification of the line, and the installation of the signaling 
and lighting systems are under way.  It is anticipated that the line will be ready for 
operation in the spring of 1910.

12



Page 6
Report has been made to the Public Service Commission that a large part of the right of
way for the New York Connecting Railroad has been obtained, and more than 
$3,000,000 has been spent by this railroad.  The piers and docks at Newtown Creek 
and the electrification of the line from Newark to Jersey City are not yet actively under 
way.

ESTIMATED COST OF THE IMPROVEMENTS.

As appears from the foregoing statement, only parts of the improvements contemplated 
in the general scheme have been completed, others are in progress, and others have 
not yet been commenced.  It is therefore impossible at the present time to make a close
estimate of the total expenditure involved in the execution of the entire scheme.  The 
following estimate of the cost of the Pennsylvania Railroad Company’s improvements in
the New York District when fully completed is based on the best information now 
available: 

New York Tunnel Extension and Station, including
Interchange Yards at Harrison,
N. J., and Sunnyside, L. I., P. T. & T.
R. R. Co. $100,000,000

Long Island Railroad electrification, Bay
Ridge and Atlantic Avenue improvements,
Glendale Cut-Off, freight yards,
and new equipment 35,000,000

New York Connecting Railroad, to be built jointly by the Pennsylvania R. R. Co. and the 
New York, New Haven and Hartford R. R. Co., about 14,000,000

Pennsylvania Railroad improvements in the
State of New Jersey, electrification of
line from Jersey City to Park Place,
Newark, Greenville freight line and terminal
on New York Bay 10,000,000
          
                                            ------------
    Total $159,000,000
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CORPORATE ORGANIZATION AND FRANCHISE 
CONDITIONS.

As the tunnel extension lies partly in the State of New Jersey and partly in the State of 
New York, it was necessary to charter two companies, each covering the territory within 
the State to which it belonged.  The New Jersey corporation was entitled the 
Pennsylvania, New Jersey and New York Railroad Company, and the New York 
corporation, the Pennsylvania, New York and Long Island Railroad Company.  These 
organizations were completed early in 1902.  Subsequently, after the tunnels had been 
joined under the North River, the companies were consolidated, on June 26th, 1907, 
and thereby formed the present company under the name of the Pennsylvania Tunnel 
and Terminal Railroad Company, a corporation of both States.

Mr. Cassatt, President of the Pennsylvania, New York and Long Island Railroad 
Company, made application in its behalf for a franchise to extend the lines of the 
Pennsylvania Railroad by tunnels under the North River to a passenger station to be 
erected in New York City and thence under the East River to a connection with the Long
Island Railroad, on May 5th, 1902.
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The franchise for that part of the tunnel line which is within the State of New York, that 
is, from the boundary line between New York and New Jersey, in the Hudson River, to 
the eastern terminus at Sunnyside Yard, Long Island, is contained in the certificate 
issued by the Board of Rapid Transit Railroad Commissioners of the City of New York 
on October 9th, 1902.

The essential features of the franchise have been summarized substantially as follows 
in the report of the Committee of the Board of Rapid Transit Railroad Commissioners of 
the City of New York, dated June 14th, 1902: 

First.—A grant by the city in perpetuity of rights, subject, however, to a periodic 
readjustment of payments at intervals of twenty-five years, as follows: 

(a) To construct and operate a railroad of two tracks from the boundary between New 
York and New Jersey under the Hudson River opposite the westerly foot of Thirty-first 
Street, Borough of Manhattan, thence running under the Hudson River and Thirty-first 
Street to the East River and under the East River to a terminus in Queens Borough.  
The Company is permitted on notice within ten years to give up the right to these two 
tracks.(b) A like right for a railroad of two tracks beginning near the same point under 
the Hudson River, thence running under Thirty-second Street to the East River, and 
under that river to the terminus in Queens Borough, with a right for two additional tracks 
in Thirty-second Street, west of Ninth Avenue, and one additional track between 
Seventh and Fifth Avenues in Manhattan.(c) A like right for a railroad of two tracks 
beginning at the station terminal site at Thirty-third Street and Seventh Avenue and 
thence running under Thirty-third Street and the East River to the terminal in Queens 
Borough, with a right for one additional track on Thirty-third Street, between Seventh 
and Fifth Avenues.(d) A right to maintain a terminal station occupying the four blocks 
bounded by Thirty-first Street, Seventh Avenue, Thirty-third Street and Ninth Avenue, 
the lots on the east side of Seventh Avenue between Thirty-first and Thirty-third Streets, 
and the underground portions of Thirty-first and Thirty-third Streets, between Seventh 
and Eighth Avenues and between Eighth and Ninth Avenues, the Company having itself 
acquired the land included in such four blocks and lots on the east side of Seventh 
Avenue.(e) To occupy for such terminal facilities all of Thirty-second Street lying 
between the westerly side of Seventh Avenue and the easterly side of Eighth Avenue, 
and between the westerly side of Eighth Avenue and the easterly side of Ninth Avenue.  
As soon as the statutory right of the city authorities to make the conveyance shall be put
beyond doubt the Railroad Company is obliged to buy such two portions of Thirty-
second
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Street, which will then become completely dedicated to the purposes of their station. 
(These portions of Thirty-second Street were subsequently purchased by the Railroad 
Company.)(f) To have along such routes the necessary facilities for the operation of 
passenger and freight trains, including telegraph wires and the various wires and cables
for the distribution of power, heat, and light.

Second.—The requirement of the consent of the Mayor, the Board of Aldermen, the 
Board of Estimate and Apportionment, and the other authorities of the city having 
control of the streets.

Third.—The obligation of the Pennsylvania Company to begin construction within three 
months after obtaining the necessary consents and complete the railroad within five 
years after construction shall begin, except the route under Thirty-first Street, for the 
completion of which the company is allowed ten years after the completion of the 
remainder of the railroad.

Fourth.—Payments by the Pennsylvania Company for the first twenty-five years, as 
follows:  A rental of $200 per annum for the right to occupy land under the Hudson and 
East Rivers outside of pier lines.  A rental for ground within pier lines and for 
underground portions of streets in Manhattan Borough, at fifty cents per linear foot of 
single track per annum, for the first ten years, and during the next fifteen years one 
dollar per annum per linear foot.  A rental for ground within pier lines and for 
underground portions of streets in Queens Borough at one-half the rates payable for 
Manhattan Borough.  A rental for underground portions of Thirty-first and Thirty-third 
Streets, between Seventh and Eighth Avenues, and between Eighth and Ninth Avenues 
(such portions extending almost up to the surface, except under the south sidewalk of 
Thirty-first Street and north sidewalk of Thirty-third Street) at $14,000 per annum for the 
first ten years, and at $28,000 per annum for the next fifteen years.

For the portions of Thirty-second Street, between Seventh and Eighth Avenues, and 
between Eighth and Ninth Avenues, when the statutory power of the city to make a sale 
shall be put beyond doubt, the city is to sell and the Railroad Company is required to 
buy such portions for the sum of $788,600.  The rentals for river and track rights begin 
at the date of operation.  For the underground spaces under Thirty-first and Thirty-third 
Streets, used for station extension, the rentals begin at the commencement of 
construction, or when the company entered thereon.

Such annual payments may be summarized as follows: 

+ = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
= = + = = = = = =
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+ = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
= = + = = = = = =
= = = = = = = = = = = = = = = = = = = +
|                                                |   Fi r s t  1 0   |   N ex t  1 5    |
|                                                |    ye a r s .    |    ye a r s .    |
|-----------------------------------------------+ - ----------
-+ - -----------+
|Fo r  rive r  r i gh t s                                |     $ 2 0 0.0 0  |     $ 2 0 0.00  |
|Fo r  t u n n el  r ig h t s  in M a n h a t t a n  Borou g h,  b ein g   |             |             |
|  4 4,34 1  ft. (pa r tly e s tim a t e d)  of single  t r ack  |   2 2 ,17 0.00  |   4 4,34 1.00  |
|Fo r  t u n n el  r ig h t s  in Q u e e n s  Borou g h,  b eing      |             |             |
|  8 ,1 00  ft. (pa r tly e s ti m a t e d)  of single  t r ack   |    2 , 02 5.00  |    4 ,05 0.0 0  |
|Fo r  s t r e e t  r ig h t s  on  Thir ty-fir s t  a n d           |             |             |
|  Thi r ty-t hi rd  S t r e e t s ,  no r t h  a n d  so u t h  of      |             |             |
|  t e r min al                                      |   1 4,00 0.00  |   2 8,0 00.0 0  |
+ - ----------------------------------------------+ - ----------
-+ - -----------+
|      In  all, p e r  a n n u m                          |  $ 3 8,3 95.0 0  |  $ 7 6,59 1.0 0  |
+ = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
= = + = = = = = = = = = = =
= + = = = = = = = = = = = = +

If t h e  ro u t e  u n d e r  Thir ty-fir s t  S t r e e t  b e  av ailed
of, t h e s e  a m o u n t s  will b e  inc r e a s e d  by $ 1 6,65 2.50
for  t h e  fir s t  t e n  yea r s,  a n d  by $ 3 3,3 05  for  t h e  n ex t
fift ee n  ye a r s .

The  a m o u n t s  to  b e  p aid  a r e  to  b e  r e a dju s t e d  a t  t h e
e n d  of t w e n ty-five  ye a r s;  a n d  t h e r e af t e r  a t  in t e rv als
of t w e n ty-five  yea r s.   If t h e  ci ty a n d  t h e  Rail roa d
Co m p a ny s h all no t  a g r e e  u po n  t h e  r e a djus t e d  r a t e s ,
t h ey  a r e  to  b e  d e t e r min e d  by t h e  S u p r e m e  Cou r t  of
t his  S t a t e .

Fif th.—The  r ail ro a d  to  b e  e n ti r ely
in t u n n el  exc e p t  w h e r e  i t a p p ro ac h e s  t h e  s u rf ac e  a t
it s  e a s t e r n  t e r min al  n e a r  Tho m so n  Aven u e,  in Qu e e n s
Borou g h.   The  u p p e r m os t  p a r t  of t h e  t u n n el  is to
b e  a t  le a s t  nin e t e e n  fee t  b elow t h e  s u rf ac e  of t h e
s t r e e t ;  b u t  t his  limit a tion  do e s  no t  a p ply to  t h e
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po r tions  of Thi r ty-fir s t  a n d  Thir ty-t hi rd  S t r e e t s
opposi t e  t h e  t e r min al  s t a tion  b e t w e e n  S eve n t h  a n d  Nin t h
Aven u e s,  w h e r e  t h e  Co m p a ny m ay occ u py t h e  u n d e r g ro u n d
po r tions  of t h e  s t r e e t  u n d e r  t h e  ro a d w ay to  wi t hin
t hi r ty  inc h e s  of t h e  s u rfac e,  a n d  u n d e r  t h e  sid e w alks
on  Thi r ty-fir s t  a n d  Thi r ty-t hi r d  S t r e e t s  opposi t e  to
t h e  s t a tion  to  wi thin  five  fee t  of t h e  s u rfac e,  t h e
co m p a ny to  p ro p e rly c a r e  for  s e w e r s ,  w a t er, g a s  a n d
o th e r  pipe s  a n d  u n d e r g ro u n d  s t r uc t u r e s  lawfully in
t h e  s t r e e t .

Six t h.—The  co m p a ny to  m a k e  good
all d a m a g e  do n e  to  p ro p e r ty of t h e  ci ty by  it s  cons t r u c tion
wo rk  o r  op e r a tions,  a n d  to  a b u t ting  ow n e r s  all d a m a g e
do n e  t h ro u g h  a ny fault  o r  n e glige nc e  of t h e  co m p a ny,
o r  of a ny con t r a c to r  o r  s u b-con t r a c to r  e n g a g e d  u po n
its  work  of cons t r uc tion  o r  op e r a tion.   The  Tun n el
Co m p a ny to  k e e p  Thir ty-fir s t  a n d  Thi r ty-t hi rd  S t r e e t s
opposi t e  t h e  s t a tion  w ell p ave d  wi th  s moot h  p ave m e n t
a n d  in t ho ro u g hly good  con di tion.
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S e v e n t h .—Tun n el exc ava tions  to  b e
do n e  wi thou t  dis t u r bin g  t h e  s u rfac e  of t h e  s t r e e t ,
exc e p t  in t h e  po r tions  of Thir ty-fir s t  a n d  Thi r ty-t hi r d
S t r e e t s ,  a n d  S eve n t h,  Eig h t h  a n d  Nin t h  Aven u e s  in  fron t
of t h e  t e r min al  s t a tion,  a n d  exc e p t  in Qu e e n s  Borou g h,
wi th  t h e  po w e r  to  t h e  R a pid  Tra n si t  Boa r d,  w h e r eve r
con di tions  els e w h e r e  m a k e  s u rfac e  exc ava tion  n e c e s s a ry
for  efficien t  cons t r u c tion,  to  g r a n t  t h e  r igh t  for
s uc h  exc ava tion,  s u bjec t  to  con di tions  to  b e  t h e n
p r e s c rib e d  by t h e  Boa r d.   The  t r a cks  a r e  to  b e
con s t r u c t e d  of t h e  m os t  a p p rove d  pl a n  so  a s  to  avoid
nois e  o r  t r e m or.  All pla ns  for, a n d  t h e  m e t hod
of doing,  t h e  work  a r e  m a d e  s u bjec t  to  t h e  a p p roval
of t h e  Ra pid  Tra n si t  Boa r d.

Eigh t h .—The  m o tive  pow e r  to  b e  el ec t rici ty,
o r  s uc h  o t h e r  po w e r  no t  involving  co m b us tion  a s  m ay
b e  a p p rove d  by t h e  Boa r d.

Ni n t h.—The  co m p a ny to  h av e  no  pow e r
to  c a r ry on  m e r ely local t r affic, exc e p t  wi th  t h e
a p p roval of t h e  Boa r d  a n d  for  a d di tion al conside r a tion
to  b e  p aid  t h e  ci ty.  Traffic is d efine d  a s  local
w hich  b e gin s  a n d  e n d s  in t h e  ci ty wi t hin  five  mile s
of t h e  t e r min al  s t a tion  on  S eve n t h  a n d  Nin t h  Avenu e s.

Tent h.—The  r ail roa d  to  b e  dilige n tly
a n d  skillfully op e r a t e d ,  wi th  d u e  r e g a r d  to  t h e  conve nie nc e
of t h e  t r aveling  p u blic.

Elev e n t h .—The  ci ty to  h ave  a  lien
u po n  t h e  fr a nc his e  a n d  r e al  p rop e r ty of t h e  co m p a ny
to  s ec u r e  t h e  p ay m e n t  of r e n t al.

T w elf t h.—The  rig h t s  of t h e  ci ty
to  b e  e nforc e a ble  by a c tion,  for  s p ecific p e rfo r m a n c e,
o r  m a n d a m u s,  o r  o t h e r wis e.

T hir t e e n t h.—The  co m p a ny no t  to  oppos e
t h e  cons t r uc tion  of a ny r a pid  t r a n si t  r ail roa d  along
o r  a c ros s  t h e  s a m e  ro u t e s  w hich  do  no t  a c t u ally in t e rfe r e
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with  t h e  a u t ho rize d  s t r uc t u r e s  of t h e  co m p a ny.

Four te e n t h.—The  ci ty to  h ave  a n
a m ple  righ t  of insp e c tion  of t h e  r ail roa d,  a n d  to
e n t e r  u po n  it  for  exa min a tion,  s u p e rvision,  o r  c a r e
of ci ty p ro p e r ty, o r  for  o t h e r  p u r pos es .

Fif t e e n t h.—The  co m p a ny to  b e  bo u n d
to  m ain t ain  a n d  s t r e n g t h e n  all p a r t s  of it s  r ailways
u n d e r  s t r e e t s  o r  av e n u e s  so  t h a t  t h e  s a m e  s h all s u p po r t
s afely a ny s t r uc t u r e s  s u p e ri m pos e d  o r  w hic h  m ay  h e r e af t e r
b e  s u p e ri m pos e d  t h e r eo n  by t h e  ci ty o r  u n d e r  p u blic
a u t ho ri ty.

Six t e e n t h.—The  co m p a ny to  h av e  t h e
righ t  to  convey o r  m o r t g a g e  t h e  fra nc hise,  b u t  eve ry
g r a n t e e ,  w h e t h e r  di r ec tly o r  u n d e r  a  m o r t g a g e ,  to
a s s u m e  t h e  oblig a tions  al r e a dy a s s u m e d  by t h e  R ailroa d
Co m p a ny a n d  t h e  R ail roa d  Co m p a ny no t  to  b e  r eli eve d
of s uc h  obliga tions  by t h e  g r a n t .

This  fr a nc his e  w a s  p a s s e d  by t h e  Boa r d  of Alde r m e n
on  Dec e m b e r  1 6 t h  a n d  a p p rove d  by t h e  M ayor  on  Dec e m b e r
2 3 d,  1 9 0 2.

S u b s e q u e n tly, a n  a g r e e m e n t ,  d a t e d  Jun e  2 1 s t ,  1 9 0 7,
w a s  e n t e r e d  in to  by t h e  Ci ty of N e w  York, t h e  Tun n el
Co m p a ny, a n d  t h e  Long  Islan d  Rail ro a d  Co m p a ny cove rin g
t h e  cons t r uc tion  of t h e  S u n nysid e  Yard,  w hic h  for m s
t h e  e a s t e r n  t e r min u s  of t h e  line.
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In  p u r s u a nc e  of t his  a g r e e m e n t ,  t h e  m a p  o r  pl a n  of
t h e  City of N e w  York w a s  ch a n g e d  by discon tin uing
o r  closing  po r tions  of fifty s t r e e t s  o r  ave n u e s ,  a n d
by c h a n gin g  t h e  g r a d e s  of sixt e e n  s t r e e t s  o r  av e n u e s ,
in  t h e  Borou g h  of Qu e e n s,  a n d  t h e  po r tions  of s t r e e t s
a n d  ave n u e s  t h u s  di scon tinu e d  a n d  close d,  m os t  of
w hich  w e r e  no t  op e n e d  for  p u blic u s e ,  w e r e  sold  to
t h e  R ail roa d  Co m p a nie s.   The  a g r e e m e n t ,  how ever,
r e s e rve d  to  t h e  City p e r m a n e n t  a n d  p e r p e t u al  u n d e r g ro u n d
righ t s  a n d  e a s e m e n t s  to  m ain t ain  in a  r e a so n a ble  m a n n er,
no t  inconsis t e n t  wi t h  t h e  cons t r uc tion  a n d  op e r a tion
of t h e  r ail ro a d  faciliti es  of t h e  Co m p a nie s,  it s  exis ting
s e w e r s ,  d r ains,  a n d  o th e r  s u b-s u rf ac e  s t r u c t u r e s  in,
u n d er, a n d  t h ro u g h  t h e  land s  wi t hin  t h e  line s  of t h e
discon tinu e d  po r tions  of e a c h  of s uc h  s t r e e t s  a n d
av e n u e s ,  including  t h e  rig h t  to  r e p air, r e b uild,  a n d
e nla r g e  t h e  s a m e,  a n d  to  cons t r u c t  in  a  r e a so n a ble
m a n n er, no t  inconsis t e n t  wi th  t h e  cons t r uc tion  a n d
op e r a tion  of t h e  r ail roa d  facili tie s  of t h e  Co m p a nie s,
s uc h  a d di tion al s e w e r s  o r  d r ains  in, u n d er, o r  t h ro u g h
t h e  lan d s  a s  m ay b e  h e r e af t e r  r e q ui r e d  by  t h e  City,
tog e t h e r  wi th  t h e  ri gh t  to  e n t e r  u po n  t h e  p r e mis e s
fro m  ti m e  to  ti m e  a s  m ay  b e  n e c e s s a ry  for  t h e  p u r pos e
of ins p ec tin g,  r e p ai ring,  cons t r uc ting,  o r  r e b uilding
t h e  s u b-s u rfac e  s t r uc t u r e s.

The  a g r e e m e n t  r e q ui r e d  t h e  Co m p a nie s  to  cons t r u c t
a t  t h ei r  exp e n s e ,  fou r  viad uc t s  o r  b ridg e s  ove r  t h ei r
t r a cks  a n d  t e r min al  d evelop m e n t,  t h r e e  wi th  ro a d w ays
4 2  ft. wid e,  on e  wit h  a  ro a d w ay 6 0  ft. wid e,  a n d  e a c h
to  h ave  t wo  side w alks  1 0  ft. wid e,  t h e  wo rk  to  includ e
t h e  p aving  of t h e  ro a d w ays  a n d  sid e w alks.

The  Co m p a nies  a r e  fu r t h e r  r e q ui r e d  to  p ay on e-h alf
t h e  cos t  of t h e  cons t r uc tion  of t h e  foun d a tions,  a b u t m e n t s,
pi e r s ,  s u p e r s t r u c t u r e s,  a n d  a p p ro a c h  of a n  a d di tion al
viad uc t  o r  b ridg e  ove r  t h e  S u n nysid e  Yard,  to  h ave
a  ro a d w ay no t  m o r e  t h a n  6 0  ft. wid e  a n d  t wo  side w alks
e a c h  1 0  ft. wid e,  a n d  to  g r a n t  t h e  City of N e w  York
a  p e r p e t u al  e a s e m e n t  for  t h e  con tinu a nc e  of t h e  s a m e
in t h e  loca tion  u po n  w hich  it  s h all b e  cons t r uc t e d.
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The  a g r e e m e n t  fu r t h e r  p rovides  t h a t  t h e  Co m p a nie s
s h all no t  inju r e  t h e  s e w e r s  o r  o th e r  s u b s t r u c t u r e s
now  exis ting  o r  h e r e af t e r  co ns t r u c t e d  u n d e r  t h e  s t r e e t s
a n d  ave n u e s,  a n d,  in  c a s e  of inju ry, t h a t  t h ey  s h all
r e p ai r  t h e m  o r  p ay t h e  cos t  t h e r eof; t h a t  t h e  viad uc t s
s h all b e  co m ple t e d  wit hin  t h e  s ho r t e s t  ti m e  consis t e n t
wi th  t h ei r  s afe  a n d  p rop e r  cons t r uc tion,  a n d  t h a t
d u ring  t h ei r  cons t r uc tion  t e m po r a ry  s t r e e t s  s h all
b e  p rovide d  for  t h e  a cco m m o d a tion  of t r affic.

The  Co m p a nies  a r e  r e q ui r e d  to  b e a r  all t h e  exp e n s e
of c h a n g e s  of g r a d e  in t h e  s t r e e t s  a n d  av e n u e s,  exc e p t
t hos e  m a d e  n e c e s s a ry by t h e  cons t r u c tion  of t h e  viad uc t
o r  b rid g e  to  b e  p aid  for  in p a r t  by  t h e  City; to  ind e m nify
t h e  City a g ains t  all liability for  a ny a n d  all d a m a g e s
w hich  m ay a cc r u e  on  a cco u n t  of a ny s t r e e t  w hich  m ay
b e  clos e d  o r  t h e  g r a d e s  of w hich  m ay b e  c h a n g e d  in
p u r s u a nc e  of t h e  a g r e e m e n t;  to  a s s u m e  all liabilitie s
by r e a so n  of t h e  cons t r uc tion  o r  op e r a tion  of t h e
r ailroa ds ,  o r  t h e  cons t r u c tion  of t h e  viad uc t s,  a n d
to  s ave  t h e  ci ty h a r ml es s  fro m  a ny liabili ty w h a t ever,
to  ei t h e r  p e r so ns  o r  p rop e r ty, by  r e a so n  of t h e  cons t r uc tion
o r  op e r a tion  of t h e  r ail ro a d s  o r  t h e  cons t r uc tion
of t h e  viad uc t s.
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The  Co m p a nies  a r e  al so  r e q ui r e d  to  ind e m nify t h e  City
a g ain s t  a n d  p ay t h e  cos t  of all a l t e r a tions  w hic h
m ay b e  r e q ui r e d  to  t h e  s e w e r a g e  o r  d r ain a g e  sys t e m
or  to  a ny s u b-s u rf ac e  s t r uc t u r e s  a n d  pip e s  laid in
t h e  s t r e e t s  o r  ave n u e s  on  a ccou n t  of t h e  cons t r uc tion
a n d  op e r a tion  of t h e  t e r min al, p a s s e n g e r  ya r d,  o r
freigh t  ya r d  of t h e  Co m p a nie s,  o r  on  a ccou n t  of t h e
c h a n g e s  in  g r a d e s  o r  s t r e e t  sys t e m.

The  Co m p a nies  a r e  a u t ho rized,  if t h ey  d e e m  it  n e c e s s a ry
to  t h e  cons t r uc tion  o r  to  t h e  efficien t  op e r a tion
of t h e  t e r min al  p a s s e n g e r  ya rd  o r  fr eigh t  ya r d,  to
d e p r e s s,  a t  t h ei r  exp e n s e ,  a ny pip es  o r  o th e r  s u b-s u rf ac e
s t r uc t u r e s  now  u n d e r  t h e  s u rf ac e  of a ny of t h e  po r tions
of t h e  s t r e e t s  o r  ave n u e s  di scon tinu e d  o r  close d,
o r  to  eleva t e  a n d  c a r ry  t h e  s a m e  u po n  a ny of t h e  viad uc t s
o r  b rid g e s ,  t h e  pl a ns  of s uc h  d e p r e s sion  o r  eleva tion
to  b e  a p p rove d  by t h e  Boa r d  of Es tim a t e  a n d  Appor tion m e n t .

All wo rks  wi thin,  u po n,  o r  ove r  t h e  p u blic s t r e e t s
a n d  ave n u e s  a r e  s u bjec t  to  t h e  s u p e rvision  a n d  insp e c tion
of t h e  p ro p e r  m u nicipal office r  o r  office r s,  u n d e r
s uc h  r e g ula tions  a s  h e  o r  t h ey  m ay  d e t e r min e  a n d  b e
a u t ho rize d  by law to  impos e;  a n d  t h e  pl a n s  for  t h e
con s t r u c tion  of viad uc t s  o r  b ridg e s  a r e  to  b e  a p p rove d
by t h e  Boa r d  of Es ti m a t e  a n d  Appor tion m e n t.

The  Co m p a nies  a r e  r e q ui r e d  to  c e d e  to  t h e  City of
N e w  York p e r p e t u al  e a s e m e n t s  for  t h e  ri gh t  to  con tinu e
a n d  m ain t ain  t h e  viad uc t s  o r  b ridg es  ove r  t h e  s t r e e t s
a n d  ave n u e s,  s ufficie n t  for  t h ei r  con t rol by  t h e  City
for  t h e  p u r pos e  of police  r e g ula tion  a n d  o th e r  con t rol
con t e m pl a t e d  by  t h e  City o rdin a n c e s  for  t h e  c a s e  of
s t r e e t s  o r  hig h w ays; r e s e rving,  how ever, t h e  ri gh t
to  cons t r u c t  a n d  m ain t ain,  a t  t h ei r  ow n  exp e ns e ,  s uc h
con n e c tions  b e t w e e n  t h e  viad uc t s  o r  b rid g e s  a n d  t h ei r
p ro p e r ty a s  s h all no t  in t e rfe r e  wi th  t h e  u s e  of t h e
viad uc t s  o r  b ridg e s  for  s t r e e t  p u r pos e s .

The  Co m p a nies  a r e  al so  r e q ui r e d  to  c e d e  to  t h e  City,
g r a d e  a n d  c u r b,  po r tions  of five  exis ting  o r  p ropos e d
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s t r e e t s  o r  av e n u e s ,  a n d  to  p ave  po r tions  of t wo  ot h e r
av e n u e s .

Mr. A. J. Cass a t t ,  P r e sid e n t  of t h e  Pen n sylva nia  R ailroa d
Co m p a ny, w a s  P r e sid e n t  of t h e  Co m p a nie s  cons ti t u tin g
t h e  N e w  York Tun n el Exte nsion  u n til his  d e a t h  on  Dec e m b e r
2 8 t h,  1 9 0 6,  a n d  Mr. Jam e s  McCr e a ,  P r e sid e n t  of t h e
Pen nsylvania  R ail roa d  Co m p a ny, w a s  el ec t e d  hi s  s ucc e s sor,
a n d  is now  P r eside n t  of t h e  Pe n n sylva nia  Tun n el a n d
Ter min al Rail ro a d  Co m p a ny.

Mr. S a m u el  Re a,  S e con d  Vice-P r e sid e n t  of t h e  Pen n sylva nia
R ail roa d  Co m p a ny, h a s  s e rve d  a s  Vice-P r e sid e n t  sinc e
t h e  inco r po r a tion  of t h e  e n t e r p ris e.

Mr. A. J. Cou n ty h a s  b e e n  Assis t a n t  to  t h e  P r e side n t
since  June  2 6 t h,  1 9 0 7,  a n d  p rio r  t h e r e to  a n d  fro m
t h e  inco r po r a tion  of t h e  t u n n el  e n t e r p ri s e  s e rve d
a s  S ec r e t a ry  of t h e  Pe n n sylva nia,  N e w  Jer s ey a n d  N e w
York Rail ro a d  Co m p a ny a n d  a s  Assis t a n t  S ec r e t a ry  of
t h e  Pe n n sylvania,  N e w  York a n d  Long  Isla n d  R ail roa d
Co m p a ny, w hich,  a s  h e r e tofo r e  s t a t e d ,  cons ti t u t e  t h e
Pen nsylvania  Tun n el a n d  Ter min al Rail ro a d  Co m p a ny.
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ENGINEERING ORGANIZATION.

Mr. Re a,  Vice-P r e side n t ,  h a s  g e n e r al  ch a r g e  of all
m a t t e r s  involved  in t h e  d e sig nin g  a n d  exec u tion  of
t h e  p rojec t .

T h e  Board  of  E n gin e ers.—Befor e  t h e
b e gin ning  of t h e  work,  t h e  M a n a g e m e n t  a p poin t e d  a
Boa r d  of E n gine e r s  w hich  w a s  ins t r uc t e d  to  exa min e
in to  t h e  N e w  York Tun n el  Ext e n sion  p rojec t;  to  p a s s
u po n  t h e  p r a c tic a bili ty of t h e  u n d e r t aking;  to  d e t e r min e
u po n  t h e  b e s t  pl a ns  for  c a r rying  it  ou t;  to  m a k e  a
c a r eful e s ti m a t e  of it s  cos t;  a n d,  if t h e  wo rk  w a s
u n d e r t ak e n,  to  exe rcis e  g e n e r al  s u p e rvision  ove r  it s
con s t r u c tion.

P r e sid e n t  Cas s a t t’s le t t e r  a p poin ting  t h e  Boa r d
con t ain s  t h e  following  fu r t h e r  ins t r uc tions: 

“You a r e  r e q u e s t e d  to  p roc u r e  all a d di tion al
info r m a tion  t h a t  m ay  b e  n e e d e d,  s p a rin g  n ei th e r  t im e
no r  a ny n e c e s s a ry exp e n s e  in doing  so,  for  I a m  s u r e
it  is no t  n ec es s a ry  for  m e  to  s ay t h a t ,  in view of
t h e  m a g ni t u d e  a n d  g r e a t  cos t  of t h e  p ropos e d  cons t r u c tion,
a n d  of t h e  novel e n gin e e ring  q u e s tions  involved,  you r
s t u die s  s ho uld  b e  t ho ro u g h  a n d  exh a u s tive,  a n d  s ho uld
b e  b a s e d  u po n  a b solu t e  knowle d g e  of t h e  con di tions.”

The  Boa r d  w a s  o r g a nize d  on  Janu a ry  1 1 t h ,  1 9 0 2,  w h e n
it  h eld  it s  fir s t  s e s sion,  a n d  con tinu e d  in t h e  p e rfo r m a nc e
of it s  d u ti es  u n til April 3 0 t h,  1 9 0 9,  w h e n  it w a s
dis solved,  i t s  wo rk  h aving  b e e n  co m ple t e d .

The  Boa r d  h eld  r e g ula r  a n d  s p e ci al s e s sions  to  r e c eive
p ro g r e s s  r e po r t s  fro m  t h e  Chief E n gin e e r s  in di r ec t
c h a r g e  of cons t r uc tion,  a n d  to  conside r  q u e s tions
r el a ting  to  t h e  pla ns  a n d  d e t ails  of t h e  wo rk  s u b mi t t e d
by it s  m e m b e r s  o r  r efe r r e d  to  it by t h e  M a n a g e m e n t .  
I t  t h e n  r e po r t e d  it s  co nclu sions  to  t h e  Vice-P r e sid e n t
for  a p p roval b efo r e  t h e  work  w a s  u n d e r t ak e n.
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The  M a n a g e m e n t  e a r n e s tly imp r e s s e d  u po n  t h e  Boa r d
t h ro u g ho u t  t h e  w hole  p e riod  of it s  labo r s,  t h a t  t h e
Tun n el Ext e nsion  a n d  facili ti e s  w e r e  to  b e  d e sig n e d
a n d  cons t r u c t e d  wi thou t  r e g a r din g  cos t  a s  a  gove r nin g
fac tor, t h e  m ain  consid e r a tions  b eing  s afe ty, d u r a bili ty,
a n d  p rop e r  a c co m m o d a tion  of t h e  t r affic.  N o  exp e n di t u r e
t e n din g  to  ins u r e  t h e s e  con di tions  w a s  to  b e  avoide d.

The  Boa r d ,  w h e n  o r g a nize d,  w a s  co m pos e d  a s  follows: 
Col.  Ch a rl e s  W. R ay mo n d,  Corps  of E n gin e e r s ,
U. S. Army, Ch ai r m a n; M e s s r s .  Gus t av Lind e n t h al, Ch a rle s
M. Jacobs,  Alfred  N o ble,  a n d  Willia m  H.  Brow n.

Mr. Geo r g e  Gibbs  w a s  a p poin t e d  a  m e m b e r  of t h e  Boa r d
on  April 9 t h,  1 9 0 2.   Mr. Lind e n t h al  r e sig n e d  on
Dec e m b e r  1 5 t h ,  1 9 0 3,  a n d  Mr. Brow n  r e sig n e d  on  M a rc h
1 s t ,  1 9 0 6.   Mr. Re a  a n d  all t h e  m e m b e r s  of t h e
Boa r d  a r e  m e m b e r s  of t h e  Ame ric a n  Socie ty of Civil
E n gin e e r s,  a n d  Mr. N o ble  is a  Pas t-P r e side n t  of t h e
Socie ty.

Mr. Willia m  R. M e a d,  of t h e  fi rm  of M cKim, M e a d,  a n d
Whit e,  Archi t ec t s  for  t h e  Ter min al S t a tion,  w a s  a s socia t e d
wi th  t h e  Boa r d  for  t h e  conside r a tion  of a r c hi t ec t u r al
s u bjec t s .

Mr. Rob e r t  H.  Groff, S ec r e t a ry  of t h e  Co m p a ny, w a s
al so  S ec r e t a ry  of t h e  Boa r d  u n til his  r e sig n a tion
on  Janu a ry  3 1 s t ,  1 9 0 7.   Mr. Willia m  Cou p e r  w a s
Acting-S e c r e t a ry  fro m  April 1 5 t h,  1 9 0 7,  to  April 3 0 t h ,
1 9 0 9.
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S. Joha n n e s son,  Assoc.   M.  Am.  Soc.  
C. E., w a s  E n gin e e r  Assis t a n t  to  t h e  Ch ai r m a n  fro m
Dec e m b e r  1 s t ,  1 9 0 5,  to  April 3 0 t h,  1 9 0 9.

Division  of  t h e  Wor k.—For  t h e  p u r pos e s
of a c t u al  cons t r uc tion,  t h e  line  w a s  divide d  in to
fou r  p a r t s:   t h e  M e a dow s  Division,  t h e  N o r t h  Rive r
Division,  t h e  Ter min al S t a tion,  a n d  t h e  E a s t  Rive r
Division.   A c hief e n gin e e r  a p poin t e d  by  t h e  M a n a g e m e n t
h a d  c h a r g e  of t h e  cons t r uc tion  of e a c h  Division.  
The  chief e n gin e e r s  exe rcis e d  full a u t ho ri ty in t h e
o r g a niza tion  of t h e  working  forc es,  a n d  in t h e  g e n e r al
con d uc t  a n d  m a n a g e m e n t  of t h e  wo rk  of co ns t r uc tion
on  t h ei r  r e s p e c tive  Divisions ,  in  a cco r d a nc e  wi th
t h e  pl a ns  for  s uc h  wo rk  a p p rove d  by t h e  Boa r d  of E n gin e e r s
a n d  t h e  M a n a g e m e n t .

Archit ec t s  w e r e  e m ploye d  to  d e sig n  t h e  Ter min al S t a tion
b uilding  a n d  s u p e rin t e n d  it s  e r e c tion; a n d  s t r uc t u r al
e n gin e e r s  to  d e sign  a n d  e r e c t  s t e el  s t r u c t u r e s  a n d
facili tie s,  a n d  c a r ry on  t h e  wo rk  u n d e r  t h e  di r ec tion
of a  Chief E n gin e e r  of t h e  Co m p a ny.

Co m mit t e e s ,  consis ting  p rincipally of office r s  of
t h e  Pe n n sylvania  R ail ro a d  Co m p a ny, co-op e r a ting  wi th
t h e  r e g ula r  e n gin e e rin g  o rg a niza tion,  w e r e  a p poin t e d
to  conside r  t h e  op e r a tin g  fe a t u r e s  of t h e  p rojec t,
so  t h a t  t h e  exp e ri e nc e  of t h e  Pe n n sylva nia  R ail roa d
Co m p a ny’s o r g a niza tion  mig h t  b e  u tilized  in
t h e  wo rk.

[Illus t r a tion:  PLATE I.—Pen nsylvania
Tun n el a n d  Ter min al  R ail roa d.   M a p  a n d  P rofile. 
Be r g e n  Hill Tun n el, N e w  Jer s ey to  Long  Isla n d  S h af t,
Borou g h  of Qu e e n s]

DESCRIPTION OF THE LINE.
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The  following  s u m m a ry d e sc rip tion  of t h e  va rious  divisions
of t h e  line  is in t e n d e d  to  give  a  co m p r e h e n sive  ide a
of t h e  g e n e r al  fea t u r e s  of t h e  p rojec t.   F ull
d e t ails  will b e  given  in s ucc e e din g  p a p e r s .   The
line  a n d  it s  r e s p e c tive  divisions  a r e  s how n  on  Pla t e
I.

M e a do w s  Division.—Chief E n gin e e r
u n til M a r c h  1 s t ,  1 9 0 6,  Mr. Willia m  H.  Brow n,  Chief
E n gin e er, Pen n sylva nia  Rail ro a d  Co m p a ny, w h e n  h e  r e ti r e d
fro m  a c tive  s e rvice  wi t h  t h e  la t t e r  Co m p a ny; sinc e
M a rc h  1 s t ,  1 9 0 6,  Mr. Alexa n d e r  C. S h a n d,  Chief E n gin e er,
Pen nsylvania  R ail roa d  Co m p a ny.

This  Division  consis t s  of a n  “in t e r c h a n g e  ya r d”
a t  H a r rison,  n e a r  N e w a rk,  N. J., a djoining  t h e  t r a cks
of t h e  p r e s e n t  N e w  York Division  of t h e  Pen nsylvania
R ail roa d,  a n d  a  do u ble-t r a ck  r ail roa d  a c ros s  t h e  H a ck e n s a ck
M e a dow s  to  t h e  w e s t  side  of Be r g e n  Hill, a  dis t a n c e
of 6.0 4  miles.   The  cons t r uc tion  is e m b a nk m e n t
a n d  b ridg e  work,  including  b rid g e s  a c ross  t h e  Pen nsylvania,
E rie,  a n d  Lack aw a n n a  R ail roa d s,  a n d  t h e  H a ck e n s a ck
River.

N or t h  Riv er  Division.—Chief E n gine er,
Mr. Ch a rle s  M.  Jacobs.
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This  Division  co m m e n c e s  a t  t h e  w es t  sid e  of Be r g e n
Hill a n d  p a s s e s  t h ro u g h  t h e  hill in t wo  single-t r a ck
rock  t u n n els  to  a  la r g e  p e r m a n e n t  s h af t  a t  Wee h a wk e n,
n e a r  t h e  w e s t  s ho r e  of t h e  N o r t h  River, a n d  t h e nc e
e a s t w a r d  a  dis t a nc e  of 2 2 4  ft. to  t h e  Wee h a w k e n  s hield-c h a m b er. 
I t  t h e n  p a s s e s  u n d e r  t h e  rive r  t h ro u g h  t wo  c a s t-iron,
conc r e t e-lined,  single-t r a ck  t u n n els,  wi th  ou t side
dia m e t e r s  of 2 3  ft., to  a  poin t  u n d e r  3 2 d  S t r e e t ,
n e a r  Eleve n t h  Avenu e,  in  N e w  York City, a n d  t h e n c e
t h ro u g h  t wo  single-t r a ck  t u n n els  of va rying  c ro ss-s e c tion,
p a r t ly cons t r uc t e d  in c u t-a n d-cover, to  t h e  e a s t  side
of Tent h  Avenu e.   I t  t h e n  p a s s e s  in to  t h e  S t a tion
Yard  a n d  t e r min a t e s  a t  t h e  e a s t  b uilding  line  of Nin t h
Aven u e.   The  wo rk  includ e d  t h e  S t a tion  Yard  exc ava tion
a n d  w alls  fro m  Ten t h  Avenu e  to  Nin t h  Aven u e,  a n d  t h e
r e t aining  w alls  a n d  t e m po r a ry  u n d e r pinning  of Nin t h
Aven u e.   The  a g g r e g a t e  leng t h  of t h e  line  in t his
Division  is 2 .7 6  mile s.

N e w  York  S ta tion  an d  Ap proach e s. —Mr.
Geor g e  Gibbs,  Chief E n gin e e r  of Elec t ric  Trac tion
a n d  S t a tion  Cons t r uc tion.

The  S t a tion  a n d  it s  a p p ro ac h e s  ext e n d  fro m  t h e  e a s t
line  of Ten th  Aven u e  e a s t w a r d  to  poin t s  in 3 2 d  S t r e e t
a n d  3 3 d  S t r e e t ,  r e s p e c tively, 2 9 2  ft. a n d  5 0 2  ft.
e a s t  of t h e  w e s t  line  of S eve n t h  Avenu e.   This
Division  includ e d  t h e  cons t r uc tion  of s u b w ays  a n d
b rid g e s  for  t h e  s u p po r t  of 3 1s t  a n d  3 3 d  S t r e e t s  a n d
S eve n t h,  Eigh t h ,  a n d  Nin t h  Avenu e s,  t h e  S t a tion  b uilding
b e t w e e n  S eve n t h  a n d  Eigh t h  Aven u e s ,  t h e  foun d a tions
for  t h e  pos t  office  to  b e  e r e c t e d  w e s t  of Eigh t h  Avenu e,
t h e  s e rvice  pow e r-ho us e  in 3 1s t  S t r e e t  b e t w e e n  S eve n t h
a n d  Eig h t h  Aven u e s ,  t h e  pow e r-ho us e  in  Long  Isla n d
City, t h e  t r a c tion  sys t e m,  t r a cks,  sign al s,  a n d  misc ella n eo us
facili tie s  r e q ui r e d  in  t h e  p hysical cons t r uc tion  of
t h e  e n ti r e  t e r min al r ail roa d  r e a dy for  op e r a tion.  
M e s s r s.  M cKim, M e a d,  a n d  Whit e  w e r e  t h e  a r c hi t ec t s
for  t h e  S t a tion  a n d  M e s s r s.  Westing ho us e,  Chu rc h,
Ker r  a n d  Co m p a ny exec u t e d  t h e  s t r uc t u r al  e n gin e e ring
wo rk,  bo t h  in t h e  s t a tion  a n d  for  t h e  s u p po r t  of t h e
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s t r e e t s ,  a s  w ell a s  t h e  cons t r uc tion  of t h e  s u b w ays.

The  s t a tion  is of s t e el  sk ele ton  cons t r uc tion  wi t h
m a so n ry  c u r t ain  w alls, a ll s u p po r t e d  by a  sys t e m  of
colu m n s  ex t e n din g  to  a  r ock  foun d a tion.   This
b uilding  cove r s  t wo  ci ty blocks  a n d  on e  in t e r s e c ting
s t r e e t ,  a n d  h a s  a n  a r e a  of a bo u t  8  a c r e s .   I t  is
7 7 4  ft. long, 4 3 3  ft. wid e,  wi t h  a n  av e r a g e  h eig h t
a bove  t h e  s t r e e t  of 6 9  ft., a n d  a  m axim u m  of 1 5 3  ft. 
The  m ain  w ai ting-roo m  is 2 7 7  ft. long,  1 0 3  ft. wid e
a n d  1 5 0  ft. hig h.   The  Concou r s e  is 3 4 0  ft. long
a n d  2 1 0  ft. wid e.

The  level of t h e  t r a ck  sys t e m  b elow t h e  s t r e e t  s u rfac e
va rie s  fro m  3 9  to  5 8  ft., a n d  is fro m  7  to  1 0  ft.
b elow m e a n  high  w a t e r  in t h e  h a r bor, t h e r e by n ec e s si t a ting
t h e  e s t a blish m e n t  of a n  el a bo r a t e  sys t e m  of d r ain a g e
ove r  t h e  e n ti r e  s t a tion  ya r d  a r e a .   Access  to  t h e
s t r e e t  is g ain e d  by el eva to r s  a n d  s t ai rw ays.

To a cc el e r a t e  t h e  loadin g  a n d  u nloa din g  of t h e  t r ain s,
hig h  pl a tfo r m s  will b e  cons t r u c t e d  in t h e  s t a tion
on  a  level wi th  t h e  floors  of t h e  c a r s ,  in  o r d e r  to
avoid  t h e  u s e  of c a r  s t e p s  a n d  inc r e a s e  t h e  t r affic
c a p aci ty of t h e  s t a tion.
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The r e  will b e  2 1  s t a n ding-t r a cks  a t  t h e  s t a tion,  a n d
1 1  p a s s e n g e r  pl a tfo r m s,  p roviding  2 1,50 0  ft. of pl a tfo r m
a djac e n t  to  p a s s e n g e r  t r ain s.   Within  t h e  s t a tion
a r e a ,  w hich  fro m  Ten t h  Avenu e  to  t h e  no r m al t u n n el
s ec tions  e a s t  of S eve n t h  Avenu e  co m p ris e s  2 8  a c r e s ,
t h e r e  will b e  a  to t al  of a bo u t  1 6  miles  of t r a ck.

The  s e rvice  pl a n t  for  t h e  ins t alla tion  of m a c hin e ry
for  ligh ting,  h e a tin g,  a n d  ven tila ting  t h e  s t a tion,
a n d  for  op e r a ting  t h e  in t e rlocking  sys t e m,  is loca t e d
in a n  ind e p e n d e n t  b uilding  sou t h  of t h e  s t a tion.

The  Pow e r-Ho u s e  to  s u p ply t h e  elec t rical e n e r gy for
t h e  op e r a t ion  of t h e  t u n n el line  a n d  t h e  Long  Isla n d
R ail roa d  is si t u a t e d  on  p rop e r ty in  Qu e e n s  Borou g h
a djoining  t h e  p r e s e n t  Long  Islan d  R ail roa d  S t a tion
n e a r  t h e  E a s t  River, a n d  w a s  cons t r uc t e d  u n d e r  t h e
Chief E n gine e r  of Elec t ric  Trac tion  a n d  S t a tion  Cons t r uc tion.  
As a t  p r e s e n t  d e sign e d,  t h e  di m e n sions  of t h e  s t r u c t u r e
a r e  2 0 0  ft. by 2 6 2  ft., ou t side  m e a s u r e m e n t .  
I t  c a n  a cco m mo d a t e  six g e n e r a t ing  u ni t s  of 5 ,50 0  kw.,
t h e  s t a n d a r d  a do p t e d  for  fu tu r e  wo rk,  a n d  t wo  of 2 ,50 0
kw. for  ligh ting  t h e  t u n n els.   The  ul ti m a t e  c a p a ci ty
of t his  s t a tion  w h e n  ex te n d e d  will b e  a bo u t  1 0 5,0 0 0
kw.

Eas t  River  Division.—Chief E n gine er,
Mr. Alfred  N o ble.

This  Division  b e gin s  a t  t h e  e a s t e r n  limit s  of t h e
N e w  York S t a tion  a t  a  poin t  in 3 2 d  S t r e e t ,  2 9 2  ft.
e a s t  of t h e  w e s t  line  of S eve n t h  Avenu e,  a n d  a t  a
poin t  in 3 3 d  S t r e e t ,  5 0 2  ft. e a s t  of t h e  w e s t  line
of S eve n t h  Aven u e,  a n d  al so  includ e s  t h e  exc ava tion
wo rk  a n d  r e t aining  w alls  for  t h e  s t a tion  si t e  a n d
ya r d,  to  t h e  t r a ck  level, w es tw a r d  to  Nin t h  Aven u e.  
I t  ex t e n d s  e a s t w a r d  fro m  t h e  s t a tion  u n d e r  3 2 d  a n d
3 3 d  S t r e e t s  t h ro u g h  t u n n els  p a r tly t h r e e-t r a ck  a n d
p a r t ly so-c alle d  t win  t u n n els  to  S e con d  Avenu e;  t h e n c e
t h e  line  c u rve s  to  t h e  left  u n d e r  p riva t e  p ro p e r ty
to  p e r m a n e n t  s h af t s  a  few fee t  e a s t  of Fi r s t  Avenu e.  
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Fou r  sin gle-t r ack,  c a s t-iron,  conc r e t e-lined  t u n n els,
wi th  ou t sid e  dia m e t e r s  of 2 3  ft., p a s s  u n d e r  t h e  E a s t
River, a n d,  af t e r  p a s sin g  t h ro u g h  p e r m a n e n t  s h af t s
n e a r  t h e  b ulkh e a d  line,  r e a c h  t h e  s u rfac e  in Long  Islan d
City fro m  3,00 0  to  4,2 0 0  ft. e a s t  of t h e  E a s t  River. 
The  t u n n el  po r t al s  a r e  in S u n nyside  Yard,  w hich  ex t e n d s
to  Woodside,  t h e  e a s t e rly e n d  of t h e  Division,  a n d
t h e  Yard  g r a ding  wi th  it s  b uildings  a n d  a  n u m b e r  of
City viad uc t s  c ro ssing  it w e r e  exec u t e d  u n d e r  t his
Division.   The  to t al  leng t h  of t h e  Division  is
4.48  miles.

The  to t al  leng t h  of t h e  e n ti r e  line  is 1 3.66  mile s.  
The r e  a r e  6.7 8  mile s  of single-t r a ck  t u b e  t u n n els,
a n d  t h e  av e r a g e  len g t h  of t h e  t u n n els  b e t w e e n  po r t al s
is 5 . 56  miles.

[Illus t r a tion:  PLATE II.—Pe n n sylva nia
Tun n el a n d  Ter min al  R ail roa d.   M a p  a n d  P rofile. 
H a r r ison  Yard  to  Be r g e n  Hill Tun n el.  M e a do w  Division
July 3 0  1 9 0 9]

GENERAL CONSIDERATIONS.

Det ails  h ave  b e e n  o mit t e d  fro m  t h e  for e going  d e sc rip tion,
a s  t h ey  c a n  b e  t r e a t e d  b e t t e r  a n d  m o r e  fully by t h e
con s t r u c tin g  e n gin e e r s  in  s ucc e e ding  p a p e r s .  
The r e  a r e ,  how ever, so m e  g e n e r al  conside r a tions  involved
in t h e  d e sig nin g  of t h e  wo rk,  w hich  m ay, p e r h a p s ,  b e
r efe r r e d  to  m o r e  conve nien tly in  t his  in t rod uc to ry
p a p er, a n d  t h e s e  will now  r e c eive  a t t e n tion.
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In  all p a r t s  of t h e  wo rk  p roble m s  w e r e  e n co u n t e r e d
r e q ui ring  for  t h ei r  solu tion  la r g e  exp e n di t u r e s  a n d
m u c h  e n gin e e rin g  skill; b u t  m a ny  of t h e s e  difficul tie s
h a d  b e e n  fre q u e n tly m e t  in  p r evious  e n gin e e rin g  exp e ri e nc e,
a n d  t h e  m e t ho ds  of ove rco min g  t h e m  w e r e  w ell u n d e r s tood.  
Thus,  in t h e  M e a dow s  Division,  a  long  a n d  h e avy e m b a nk m e n t,
p a r t  of w hich  w a s  on  s u b m e r g e d  m e a dow  lan d,  a n d  m a ny
b rid g e  foun d a tions  h a d  to  b e  cons t r uc t e d;  in t h e  Be r g e n
Hill t u n n els,  ve ry tou g h  t r a p  rock  w a s  e nco u n t e r e d;
in t h e  t u n n els  u n d e r  t h e  ci ty, t h e  wo rk  w a s  m u c h  co m plica t e d
a n d  it s  cos t  inc r e a s e d  g r e a t ly by t h e  n ec es si ty of
c a ring  for  s e w e r s,  w a t e r  a n d  g a s  pipe s ,  a n d  t h e  foun d a tions
of a dj ac e n t  b uildings; a n d  m a ny  t ro u bleso m e  p roble m s
w e r e  m e t  in t h e  cons t r uc tion  of t h e  t u n n els  con n ec tin g
t h e  E a s t  Rive r  t u n n els  wi th  t h e  S u n nyside  Yard.

The  novel fea t u r e s  of t h e  p rojec t,  how ever, w e r e  t h e
g r e a t  t u n n els  ex t e n din g  t h e  line  u n d e r  t h e  N o r t h  a n d
E a s t  Rive r s.   Tun n els  of t h e  kind  con t e m pl a t e d ,
to  b e  u s e d  for  h e avy a n d  r a pid  r ail ro a d  t r affic, h a d
n eve r  b e e n  cons t r uc t e d  t h ro u g h  m a t e ri als  si mila r  to
t hos e  for ming  t h e  b e d s  of t h e  N o r t h  a n d  E a s t  Rive r s.  
Qu e s tions  a r ising  in con n e c tion  wi th  t h e  d e sig n  a n d
m e t ho d  of cons t r uc tion  of t h e  t u n n els  will b e  conside r e d
la t er.  H e r e  t h ey  a r e  r ef e r r e d  to  only in  t h ei r
r el a tion  to  t h e  loca tion  a n d  g r a d e s  of t h e  line,  in
w hich  con n ec tion  t h e  con di tions  con t rolling  t h ei r
e s t a blis h m e n t  w e r e  t h e  m o s t  impo r t a n t  el e m e n t s .

Loca tion  and  Grad es.—It w a s  d e si r a ble
to  m a k e  t h e  t u n n els  b e t w e e n  t h e  b ulkh e a d  line s  of
t h e  rive r s  a s  s t r aigh t  a s  possible,  a n d  it  w a s  n e c e s s a ry
to  pl ac e  t h e m  a t  s ufficien t  d e p t h  b elow t h e  d r e d gin g
pla n e  of t h e  War  De p a r t m e n t  (which  in t h e  N o r t h  a n d
E a s t  Rive r s  is 4 0  a n d  2 6  ft. b elow m e a n  low w a t er,
r e s p e c tively) to  ins u r e  t h e m  a g ain s t  possible  inju ry
fro m  h e avy a n c ho r s  o r  s u nk e n  vess el s.   F u r t h e r m o r e ,
t h ey  h a d  to  p a s s  u n d e r  t h e  pi e r s  a n d  b ulkh e a d s  of
M a n h a t t a n  a t  a  d e p t h  s ufficien t  to  m a k e  it c e r t ain
t h a t  t h ey wo uld  no t  affec t  t h e  s t a bili ty of t hos e
s t r uc t u r e s .   Anoth e r  conside r a tion  influe ncing
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t h e  e s t a blish m e n t  of t h e  d e p t h  of t h e  t u n n els  b elow
t h e  bo t to m s  of t h e  rive r s  b e c a m e  impo r t a n t  a s  soon
a s  t h e  m e t ho d  of cons t r uc tion  by  s hields  wi t h  co m p r e s s e d
ai r  w a s  a do p t e d,  n a m ely, t h e  n e c e s si ty of p roviding
s ufficien t  cove r  to  g u a r d ,  a s  fa r  a s  pos sible,  a g ains t
blow-ou t s  d u rin g  cons t r uc tion.

The  t u n n els  u n d e r  t h e  ci ty, co n n e c tin g  t h e  s u b-rive r
t u n n els  wi t h  t h e  Ter min al S t a tion,  w e r e  loca t e d  so
a s  to  give  a s  favor a ble  g r a d e s  a s  possible.   The
p rovision  of t h e  fra nc hise  r e q ui ring  t h e  tops  of t h e
t u n n els  to  b e  a t  le a s t  1 9  ft. b elow t h e  S t r e e t  s u rfac e ,
w hich  h a d  b e e n  s u g g e s t e d  by t h e  Co m p a ny to  p e r mi t
of fu tu r e  s u b w ays,  h a d  no  effec t  on  t h ei r  loca tion,
a s  o t h e r  con di tions  r e q ui r e d  t h e m  to  b e  a t  a  g r e a t e r
d e p t h.

The  line  ext e n din g  w e s t w a r d  fro m  Ber g e n  Hill h a d  to
b e  e s t a blish e d  so  a s  to  give  a m ple  h e a d-roo m  a t  t h e
n u m e ro us  b ridg e s  ove r  t h e  r ail roa ds  a n d  high w ays  w hich
it  c ros s e s .
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E a s t w a r d  fro m  t h e  E a s t  Rive r  t u n n els,  t h e  g r a d e s  w e r e
e s t a blis h e d  so  a s  to  ri s e  a s  u nifo r mly a s  pos sible
to  t h e  level of t h e  S u n nysid e  Yard.

The  g e n e r al  fea t u r e s  of t h e  line,  a s  finally a do p t e d
a n d  cons t r u c t e d ,  a r e  a s  follows: 

The  m axi m u m  g r a d e  w e s t  of t h e  Ter min al S t a tion  occu r s
on  t h e  N e w  York sid e  of t h e  N o r t h  River, a n d  is 2%
in t h e  w e s t-bo u n d  a n d  1.93% in t h e  e a s t-bo u n d  t u n n els.  
The  r uling  g r a d e s  (for  t h e  a s c e n ding  t r affic) b ein g
1.32% in t h e  w es t-bo u n d  a n d  1.93% in t h e  e a s t-bo u n d
t u n n els.   In  t h e  t u n n els  e a s t  of t h e  Ter min al
S t a tion  t h e  r uling  g r a d e  is 1 .5% for  bo t h  e a s t-bo u n d
a n d  w e s t-bo u n d  t r affic.  The r e  is, how ever, d e s c e n ding
wi th  t h e  t r affic, a  s ho r t  s ec tion  on  a  g r a d e  of 1 .9
p e r  c e n t .   Thes e  g r a d e s  wo uld  b e  objec tion a ble
wi th  s t e a m  loco motives  u n d e r  a  h e avy t r affic, b u t
t h e  d evelop m e n t  of t h e  el ec t ric  loco motive  h a s  r e n d e r e d
pos sible  t h e  op e r a tion  of g r a d e s  w hich  wo uld  h ave
for m e rly b e e n  conside r e d  p ro hibi tive.

F ro m  t h e  junc tion  wi th  t h e  Pen nsylvania  R ail ro a d,
n e a r  H a r ri son,  N. J., to  Woodside,  Long  Isla n d,  a
dis t a n c e  of 1 3.66  miles,  t h e r e  is a n  ave r a g e  of 1 .5
c u rve s  p e r  mile;  t h e  line  h aving  a  to t al  c u rva t u r e
of 2 3 0  d e g r e e s .   The  m axi m u m  c u rv a t u r e  is 2  d e g r e e s .

[Illus t r a tion:  PLATE III.—P. 
T. & T. R. R. E a s t  Rive r  Division.   S u n nysid e
Yard]

M e t ho d  of  Cons t ruc tion  of  S u b-Riv er  T u n n els. —The
c h a r a c t e r  of t h e  m a t e ri al  t h ro u g h  w hic h  t h e  t u n n els
w e r e  to  b e  cons t r u c t e d  diffe r e d  g r e a tly in t h e  t wo
rive r s.   The  b e d  of t h e  N o r t h  River, a t  t h e  level
of t h e  t u n n els,  consis t s  of sil t  co m pos e d  p rincip ally
of clay, s a n d,  a n d  w a t er, w hile  t h a t  of t h e  E as t  Rive r
is for m e d  of a  g r e a t  va ri e ty of m a t e ri als, s uc h  a s
q uicks a n d,  s a n d,  bo uld e r s,  g r av el, clay, a n d  b e d-rock. 
Whe n  t h e  m e t ho d  of cons t r u c tion  h a d  to  b e  d e cide d  t h e r e
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w e r e  no  t ho ro u g hly s a tisfac to ry p r e c e d e n t s  to  follow
in t h e  c a s e  of ei t h e r  r iver, a l t ho u g h  t h e  Gas  Tun n el
u n d e r  t h e  E a s t  River, t h e  p a r tly cons t r u c t e d  H u d son
Tun n els  u n d e r  t h e  No r t h  River, t h e  S t .  Clai r  Tun n el
u n d e r  t h e  S t.  Clai r  River, t h e  Blackw all a n d  s eve r al
o th e r  t u n n els  u n d e r  t h e  Tha m e s  Rive r  a t  London,  s u p plied
m u c h  u s eful info r m a tion.   The  s m alle r  t u n n els
for  a  ligh t e r  t r affic, sinc e  so  s ucc e s sfully cons t r uc t e d
u n d e r  t h e  N o r t h  a n d  E a s t  Rive r s,  h a d  no t  t h e n  b e e n
co m ple t e d.   U n d e r  t h e s e  ci rc u m s t a nc e s ,  i t w a s
t h e  d e si r e  of t h e  M a n a g e m e n t  t h a t  t h e  Boa r d  s ho uld
r e c eive  a n d  consid e r  p ropos e d  m e t hod s  of cons t r u c tion
fro m  all av ailable  sou rc e s;  a n d  d u ring  t h e  fi r s t  ye a r
of it s  labo rs  m u c h  of i ts  tim e  w a s  d evot e d  to  t h e
exa min a tion  a n d  discus sion  of p rojec t s  s u b mit t e d  for
it s  conside r a tion  by e n gin e e r s  a n d  p r ac tic al b uilde r s ,
so m e  of t h e s e  p rojec t s  h aving  d e cide d  m e ri t.  
Mos t  of t h e  m e t ho ds  p ro pos e d  involved  t e m po r a ry  s t r uc t u r e s ,
o r  t h e  u s e  of floa ting  pl a n t ,  in t h e  n aviga ble  c h a n n els
of t h e  river.  This w a s  objec tion a ble  in view of
t h e  r e s ul ting  obs t r uc tion  to  t h e  e no r m o u s  rive r  t r affic. 
Afte r  full conside r a tion  of t h e  s u bjec t ,  it w a s  d e cide d
to  a dop t  t h e  s hield  m e t ho d  wi th  co m p r e s s e d  ai r  for
t h e  cons t r uc tion  of t h e  t u n n els  u n d e r  bo t h  rive r s,
t his  b eing  t h e  only m e t hod  r e co m m e n d e d  by t h e  Chief
E n gin e e r s,  a n d  h aving  t h e  g r e a t  a dv a n t a g e  of con d uc ting
all op e r a tions  b elow t h e  bo t to m  of t h e  river, t h u s
avoiding  obs t r u c tion  of t h e  c h a n n el.
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Exp e rie nc e  h a s  s how n,  a s  w a s  a n ticip a t e d,  t h a t  it
is m u c h  m o r e  difficul t  to  cons t r u c t  t u n n els  in s uc h
m a t e ri al  a s  occu r s  in t h e  E a s t  Rive r  a n d  on  t h e  N e w
Jers ey side  of t h e  N o r t h  River, t h a n  in m o r e  ho mo g e n eo us
m a t e ri al  s uc h  a s  is foun d  in t h e  g r e a t e r  p a r t  of t h e
N o r t h  River.  Durin g  t h e  p ro g r e s s  of cons t r uc tion
u n d e r  t h e  E a s t  River, t h e r e  w e r e  fr eq u e n t  blow-ou t s
t h ro u g h  fiss u r e s  op e n e d  in t h e  rive r-b e d,  a n d  t h e  bo t to m
of t h e  rive r  ove r  t h e  t u n n el  h a d  to  b e  bl a nk e t e d  con tinuo usly
wi th  clay, to  c h e ck  t h e  flow of t h e  e s c a pin g  air.

In  view of t h e  s e rious  difficul tie s  w hich  it  w a s  t hou g h t
mig h t  b e  e nco u n t e r e d  in t h e  a p plica tion  of t h e  s hield
m e t ho d  to  t h e  E a s t  Rive r  wo rk,  o t h e r  m e t hods  for  t h e
exec u tion  of t hi s  p a r t  of t h e  p rojec t  r e c eived  s p ecial
con sid e r a tion,  on e  of t h e  m e t ho ds  co nsid e r e d  b ein g
t h e  fre ezing  p roc es s .   I t  w a s  p ro pos e d  to  d rive
a  s m all pilot  t u n n el  a n d  fr e ez e  t h e  g ro u n d  for  a  s ufficien t
dis t a n c e  a ro u n d  it  by  ci rc ula ting  b rine  t h ro u g h  a
sys t e m  of pip es  e s t a blis h e d  in t h e  t u n n el.  The
pilot  t u n n el  w a s  t h e n  to  b e  r e m ove d  a n d  t h e  full-size d
t u n n el  w a s  to  b e  exc ava t e d  in t h e  froze n  m a t e ri al
a n d  it s  lining  pl ac e d  in posi tion.   By t his  m e a n s ,
it  w a s  in t e n d e d  to  avoid  t h e  d a n g e r  incide n t  to  t h e
u s e  of co m p r e s s e d  ai r  in  m a t e ri al of g r e a tly va rying
c h a r a c t er.  This  m e t ho d  con t ain e d  too  m a ny  el e m e n t s
of u n c e r t ain ty to  jus tify it s  a do p tion; b u t  a s  t h e
M a n a g e m e n t  conside r e d  it d e si r a bl e  to  h ave,  if pos sible,
a n  al t e r n a tive  m e t ho d,  a n  ext e n d e d  exp e ri m e n t  w a s
m a d e  wi th  t h e  fre ezing  p roc e s s.   A pilo t  t u n n el,
7  ft.  6  in. in di a m e t er, w a s  d rive n  in t h e  b e d  of
t h e  E a s t  Rive r  for  a  dis t a nc e  of 1 6 0  ft., ci rc ula ting
pip e s  w e r e  e s t a blish e d  in it, a n d  b rin e  a t  a  ve ry
low t e m p e r a t u r e  w a s  p a s s e d  t h ro u g h  t h e  pipe s  u n til
t h e  g ro u n d  w a s  froze n  for  a  di s t a nc e  of a bo u t  1 1.5
ft. a ro u n d  t h e  t u n n el.  Obs e rva tions  to  d e t e r min e
t h e  r a t e  of cooling  a n d  o t h e r  impo r t a n t  poin t s  con n e c t e d
wi th  t h e  p roc e s s  w e r e  c a r efully m a d e.   Wh e n  it
w a s  foun d  t h a t  t h e  cons t r uc tion  of t h e  t u n n els  w a s
p ro g r e s sing  s a tisfac to rily by  t h e  s hield  m e t hod,  a n d
t h a t  so  m u c h  tim e  w a s  r e q ui r e d  to  fre ez e  t h e  m a t e ri al
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t h a t  t h e  fr e ezing  p roc e ss  could  no t  b e  u s e d  to  a dva n t a g e
in t his  p a r tic ula r  c a s e ,  t h e  exp e ri m e n t  w a s  discon tinu e d.

Design  of  t h e  S u b-River  T u n n els.—The
s u b-rive r  t u n n els  consis t  of a  ci rc ula r  c a s t-iron
s h ell, of t h e  s e g m e n t al, bol t e d  typ e,  h aving  a n  ou t sid e
dia m e t e r  of 2 3  ft., line d  wi th  co nc r e t e  h aving  a  no r m al
t hickn es s  of 2  ft. fro m  t h e  ou t side  of t h e  s h ell. 
Th ro u g h  e a c h  pla t e  of t h e  s h ell t h e r e  is a  s m all hole,
clos e d  wi th  a  sc r e w  plu g,  t h ro u g h  w hich  g ro u t  m ay
b e  force d  in to  t h e  s u r ro u n ding  m a t e ri al.  E ac h
t u n n el  con t ains  a  single  t r a ck.   A conc r e t e  b e nc h,
t h e  u p p e r  s u rfac e  of w hic h  is 1  ft. b elow t h e  axis
of t h e  t u n n el, is pl ac e d  on  e a c h  side  of t h e  t r a ck,
t h e  dis t a nc e  b e t w e e n  b e n c h e s  b eing  1 1  ft. 8  in. 
The s e  b e nc h e s  con t ain  d uc t s  for  c a r rying  el ec t ric
c a ble s.   The  m ain  r e a so n  for  a do p ting  single-t r a ck
t u n n els  ins t e a d  of a  la rg e r  t u n n el  con t ainin g  t wo  t r a cks
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w a s  to  avoid  t h e  d a n g e r  of a ccid e n t s  d u e  to  t h e  obs t r u c tion
of bo t h  t r acks  by d e r ailm e n t  o r  o th e r wise.   The
t u n n els  a r e  m a d e  jus t  la rg e  e no u g h  to  allow t h e  p a s s a g e
of a  t r ain  wi th  p e rfec t  s afe ty, a s  i t w a s  b elieve d
t h a t  wi th  s uc h  a n  a r r a n g e m e n t  t ho ro u g h  ven til a tion
wo uld  b e  s ec u r e d  by t h e  m o tion  of t h e  t r ain s.  
Exp e rie nc e  s e e m s  to  jus tify t his  a s s u m p tion,  b u t ,  in
o r d e r  to  a s s u r e  t ho ro u g h  ven til a tion  u n d e r  u n u s u al
con di tions ,  s uc h  a s  t h e  s top p a g e  of t r ain s  in t h e
t u n n els,  a  co m ple t e  ven tila ting  pl a n t  will b e  p rovid e d
for  e a c h  t u n n el.  The  r a pidi ty a n d  s afe ty of cons t r uc tion
w e r e  inc r e a s e d  by m a kin g  t h e  t u n n el  a s  s m all a s  pos sible,
on e  of t h e  difficul tie s  in t h e  s hield  m e t ho d  of cons t r uc tion
b ein g  t h e  diffe r e n c e  in hyd ros t a tic  p r e s s u r e  b e t w e e n
t h e  top  a n d  bo t to m  of t h e  s hield,  w hich  inc r e a s e s
wi th  t h e  dia m e t e r  of t h e  t u n n el.

The  conc r e t e  lining  w a s  in t rod uc e d  to  ins u r e  t h e  p e r m a n e n cy
of t h e  s t r u c t u r e,  s t r e n g t h e n  it fro m  ou t w a r d  p r e s s u r e
a n d  g u a r d  it  a g ain s t  inju ry fro m  a ccid e n t s  w hich  mig h t
occ u r  in t h e  t u n n el.  The  side  conc r e t e  b e nc h e s
w e r e  s u g g e s t e d  by  Mr. Cas s a t t ,  P r e sid e n t ,  to  confine
t h e  t r ain s  to  t h e  c e n t e r  of t h e  t u n n els  in c a s e  of
d e r ailm e n t ,  a n d  to  fu rnish  side w alks  on  e a c h  side
of t h e  t r ain s  so  a s  to  obvia t e  t h e  n ec e s si ty of w alking
on  t h e  t r a ck.

Refug e  nich es  a r e  cons t r uc t e d  in t h e  side  b e nc h e s
of t h e  t u n n els.   M a n holes,  s plicing  ch a m b e r s ,
p u m p  c h a m b e r s,  a n d  o t h e r  fea t u r e s  for  t h e  h a n dling
of t h e  el ec t ric  c a ble s  a n d  d r ain a g e,  a r e  e s t a blish e d
a t  in t e rvals.

At poin t s  w h e r e  u n u s u al s t r e s s e s  w e r e  a n ticipa t e d ,
a s  for  ins t a n c e  w h e r e  t h e  t u n n els  p a s s  fro m  rock  to
soft  g ro u n d,  t h e  s h ell w a s  co m pos e d  of s t e el  ins t e a d
of c a s t-iron  pl a t e s.   In  t h e  N o r t h  Rive r  t u n n els
t h e  conc r e t e  lining  in t h e  inve r t  a n d  in  t h e  a r c h
w a s  r einfo rc e d  by longi tu din al  s t e el  b a r s ,  b u t  t h e s e
w e r e  no t  in t rod uc e d  in t h e  E a s t  Rive r  t u n n els.
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Ot h e r  d e t ails  con n e c t e d  wi th  t h e  s t r u c t u r e s ,  including
t h e  d r ain a g e,  ligh ting,  ven til a tion,  sign aling,  a n d
elec t rifica tion  sys t e m s,  will b e  give n  in s ucc e e ding
p a p e r s .

S ta bili ty  of  t h e  S u b-Riv er  T u n n els.—On e
of t h e  m o s t  im po r t a n t  q u e s tions  co n n e c t e d  wi th  t h e
d e sign  of t h e s e  t u n n els  w a s  t h ei r  p rob a ble  s t a bili ty
u n d e r  t h e  long-con tinu e d  a c tion  of a  h e avy a n d  r a pid
r ailroa d  t r affic.  The  t u n n els  a r e  ligh t e r  t h a n
t h e  m a t e ri als  w hich  t h ey dis plac e  eve n  w h e n  t h e  w eigh t
of t h e  h e avy live  load  is includ e d.   In  t h e  E as t
Rive r  t h e  c h a r a c t e r  of t h e  m a t e ri al  s e e m e d  to  jus tify
t h e  conclusion  t h a t  t h e  t u n n els  wo uld  no t  b e  dis plac e d
eve n  u n d e r  t h e  a c tion  of t h e  live load.   In  t h e
N o r t h  River, ho w ever, t h e  t u n n els  a r e  e nvelop e d  by
a  soft  sil t  a n d  it w a s  a t  fir s t  a p p r e h e n d e d  t h a t  so m e
sys t e m  of s u p po r t s  wo uld  b e  a dvis a ble  to  c a r ry t h e
h e avy t r affic a n d  ins u r e  t h e  t u n n els  a g ains t  dis plac e m e n t
u n d e r  i ts  a c tion.   To m e e t  t his  con tin g e ncy, w hich
w a s  t h e n  b elieve d  to  b e  a  ve ry s e rious  on e,  it w a s
p ro pos e d  to  sink  c a s t-iron  sc r e w-pile s  t h ro u g h  t h e
bo t to m  of e a c h  t u n n el in to  a n d  t h ro u g h  t h e  u n d e rlying
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sil t  u n til s a tisfac to ry b e a rin g  m a t e ri al w a s  r e a c h e d.  
The  pile  s u p po r t s  w e r e  work e d  ou t  in  s ufficien t  d e t ail
to  b e  e m b r a c e d  in t h e  con t r a c t  for  t h e  co ns t r u c tion
of t h e s e  t u n n els,  wi th  p rovision,  how ever, for  o mit ting
t h e m  s ho uld  it  b e  d e t e r min e d  s u b s e q u e n tly t h a t  t h ei r
u s e  w a s  u n d e si r a ble.   The  con t r a c t  pl a n s  con t ain e d
p rovisions  for  sliding  join t s  w h e r e  t h e  piles  p a s s
t h ro u g h  t h e  t u n n el  floor, so  t h a t  t h e  live  loa d  mig h t
b e  c a r ri e d  di r e c tly to  t h e  pile  h e a d s  by  a  sys t e m  of
gi r d e r s,  a n d  al so  for  a t t a c hing  t h e  piles  di r ec tly
to  t h e  t u n n el, t h e  t wo  pl a n s  b ein g  al t e r n a tives.

Inves tig a tions,  m a d e  d u rin g  t h e  p ro g r e s s  of t h e  wo rk
to  d e t e r min e  t h e  p hysical c h a r a c t e r  of t h e  sil t  a n d
its  a c tion  on  t h e  t u n n els, s u g g e s t e d  t h e  pos sibili ty
t h a t  t h e  u s e  of pile  s u p po r t s  mig h t  b e  ina dvis a ble.  
This  view w a s  confi r m e d  by a c t u al  exp e rie nc e  in t h e
op e r a tion  of t h e  t u n n els  of t h e  H u d so n  Co m p a nie s  b e t w e e n
H o bok e n,  N. J., a n d  Mo r to n  S t r e e t ,  M a n h a t t a n,  w hich
w e r e  op e n e d  to  t r affic in Fe b r u a ry, 1 9 0 8.   The
s t a bili ty of t h e s e  t u n n els  u n d e r  t r affic g av e  fu r t h e r
a s s u r a nc e  t h a t  s u p po r t s  w e r e  u n n e c e s s a ry u n d e r  t h e
N o r t h  Rive r  t u n n els  of t h e  Pen nsylva nia  Rail roa d  Co m p a ny,
a n d  t h ey w e r e  t h e r efo r e  dis p e ns e d  wit h.

Cross-Passag e s  B e t w e e n  t h e  T u n n els.—The
Ber g e n  Hill t u n n els,  t h e  land  po r tions  of t h e  N o r t h
Rive r  t u n n els  a n d  t h e  t u n n els  u n d e r  M a n h a t t a n  a r e
con n e c t e d  by c ro ss-p a s s a g e s  a t  in t e rv als  va rying  fro m
5 0  to  3 0 0  ft.  As it w a s  t h e  d e si r e  of t h e  M a n a g e m e n t
to  p rovide  eve ry  a r r a n g e m e n t  possible  to  ins u r e  t h e
s afe ty of it s  p a s s e n g e r s  a n d  e m ploye e s  a n d  al so  to
p rovide  for  t h e  conve nie nc e  of insp e c tion,  t h e  q u e s tion
of e s t a blishing  c ro ss-p a s s a g e s  b e t w e e n  t h e  t u n n els
u n d e r  t h e  rive r s  w a s  given  m os t  c a r eful consid e r a tion.  
The  conclu sion  w a s  finally r e a c h e d  t h a t  s uc h  p a s s a g e s
a s  it w a s  possible  to  con s t r u c t  b e t w e e n  t h es e  t u n n els
mig h t  inc r e a s e  ins t e a d  of di minish  t h e  d a n g e r  in c a s e
of a c cide n t .   N o  m o r e  c ross-p a s s a g e s  h ave  t h e r efo r e
b e e n  cons t r uc t e d  in t h e  s u b-rive r  s ec tions,  exc e p t
in t h e  E a s t  River, w h e r e  t h e r e  is a  c ros s-p a s s a g e  a n d
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p u m p  c h a m b e r  co m bin e d  b e t w e e n  e a c h  p ai r  of t u n n els
a bo u t  7 5 0  ft.  fro m  t h e  M a n h a t t a n  b ulkh e a d  line.

PROBABLE RESULTS OF THE IMPROVEMENTS.

In  p r e c e ding  p a g e s  r efe r e n c e  h a s  b e e n  m a d e  to  t h e
g e n e r al  objec t s  of t h e  imp rove m e n t s  includ e d  in t h e
p rojec t  of t h e  Pen n sylva nia  R ail roa d  Co m p a ny for  t h e
N e w  York Dis t ric t .   While  it  is impossible,  in
t his  in t ro d uc to ry p a p er, to  a n alyze  fully t h e  t r a n s po r t a tion
p ro ble m  a t  N e w  York, i t s e e m s  d e si r a bl e  to  indica t e
b ri efly so m e  of t h e  m o r e  obvious  effec t s  w hich  t h e
imp rove m e n t s  m ay  b e  exp ec t e d  to  p ro d uc e  u po n  t h e  dis t r ibu tion
a n d  h a n dling  of t r affic.

N e w  York City ow es  it s  posi tion  a s  t h e  b u sine s s  m e t ro polis
of t h e  cou n t ry m ainly to  i t s  m a g nifice n t  h a r bo r  a n d
t h e  ext e n sive  w a t e rf ron t s  on  it s  d e e p,  wid e  rive r s,
w hich  fu r nis h  u n rivaled  facili tie s,  a t  a  s ho r t  di s t a nc e
fro m  t h e  s e a ,  for  for eig n  a n d  do m e s tic  w a t e r-bo r n e
co m m e rc e,  it s  for eign  co m m e r c e  b eing  a bo u t  h alf t h e
to t al for  t h e  w hole  cou n t ry.  The  w a t e r-t r a n s po r t a tion
facili tie s  of t h e  po r t  a n d  it s  t r ibu t a ri es,  t h e r efo r e ,
h ave  alw ays  b e e n  g u a r d e d  wit h  jealous  c a r e ,  no t  only
by t h e  local co m m e r cial in t e r e s t s  b u t  also  by  t h e
Ge n e r al  Gove r n m e n t.
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Du ring  r e c e n t  yea r s,  ho w ever, t h e  po p ula tion  of t h e
m e t ro polit a n  dis t ric t  h a s  inc r e a s e d  so  e no r m o u sly
t h a t  N e w  York is now  t h e  g r e a t e s t  t e r min al p a s s e n g e r
a n d  freigh t  t r affic c e n t e r  in t h e  cou n t ry; a n d  in
m a n ufac t u r e s  it  r a nks  fir s t  a m o n g  Ame rica n  ci ties.  
The  n e w  co m m e r cial in t e r e s t s  t h u s  c r e a t e d  a r e  of a t
lea s t  e q u al  impo r t a nc e  wi th  t hos e  of t h e  w a t e r-bo r n e
co m m e rc e,  al t hou g h  t h ei r  exis t e nc e  a n d  d evelop m e n t
a r e  la r g ely t h e  r e s ul t  of t h e  w a t e r  facili tie s  of
t h e  po r t .

The  local p a s s e n g e r  a n d  freigh t  t r affic of t h e  Pe n n sylvania
a n d  of o t h e r  r ail roa ds  r e a c hin g  t h e  w e s t  s ho r e  of
t h e  N o r t h  Rive r  is con d u c t e d  by c a r-floa t s  a n d  fe r ry-bo a t s
w hich  d elive r  t h ei r  loads  a t  pi e r s  on  t h e  M a n h a t t a n
w a t e rf ron t  a n d  el s e w h e r e  in t h e  h a r bor.  The s e
bo a t s  obs t r u c t  a n d  e n d a n g e r  t h e  fre e  n aviga tion  of
t h e  ch a n n els  a n d  occ u py s p ac e  alon g  t h e  w a t e rf ron t
g r e a tly n e e d e d  for  t h e  a cco m m o d a tion  of t h e  long-dis t a nc e
w a t e r-bo r n e  co m m e r c e ,  e s p e cially on  t h e  N o r t h  River.

In  t h e  E a s t  Rive r  t h e  im po r t a n c e  of fe r ry-bo a t s  a s
a  m e a n s  of t r affic dis t r ibu tion  h a s  al r e a dy b e e n  g r e a tly
r e d u c e d  by t h e  cons t r u c tion  of b rid g e s  a n d  t u n n els
w hich  p rovide  for  t h e  g r e a t e r  p a r t  of t h e  p a s s e n g e r
a n d  vehicula r  t r affic.  The  N o r t h  River, how ever,
by  r e a so n  of i ts  g r e a t e r  wid t h  a n d  t h e  co m p a r a tive
slow n es s  of it s  c u r r e n t s,  is by fa r  t h e  m o r e  impor t a n t
w a t e r w ay for  t h e  u s e  of oc e a n-going  ves s els  of t h e
la rg e r  cla s s e s .   In  t his  r ive r  t h e  con di tions  for
t h e  cons t r uc tion  of b ridg es ,  wi thin  t h e  limit s  of
co m m e rcial conve nie nc e ,  s e e m  to  b e  p r a c tic ally p ro hibi to ry. 
Tun n els, for  t h e  t r a n s po r t a tion  of p a s s e n g e r s  a n d
t h e  dive r sion  of t h e  freigh t  t r affic fro m  t h e  inn e r
w a t e r s  of t h e  h a r bor, a r e  a p p a r e n tly t h e  only available
m e a n s  of r elief.

Whe n  t h e  n e w  line  is in op e r a tion,  a  ve ry la r g e  p a r t
of t h e  N e w  York p a s s e n g e r  t r affic of t h e  Pe n nsylvania
R ail roa d  will b e  c a r ri e d  to  t h e  N e w  York S t a tion  a t
S eve n t h  Avenu e  a n d  3 3 d  S t r e e t  a n d  t h e  r e s t  will go
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to  Cor tla n d t  S t r e e t  t h ro u g h  t h e  H u d son  Co m p a ny’s
t u n n els.   Thus  a  la rg e  po r tion  of t h e  Pen nsylvania
p a s s e n g e r  fe r ry t r affic, w hich  a m o u n t s  to  m o r e  t h a n
9 1,00 0  p a s s e n g e r s  d aily, will b e  p r a c tically elimin a t e d
fro m  t h e  w a t e r-t r a n s po r t a tion  p ro ble m.   In  a d di tion,
a  la rg e  p a r t  of t h e  Long  Islan d  R ail roa d’s p a s s e n g e r s
will u s e  t h e  s t a tion  a t  S eve n t h  Avenu e  a n d  3 3 d  S t r e e t ,
a n d  it s  fe r ry t r affic will b e  r e d u c e d  a cco r dingly.

The  n e w  a r r a n g e m e n t s  for  t h e  t r a n sfe r  of fr eigh t  fro m
Gre e nville  to  Bay Ridg e  will r eli eve  t h e  inn e r  w a t e r s
of t h e  h a r bo r  of a  la rg e  volu m e  of obs t r u c tive  c a r-floa t
t r affic.  The r e  a p p e a r s  to  b e  no  r e a son  w hy t hi s
t r affic s hould  no t  b e  eve n t u ally con d uc t e d  t h ro u g h
t u n n els  u n d e r  t h e  ou t e r  h a r bor, s hould  fu t u r e  t r a n s po r t a tion
con di tions  jus tify t h e  e no r m o u s  cos t  of s uc h  s t r uc t u r e s .
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It  is to  b e  r e m a rk e d  t h a t  w hile  t h e s e  n e w  a r r a n g e m e n t s
g r e a tly r e d uc e  t h e  p a s s e n g e r  a n d  freigh t  w a t e r  t r a n s po r t a tion,
t h ey  h ave  no  effec t  on  t h e  la rg e  vehicula r  t r affic
a c ross  t h e  No r t h  Rive r  w hich  m u s t  con tinu e  to  b e  con d uc t e d
by fe r rie s  u n til it  c a n  b e  o th e r wis e  p rovide d  for. 
As long  a s  t h e s e  con di tions  exis t ,  fe r ry-bo a t s  m u s t
b e  u s e d  in la r g e  n u m b e r s  a n d  con tinu e  to  obs t r u c t
t h e  N o r t h  River.  This  difficul ty p ro b a bly c a n no t
b e  ove rco m e  by t h e  cons t r uc tion  of b rid g e s ,  a s  in t h e
c a s e  of t h e  E a s t  River, b u t  i t do e s  no t  s e e m  too  m u c h
to  exp ec t  t h a t ,  eve n t u ally, t u n n els  to  p rovide  for
t h e  vehicula r  t r affic, like  t h e  Blackw all t u n n el  u n d e r
t h e  Tha m e s,  will b e  e s t a blish e d  u n d e r  t h e  N o r t h  River.

I t  would  b e  in t e r e s ting  to  e s ti m a t e  t h e  inc r e a s e  in
r ailroa d  t r affic c a p a ci ty r e s ul ting  fro m  t h e s e  im p rove m e n t s,
b u t  t h e  d a t a  r e q ui r e d  for  t his  p u r pos e  a r e  no t  available.  
So m e  ide a  of t h e  inc r e a s e  in p a s s e n g e r  t r affic c a p a ci ty
r e s ul ting  fro m  t h e  e s t a blish m e n t  of t h e  t u n n el  line
m ay b e  ob t ain e d  by co m p a rin g  t h e  p ro pos e d  d aily t r ain-m ove m e n t s
for  t h e  n e w  s t a tion  wi th  t h e  t r ain-m ove m e n t s  a t  o t h e r
impor t a n t  r ail roa d  s t a tions.   The  d aily t r ain-m ove m e n t s
of six s uc h  s t a tions  a r e  given  in t h e  following  t a bl e: 

Total
t r ains      Move m e n t
in a n d  ou t
        a t
for  2 4  ho u r s .
  m axi m u m  ho ur.

Je r s ey City                               2 8 1     
         2 9
Bro a d  S t r e e t  S t a tion,  P hila d elphia         5 3 8     
         4 8
U nion  S t a tion,  S t .  Louis                   4 6 2     
         8 9
Sou t h  Ter min al S t a tion,  Bos ton             8 6 1     
         8 7
Gr a n d  Ce n t r al  S t a tion,  N e w  York           3 5 7     
         4 4
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Pen nsylvania  S t a tion,  N e w  York[B]         5 0 0     
         5 0

FOOTNOTES: 

    [Foot no t e  B:  P ro pos e d
t r ain  s e rvice  w h e n  S t a tion  is op e n e d,  t h e
    ul tim a t e  c a p a ci ty of t h e  S t a tion
b ein g  in exc e s s  of 1 ,00 0  t r ains  p e r
    d ay.]

The  fr eigh t  c a p aci ty of t h e  Pen n sylva nia  Sys t e m  a t
N e w  York h a s  b e e n  g r e a t ly e nl a r g e d  by t h e  cons t r uc tion
of t h e  Gr e e nville  Yard  a n d  t h e  facili tie s  con n e c t e d
t h e r e with,  b u t  it is impos sible  to  e s ti m a t e  t h e  a m o u n t
of t his  inc r e a s e.   H ow ever, it is wo r t hy of r e m a rk
t h a t ,  d u ring  t h e  p e riod  fro m  1 9 0 0  to  1 9 0 6,  t h e  freig h t
t r affic d e n si ty on  t h e  di r ec tly-op e r a t e d  line s  of
t h e  Pe n n sylvania  R ail ro a d  Co m p a ny inc r e a s e d  fro m  3,2 68,3 3 0
to  4,7 42,0 8 1  ton-miles  p e r  mile  of r o a d,  a  g row t h  of
n e a rly 5 0  p e r  c e n t .   Doub tle s s  t h e  imp rove d  freig h t
facili tie s  of t h e  N e w  York Dis t ric t  h a d  a  la rg e  influe nc e
in t h e  d evelop m e n t  of t his  inc r e a s e .

On e  of t h e  m o s t  in t e r e s tin g  poin t s  con n e c t e d  wit h
t his  d evelop m e n t  of t r affic facili tie s  is i ts  influe nc e
on  t h e  r el a tive  dis t rib u tion  of po p ula tion  in t h e
diffe r e n t  p a r t s  of t h e  m e t ro poli t a n  di s t ric t .  
In  1 9 0 7  t h e  pop ula tion  p e r  a c r e  of t h e  diffe r e n t  divisions
of Gr e a t e r  N e w  York w a s  r e po r t e d  a s  follows: 
M a n h a t t a n,  1 5 7;  Brooklyn, 2 9;  Bronx, 1 4;  Qu e e n s,  3;
Rich mo n d,  2 .   The  effec t  of n e w  lines  con n ec tin g
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so m e  of t h e s e  dis t ric t s ,  a n d  s ec tions  of N e w  Jer s ey
no t  fa r  fro m  t h e  N o r t h  River, wi th  t h e  b u sin e s s  c e n t e r
of t h e  ci ty will u n do u b t e dly b e  to  inc r e a s e  g r e a tly
t h ei r  po p ula tion-d e n si ty.  I t  do e s  no t  s e e m  p ro b a ble
t h a t  t h e  pop ula tion-d e n si ty of M a n h a t t a n  will b e  s e n sibly
r e d u c e d  by t h e s e  imp rove m e n t s,  for  t h ey s ti m ula t e
t h e  inc r e a s e  of pop ula tion,  a n d  a p p a r e n tly no  inc r e a s e
of t r a n s po r t a tion  facilitie s  c a n  ke e p  u p  wi th  t h e
g row t h  of t h e  ci ty.  The  pop ula tion  of a  g r e a t
co m m e rcial ci ty m u s t  b e  con g e s t e d  n e a r  t h e  b u sine s s
c e n t er.  This  is a  n e c e s s a ry con di tion  of its
exis t e nc e.   All t h a t  c a n  b e  do n e  to  m e e t  t his  co n di tion
is to  p rovide  all possible  facili ti es  for  m oving  t h e
p eo ple  in to  a n d  ou t  of t h e  b u sine s s  dis t r ic t s  a n d
wi thin  it s  limit s.

Du ring  r e c e n t  yea r s  t h e  b u sin e ss  po p ula tion  of t h e
low e r  p a r t  of t h e  Borou g h  of M a n h a t t a n  h a s  b e co m e
g r e a tly con g e s t e d .   Very high  b uildings ,  p roviding
b u sin es s  a cco m m o d a tions  for  la r g e  n u m b e r s  of p eo ple,
h ave  b e e n  co ns t r u c t e d,  a n d  t h e s e  p eo ple  m u s t  m ove
to  a n d  fro m  t h ei r  wo rking  pl ac e s  a t  a bo u t  t h e  s a m e
ti m es,  t h a t  is, a t  t h e  “ru s h  ho u r s” in
t h e  m o r ning  a n d  af t e r noon,  a t  t h e  b e gin ning  a n d  e n ding
of t h e  wo rking  d ay.  Eve ry effo r t  h a s  b e e n  m a d e
to  p rovide  for  t his  im m e n s e  a n d  r a pidly inc r e a sin g
loc al p a s s e n g e r  t r affic, by t h e  cons t r uc tion  of s u rf ac e,
el eva t e d ,  a n d  s u b t e r r a n e a n  r ailw ays; b u t  t h e  d e m a n d
for  t r a n s po r t a tion  h a s  inc r e a s e d  m u c h  fas t e r  t h a n
t h e  facili tie s  c a n  b e  p rovide d,  a n d  it is evide n t  t h a t
t h e  limi t  of dow n-tow n  p a s s e n g e r  t r affic facili ti es
h a s  b e e n  ve ry n e a rly r e a c h e d.

Appa r e n tly, t h e  only r e m e dy for  t h e s e  con ditions  is
t h e  m ove m e n t  of b u sin e s s  a n d  t h e  p eo ple  t r a n s ac tin g
it  u p-tow n  o r  to  t h e  Borou g h s  of Brooklyn a n d  Qu e e n s,
w hich  a r e  now  r e a dily a c c es sible  by  t u n n els  a n d  s u b w ays.  
This  m ove m e n t,  of cou r s e ,  is r e sis t e d  by  t h e  g r e a t
r e al  e s t a t e  a n d  m o n ey in t e r e s t s  ce n t e r e d  in t h e  low e r
p a r t  of t h e  ci ty, b u t ,  no t wi th s t a n ding  t his  r e sis t a nc e ,
t h e  imp rove m e n t  h a s  co m m e nc e d  a n d  h a s  r a pidly a dva nc e d.  
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The  g r e a t  r e t ail ho us e s  a r e  b ein g  e s t a blish e d  a bove
2 3 d  S t r e e t ;  t h e  b a nks  a n d  b rok e r s’ offices  a r e
r a pidly a p p e a rin g  a ro u n d  t h e  n e w  b u sin e ss  ce n t e r  of
t h e  ci ty.  The  facili ti es  affor d e d  by t h e  t el ep ho n e
a n d  t h e  s u b w ay for  co m m u nic a tion  wi th  t h e  m o n ey c e n t e r
h ave  dou b tle s s  g r e a tly p ro mot e d  t his  u p-tow n  m ove m e n t .

Whe n  t h e  Pe n n sylva nia  Tun n el  Exte n sion  is in op e r a tion,
t h e  e a si e s t  a n d  q uickes t  w ay for  t h e  p a s s e n g e r  to
r e a c h  t h e  ci ty fro m  N e w a rk  will b rin g  hi m  in to  t h e
Pen nsylvania  S t a tion  a t  S eve n t h  Aven u e  a n d  3 3 d  S t r e e t .  
The  sc h e d ule  fas t  t im e  fro m  N e w a rk  to  t h e  N e w  York
Cor tla n d t  S t r e e t  S t a tion  is now  2 5  mi n.   This
m ay b e  r e d uc e d  to  a bo u t  1 8  min.  by t h e  u s e  of t h e
H u d so n  Co m p a ny’s t u n n els,  a n d  w hile  t his  involves
inconve nie nc e  in ch a n ging  t r a n s po r t a tion  a t  Je r s ey
City, ye t  it  b rin gs  t h e  t r avele r  t h r e e  blocks  n e a r e r
Bro a d w ay.  The  ti m e  fro m  N e w a rk  to  t h e  Pen n sylva nia
S t a tion  will b e  a bo u t  1 7  min., a n d  t h e  t rip  will b e
m a d e  wi thou t  c h a n g e  of t r a n s po r t a tion,  so  t h a t ,  u n do u b t e dly,
by  fa r  t h e  g r e a t e r  p a r t  of t h e  Pe n nsylvania’s
p a s s e n g e r  t r affic d e si ring  to  r e ac h  t h e  s ho p pin g  a n d
ho t el ce n t e r  of t h e  ci ty will go  to  t h e  n e w  u p-tow n
s t a tion.
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The  effec t  of t h e  Tun n el  Exte n sion  in inc r e a sin g  t h e
volu m e  a n d  r a pidi ty of t h e  u p-tow n  m ove m e n t  a n d  t h e
r e al  e s t a t e  valu es  will b e  ve ry g r e a t ;  ind e e d,  it s
influe nc e  is al r e a dy a p p a r e n t ,  a l t ho u g h  t h e  line  is
no t  ye t  op e n e d  for  t r affic.  With  t h e  ex t e n sion
of t h e  p r e s e n t  s u b w ay dow n  tow n  on  t h e  w e s t  side  wi t h
di r e c t  con n ec tions  to  Brooklyn, a n d  u p  tow n  fro m  4 2 d
S t r e e t  to  t h e  Bronx, wi th  con n e c tions  to  p e r mi t  conve nien t
t r a n sfe r s  b e t w e e n  t h e s e  t wo  s t r aig h t a w ay s u b w ays—on e
on  t h e  e a s t  side  a n d  t h e  o t h e r  on  t h e  w e s t  sid e  of
M a n h a t t a n—t h e  Pe n n sylvania  S t a tion  will
b eco m e  a  g r e a t  c e n t e r  for  r e c eiving  a n d  dis t ribu ting
p a s s e n g e r  t r affic b e t w e e n  all t h e  Borou g h s  of t h e
City a n d  ou tlying  poin t s .   The  n e w  pos t  office
to  b e  e s t a blish e d  a djac e n t  to  t h e  Ter min al  S t a tion
will a l so  g r e a tly a s sis t  in a cc el e r a ting  t h e  u p-tow n
m ove m e n t .

In  concluding  t his  a ccou n t  of t h e  N e w  York Tun n el
Ext e nsion  p rojec t,  t h e  w ri t e r  d e si r e s  to  p ay a  t ri bu t e
of a d mi r a tion  a n d  r e s p e c t  to  t h e  m e m o ry of t h e  la t e
A. J. Ca ss a t t ,  P r e sid e n t  of t h e  Pe n nsylvania  Rail ro a d
Co m p a ny, to  w ho m  t h e  conc e p tion,  d e sig n,  a n d  exec u tion
of t h e  p rojec t  a r e  m ainly d u e.   His  e d u c a tion
a n d  exp e ri e nc e  a s  a  civil e n gin e er, his  t ho ro u g h  knowle d g e
of all t h e  d e t ails  of r ail roa d  co ns t r u c tion,  op e r a tion,
a n d  m a n a g e m e n t,  g ain e d  by long  a n d  va rie d  s e rvice,
t h e  di r ec t n e s s ,  cle a r n e s s ,  a n d  s t r e n g t h  of his  min d,
a n d  hi s  g r e a t  exec u tive  a bili ty, pl ac e d  hi m  a t  t h e
h e a d  of t h e  r ail ro a d  m e n  of t h e  cou n t ry.  In  t h e
con sid e r a tion  of g r e a t  p roble m s,  w h e t h e r  of t r a n s po r t a tion,
fina nc e ,  co m m e r c e ,  o r  poli tic al e co no my, h e  w a s  al mos t
u n e q u ale d,  owing  to  t h e  b r e a d t h ,  o rigin ali ty, a n d
d ecisive n e s s  of his  c h a r a c t e r ;  ye t  his  m a n n e r  to  hi s
s u bo r din a t e s  w a s  so  di r ec t  a n d  sim ple  t h a t  h e  s e e m e d
u n con scious  of his  ow n  s u p e rio ri ty.  Gre a t  a s
it  is, t h e  N e w  York pl a n  of imp rove m e n t  is only on e
ite m  in a  fa r-r e a c hin g  s ch e m e  of d evelop m e n t  w hich
b ec a m e  t h e  policy of t h e  Pen n sylva nia  Rail ro a d  Co m p a ny
t h ro u g h  Mr. C ass a t t’s  a dvice  a n d  influe nc e,
ye t  his  s t ro n g e s t  in t e r e s t  w a s  do u b tle s s  c e n t e r e d

49



in  t h e  N e w  York works.   I t  is t h e  sinc e r e  r e g r e t
of all con n e c t e d  wit h  t h e  d e sig n  a n d  exec u tion  of
t h e  p rojec t  t h a t  h e  did  no t  live  to  s e e  i t s  co m ple tion.

FOOTNOTES: 

    [Foot no t e  A:  Brig a die r-Ge n e r al,
U. S. Army, R e tire d ; Ch ai r m a n,
    Boa r d  of E n gin e e r s ,  Pe n n sylva nia
Tun n el a n d  Ter min al  R. R. Co.]      
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