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The South Bergen Tunnel is technologically significant for its 
innovative concrete technology and is historically significant because 
it reflected the dramatic increase in railroad freight operations on the 
D.L.&W. Railroad by the opening of the twentieth century. 

This documentation was initially undertaken, after consultation with 
the NJ SHPO in 1991, as a mitigative measure in anticipation of 
alteration or demolition of the South and North Bergen Tunnels. 
Documentation on the tunnels was begun in April 1991 by Frances 
Alexander, Chief, Architectural History; Christopher Martin, Senior 
Architectural Historian; and Jesse Daugherty of Engineering-Science, 
Inc., Washington, D.C .. Additional research and documentation on 
the ventilator shafts and open cuts was undertaken in late 1994 by 
Stacy E. Spies for NJ Transit. The Federal Transit Administration, 
NJ SHPO, and NJ Transit entered into a Memorandum of Agreement 
in late 1999 mandating HAER documentation of the two tunnels. In 
April and May, 2001, Marvin A. Brown, Senior Architectural 
Historian, URS Corporation (3109 Poplarwood Court, Raleigh, NC 
27604) completed the documentation ofthe tunnels, incorporating the 
research and writing of the previous recorders. An accompanying 
HAER documentation of the North Bergen Tunnel (HAER No. NJ-
136) was prepared under the same requirements by the same 
individuals. 
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The South Bergen Tunnel, which passes through Bergen Hill in Jersey City, Hudson County, New 
Jersey, is located at milepost number 1.46 on the Morristown Line ofNew Jersey Transit. An earlier 
D.L. & W Tunnel, completed in 1877-the North Bergen Tunnel-runs parallel to it 23 feet to the 
north. The second tunnel also carries tracks for the Morristown line. The Hoboken terminal lies 
about one mile east of the tunnels and the Hackensack River is about one mile to the west. 
Immediately to the west of the tunnels, the tracks join the former Delaware, Lackawanna & Western 
Railroad (D .L.& W. ), Boonton Line, at the West End Junction. The former Boonton Line is now the 
New Jersey Transit Main Line. 

Neither the South nor North Bergen Tunnel should be confused with the Long Dock Tunnel 
completed through Bergen Hill by the New York and Erie Railroad in 1861. This skewed tunnel is 
located approximately 2,700 feet south of the South Bergen Tunnel on the east side of Bergen Hill 
and about 50 feet south of the South Bergen Tunnel at the west side of Bergen Hill. 

The New Jersey Transit Morristown Line begins at the Hoboken Terminal on the Hudson River 
opposite Manhattan. It first follows a westerly course, crossing the Hackensack and Passaic Rivers 
to Newark. From there its circuitous route leads through the Oranges and southwest to Summit. It 
then runs northwest, through Chatham and Madison, to Morristown and north to Denville and Dover. 

PHYSICAL DESCRIPTION 

The South Bergen Tunnel was constructed through a portion of the Hudson Palisades Formation 
known locally as Bergen Hill. The hill is composed of tough trap rock covered by a comparatively 
thin layer of gravel and clay. The South Bergen Tunnel is parallel to the North Bergen Tunnel, 
which was constructed by the D.L.&W. in 1873-1877, but separated from it by 23 feet of trap rock. 
The South Bergen Tunnel is approximately 4,293' long, 30' wide, and 23' high, somewhat bigger in 
all dimensions than its companion to the north. Bergen Hill rises as much as about 95 feet above the 
invert of the tunnel. The tunnel opening is 30 feet wide with a semicircular arch 15 feet in radius 
and a springing line about 8 feet above the top rail. 

The side walls and arch of the two-track tunnel are lined throughout with a 2-foot thickness of 
concrete. Brackets suspended from the center of the arch support a catenary system of wires that was 
installed about 1930. The majority of trains that pass through the tunnel are electric and utilize the 
catenary system for their power. Also attached to the walls are cables and signal fixtures. Like the 
walls and arch, the roadbed is formed. Innovative in its time, it consists of the two sets of tracks set 
on a raised concrete bed and held in place by wooden tie blocks recessed in the concrete bed. The 
rails were attached by clips and screw spikes. Channels were formed between the two raised track 
beds and between the beds and the tunnel side walls to aid drainage. Stone ballast covers the 
concrete floor. 
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Concrete was also used on the faces of the east and west portals. These portals are designed with 
smooth scored voussoirs and a scored keystone. Piers that are set out 2 feet from the tunnel face are 
located at both the east and west portals. "D L & W 1908" is incised on the face of the pier located 
between the tunnels. The pier located between the south tunnel and the rock face of the hill is 
unadorned. The piers stand 35 feet high from the base of the rails, the top 3' in a concave curve. The 
bases of the piers are similarly curved. The piers are 15 feet wide at the base and taper to 13'- 6" at 
the top. 

Ventilation Shafts and Open Cuts 

Bergen Hill rises about 95 feet above the tunnel, depending upon the elevation of the hill at any 
given point. In addition to the east and west portals, the tunnel is ventilated and the hill is pierced 
by three vertical ventilation shafts and two open cuts. Traveling from east to west, the tunnel is 
ventilated by South Bergen Tunnel Shaft No. 1, Open Cut No. 1, South Bergen Tunnel Shaft No. 2, 
Open Cut No. 2, and South Bergen Tunnel Shaft No. 3. The three shafts are placed above the 
centerline of the tunnel, running perpendicular to it. The two larger open cuts extend over both the 
North and South Bergen Tunnels. All of the ventilation shafts are ringed by tall, walled, roofless 
structures. All were sealed at their bases-at the tunnel roof-in the 1950s and further sealed around 
1986. The open cuts, which have remained open, are also protected by walls. 

South Bergen Tunnel Shaft No. 1 

South Bergen Tunnel Shaft No. 1 is located on the square block bounded by Palisade Avenue, 
Baldwin Avenue, Waverly Street, and Prospect Street. North Bergen Tunnel Shaft No. 1 is located 
approximately 50 feet to its northeast. The block is largely filled by two- and three-story single
family residences and rowhouses. The shaft is set skewed to the streets, on the north side of Waverly 
Street. ApproximatelylO' x 30' and 92 feet deep, the shaft is lined with reinforced concrete. A 
roofless structure, about 20' x 43' with 25-foot-high walls, protects it. The structure's walls are 
reinforced concrete with large varied pieces of aggregate. They are not adorned with arched blind 
windows or decorative corbels, like those of the earlier North Bergen Tunnel (HAER No. NJ-136). 
Rather, they are marked only by their wooden form marks; an integral, squared, projecting cornice, 
and a west-wall door sealed with concrete blocks. A walkway rimming the inside of the structure 
is edged by concrete railing. 

Open Cut No. 1 

Open Cut No. 1 is located on a largely residential block bounded by Oakland Avenue, Jefferson 
A venue, Central A venue, and Waverly Street. It stands on a skew on the north side of Jefferson 
Street, with a residence to its east and North Tunnel Shaft No. 3 approximately 20 feet to its west. 
The cut is an 80' x 100' rectangle within which the paired tracks of the North and South Bergen 
Tunnels are open to the air. An open cut was originally in place at this location over the North 
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Tunnel. Whether this cut was brick-lined or raw rock has not been determined. When the adjacent 
South Bergen Tunnel was constructed between 1908 and 1911, the cut was expanded to serve both 
tunnels and lined with concrete reinforced with rails. The walled structure surrounding the open cut, 
built of reinforced concrete between 1908 and 1911, is 100' x 114' and 17 feet high. It turns an 
unbroken expanse of concrete toward the street, but for integral coping at its cornice and a metal 
door set behind a wire-mesh cage in the west elevation. The structure's only adornment is the 
parallel lines left by the wooden molds into which the walls were poured. A narrow concrete 
walkway edged by a pipe-rail fence rims the cut's interior. Located in the pipe rails opposite the 
door is a gate. A ladder constructed of rungs set into the concrete beneath the gate leads down to the 
floor of the cut at the base of the rails. Along Jefferson Street is a severe fence, contemporary with 
the cut, constructed of units of cast iron pickets affixed to concrete posts. 

South Bergen Tunnel Shaft No. 2 

South Bergen Tunnel Shaft No. 2 is located, on a skew, on the eastern third of a long square block 
bounded by Jefferson Street, Central Avenue, Laidlaw Avenue, and Summit Avenue. Stretching 
along the north side of Jefferson Street is the tall, rusticated, nineteenth-century stone wall of a 
former reservoir. On the south side of Laidlaw Avenue are one- and two-story residences-some of 
which may date to the mid nineteenth century-apartment blocks, and mid/late twentieth-century 
automobile repair shops. The block has been dramatically altered since 1997. Jefferson Street has 
been curbed and paved between Summit and Central, while industrial and other buildings that 
occupied the block have been demolished, leaving only Shaft No. 2 and North Bergen Tunnel Shaft 
No. 4 to its northwest. On the eastern third of the block, partially framing Shaft No. 2, modem 
multi-family houses rise. On the western two-thirds of the block North Bergen Tunnel Shaft No. 4 
squats amidst a sea of concrete edged on all sides by a chain-link fence. The reinforced-concrete
lined shaft is approximately 1 O' x 30' and 77 feet deep. The roofless structure that protects it is about 
20' x 43' with 25-foot-high walls. The walls are reinforced concrete that have been recently painted 
a neutral grayish-white, largely hiding their exposed aggregate. They are not adorned with arched 
blind windows or decorative corbels and they have no doorway visible from the outside. Rather, 
they are marked only be their wooden form marks and an integral, squared, projecting cornice. A 
walkway rims the inside of the structure. 

Open Cut No. 2 

Open Cut No. 2 stands on a residential and institutional block bounded by Summit Avenue, Beacon 
Street, Collard Street, and Laidlaw Avenue. It is located on a skew in the eastern half of the block, 
with its northwest comer abutting Laidlaw A venue and its southeast comer angled toward Summit 
Avenue. The cut is an 80' x 100' rectangle within which the pairs of tracks of both the South and 
North Bergen Tunnels run, open to the elements. An open cut was originally in place at this location 
over the North Tunnel. Whether this cut was brick-lined or raw rock has not been determined. 
When the adjacent South Bergen Tunnel was constructed between 1908 and 1911, the cut was 
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expanded to serve both tunnels and lined with concrete reinforced with rails. The walled structure 
surrounding the open cut, constructed of reinforced concrete between 1908 and 1911, is 100' x 114' 
and 17 feet high. The walls are unbroken expanses of concrete, but for integral projecting squared 
coping at their tops and a metal door set behind a wire-mesh cage in the west elevation. Their only 
adornment is the parallel lines left by the wooden molds into which they were poured. A narrow 
concrete walkway edged by a pipe-rail fence runs along the cut's interior. A gate is located in the 
pipe rails opposite the door. A ladder constructed of rungs set into the concrete beneath the gate 
leads down to the floor of the cut at the base of the rails. The two open cuts are essentially identical, 
although this one lacks any sign of an original fence. Rather, its lot is framed by a chain-link fence. 

South Bergen Tunnel Shaft No. 3 

South Bergen Tunnel Shaft No. 3 is the westernmost of the shafts. It is located, slightly skewed to 
the street pattern, on the north side of Beacon Avenue within an asphalt-paved parking lot that 
extends to Collard Street. Within the lot, approximately 35 feet to its northeast, is North Bergen 
Tunnel Shaft No. 5. To its west is another parking lot and, at the junction of Beacon and J.F. 
Kennedy Boulevard, a gas station. The buildings around the two shafts also include single family 
residences to the north of North Bergen Tunnel Shaft No. 5, the modem Jersey City Water 
Department building on the east side of Collard Street and, on the south side of Beacon A venue, 
multi-family houses, a four-story apartment building, and a gas station. The reinforced-concrete
lined shaft is approximately 1 O' x 30' and 70 feet deep. The roofless structure that protects it is about 
20' x 43' with 25-foot-high walls. The walls are reinforced concrete with large varied pieces of 
aggregate. They are not adorned with arched blind windows or decorative corbels, like those of the 
earlier North Bergen Tunnel. Rather, they are marked only be their wooden form marks; an integral, 
squared, projecting cornice, and an east-wall door sealed with concrete blocks. Holes from the 
concrete forms, filled with splintered wooden rods, are clearly visible in rows climbing the structure. 
A walkway rims the inside of the structure. 

HISTORICAL INFORMATION 

Tunnel Technology 

The two basic methods of above-sea-level tunnel construction used at the opening of the twentieth 
century were the cut-and-cover method and the rock-driven method. The cut-and-cover method 
consisted of cutting into the hill from the top, building the tunnel, and filling in the cut. This method 
was frequently used when the hill to be tunneled through was not very large and the cut therefore 
would not need to go too deep. The rock-driven method consisted of boring a combination of 
vertical and horizontal shafts into the hill, widening the arch, and completing the horizontal bore of 
the tunnel. The rock-driven method was used in both the South and North Bergen Tunnels because 
of the size of Bergen Hill. 
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Tunnel construction also utilized combinations of the two basic methods. Tunnel portal sections 
were often completed with the cut-and-cover method, while the main bore was dug using the 
rock-driven method. The methods of removing rock during tunnel construction included hand 
drilling, often used in combination with steam-powered machinery, and blasting with explosives. 
Although drilling with explosives was quicker, this method created a much greater safety hazard, 
often triggering unexpected collapses in tunnel walls and support structures. 

The four basic systems of tunnel driving used at the turn of the century were the English, Belgian, 
German, and Austrian methods, varying according to the order in which different areas of the tunnel 
bore were bored. Both Bergen tunnels seem to have been drilled according to the basic techniques 
characteristic of the English system and its related versions. This system was the most common one 
used in America during the late nineteenth and early twentieth centuries. In the English system the 
top heading was driven first, then widened laterally to the full section of the arch. Bench rock was 
removed next and the side walls were excavated last. The withdrawal of wooden roof framing 
supports occurred as the tunnel progressed. 1 

The main advantage of the English system and its related versions was its large open space, which 
facilitated drainage, ventilation, and the efficient removal of debris in cars in the bottom heading. 
Like the English system, the Belgian and German systems also began by drilling shafts and 
expanding the arch first, but these methods differed in the order of removing bench rock and building 
side walls. The Austrian system began by boring the horizontal central core first and then enlarging 
the top and arch. This latter system had the disadvantage of filling most of the free space with a 
timber support network. 

In the last quarter of the nineteenth century, the rediscovered material of concrete began to be used 
for arched tunnel linings. The first time concrete was used for lining a tunnel was in 187 4-only three 
years before completion of the North Bergen Tunnel-when the New York and Erie Railroad lined 
its Long Dock Tunnel, which had been completed in 1861 also through Bergen Hill.2 

Construction of the Tunnel 

The South Bergen Tunnel is technologically important because ofits innovative concrete technology 
and is historically important because it reflected the dramatic increase in railroad freight operations 

1 

2 

David McNeely Stauffer, Modern Tunnel Practice (New York: Engineering News 
Publishing Co., 1906), 65-76. 

Carl W. Condit, American Building: Materials and Techniques from the Beginning of the 
Colonial Settlements to the Present, 2nd ed. (Chicago: University of Chicago Press, 
1982), 159-160. 
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on the Delaware, Lackawanna & Western Railroad (D.L.&W.) at the opening of the twentieth 
century. It was constructed from 1908 to 1911 by the Engineering Department of the D.L.&W. in 
response to increased coal traffic, for which the two tracks in the North Bergen Tunnel were no 
longer sufficient. 

Interest in the permanency of the concrete roadbed of the South Bergen Tunnel was stimulated in 
part by the high cost of maintaining the old North Bergen Tunnel. According to B.H. Davis, 
engineer in charge of concrete construction at the time design and construction of the South Bergen 
Tunnel was begun, 

... fourteen men are employed every night in the year inspecting the 
[North] tunnel and repairing the track, which is very difficult to 
maintain on account of the extremely heavy traffic. Three workmen 
have lost their lives at this work within the last few years. In the new 
tunnel, expensive and dangerous maintenance work, costing 
approximately $6,000 annually will be almost entirely eliminated.3 

The innovative use of concrete for the roadbed in the new tunnel was publicized in specialized 
concrete journals and was seen at the time as an experiment that would greatly influence future 
roadbed construction.4 It was thought that if the concrete roadbed performed well when built over 
a solid rock foundation, it could be applied to cuts and could be built on well-settled fill earth. 
Engineers of the period also looked at early uses of concrete roadbeds in elevated structures and 
subways, which would provide data on the potential of this new technique. 

The new concrete roadbed technique used in the South Bergen Tunnel was invented by Lincoln 
Bush, chief engineer of the D.L.&W. when the design and construction of the tunnel began. Before 
working with the D.L.&W., Bush worked as assistant engineer for the Union Pacific Railroad and 
Pacific Short Line in 1888, chief draftsman for the Pittsburgh Bridge Company from 1892 to 1896, 
and assistant bridge engineer for the Chicago & North Western Railroad from 1896 to 1899. With 
the D .L.& W. Bush served as chief engineer in 1899, principal assistant engineer from 1900 to 1903, 
and chief engineer from 1903 to 1908, when he directed the majority of the extensive modernization 
program undertaken by the D.L.&W.5 

3 

4 

5 

B. H. Davis, "The Advantages of Reinforced Concrete for Railway Construction," 
American Concrete Institute Proceedings 5 (1909): 289. 

Davis, "Advantages," 289. 

Dictionary of American Biography, Volume XI, ed. Harris E. Starr (New York: Charles 
Scribner's Sons, 1958) 77-78. Lincoln Bush. 
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Bush was an important innovator both during his employment by the D.L.&W. and after his 
resignation in 1908 when he went into private consulting work. The best known of the designs 
associated with his name was the Bush train shed, which replaced the high balloon shed of the 
nineteenth century and was introduced in the construction of the new D.L.&W. Hoboken Terminal, 
completed in 1907. Bush specialized in bridge engineering and probably played a major role in the 
planning and execution of the early grade separation projects in Newark, Harrison, and Summit, New 
Jersey. George J. Ray succeeded Bush as chief engineer in 1908 and continued in that position until 
1934. UnderBushandRaytheD.L.&W. employedanassistantengineerwithspecificresponsibility 
for concrete construction. B. H. Davis, who had designed the reinforced concrete structures for the 
Jersey Cut-Off, was succeeded in this position about 1910 by Abraham Burton Cohen, who was 
probably responsible for the design of most of the concrete bridges built between that date and about 
1920, including the Tunkhannock Viaduct and the other structures of the Nicholson Cut-Off in 
Pennsylvania. 

Delaware, Lackawanna & Western Railroad, Morris & Essex Division 

Both Bergen tunnels were important components in the development and expansion of the D.L.& W. 
Railroad and its Morris & Essex Division (M.&E.) into a regional system. The North Bergen Tunnel 
was an important component in the early years of the D .L.& W. Railroad, because it gave the railroad 
its own direct route through Bergen Hill, a major geographical obstacle for all railroads attempting 
to reach terminals in Jersey City and Hoboken along the Hudson River opposite New York City. 
Prior to the construction of the North Bergen Tunnel, the D.L.& W. was forced to lease access to the 
New York and Erie Railroad Long Dock Tunnel through Bergen Hill. The new South Bergen 
Tunnel was critical to the D.L.&W.'s major modification campaign beginning at the onset of the 
twentieth century and the continued efforts of the railroad to capture Great Lakes freight traffic and 
western markets in the early twentieth century. 

The D.L.&W. was established in 1853 as the result of the merger of two small railroads in the area 
around Scranton, Pennsylvania. Its purpose was to transport anthracite coal from the rich 
Lackawanna and Wyoming fields of northeastern Pennsylvania. The D.L.&W. later acquired other 
railroads, with other functions, but the needs of coal freighting, by far the most profitable of its 
activities, was always dominant. The owners of the D.L.&W. sought access to the inexpensive 
water-borne shipping necessary to make their coal, a heavy bulky commodity, competitive in 
national and international trade. Under its long term president, Samuel Sloan, the D.L.& W. looked 
both to the west and the Great Lakes and to the east and New York for extended markets. Through 
long-term leases and purchases of smaller railroads, the D.L.&W. was able to extend its line from 
Buffalo on Lake Erie to Hoboken on the Hudson by 1882.6 

6 Thomas Townsend Taber, The Delaware, Lackawanna and Western Railroad in the 
Nineteenth Century (Muncy, Pennsylvania; by the author, 1977), 111. 
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The most direct line from northeastern Pennsylvania to New York City and deep-water shipping 
facilities was through New Jersey. The first attempt to obtain facilities in the state was the creation 
of the Warren Railroad in 1851. This paper line was created to gain a charter in New Jersey, but was 
entirely controlled by the Pennsylvania line. In 1856 the Warren Railroad entered into a contract 
with the Central Railroad of New Jersey (C.N.J.) to carry coal from the Delaware Water Gap to 
Elizabethport on Newark Bay. In 1857 the Warren was formally acquired by the D.L.&W .. Samuel 
Sloan was not entirely satisfied with the arrangement with the C.N.J., however. In 1868 he signed 
a long-term lease for the Morris & Essex Railroad, which had recently completed its line from 
Hoboken to a connection with the D.L.&W. tracks at Washington in western New Jersey. In this 
way Sloan obtained a direct connection to deep-water shipping directly across the Hudson River 
from New York. Although the Morris & Essex Railroad would continue to maintain a separate 
identity until 1899, with its related lines it served as the eastern part of the main D.L.&W. line from 
1868 onward. Its growth and development responded directly to the needs of the parent company. 

The Morris & Essex Railroad was organized in 1835, thirty-three years before it was leased to the 
D.L.&W. Its line was laid out in the 1830s, following low lying stream beds and valleys wherever 
possible, but with many steep grades and sharp curves. As long as the line primarily served 
passengers from the growing residential areas between Morristown and Newark, the area it was 
originally chartered to serve, its deficiencies could be ignored. When the line began to carry a 
substantial amount of coal, transshipped from the Morris and Lehigh Canals, it was clear that 
changes in its design had to be made. Even before the lease to the D.L.& W. was signed in 1868, the 
M.&E. had begun to formulate plans for constructing a freight cut-off from Denville, near the west 
end of the line, through Paterson and the Passaic Valley, returning to the main line just west of 
Bergen Hill near Hoboken. 

The D.L.&W. immediately pushed these plans to completion, which increased traffic through the 
Long Dock Tunnel and foreshadowed the building of its own tunnel. The Boonton Branch was 
completed in 1870 and all through passenger and freight traffic was transferred to this new line. The 
gentle gradients and smooth curves of the Boonton Branch and the relatively unsettled character of 
the surrounding countryside greatly reduced the running time from Denville to Hoboken, while also 
making it possible to run longer and heavier trains without the need for supplemental engines. The 
Boonton Branch and the M.&E. line joined at Bergen Junction, at the west end of the Long Dock 
Tunnel. The main line of the M.&E. benefitted greatly from the construction of the Boonton Branch. 
Without having to compete with long lines of slow moving coal cars, the trains serving the affluent 
suburbs to the west of Newark could improve their schedules and provide more frequent service. 
In this way the D.L.&W. could fill two roles effectively: as an efficient carrier of coal and as a 
commuter passenger railroad. It was clear, however, that freight was the more profitable portion of 
railroad operations and its needs always took precedence. 

The population of New Jersey's suburbs grew rapidly during the last quarter of the nineteenth 
century, which also increased the need for more efficient passage through Bergen Hill. The 
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D.L.& W. encouraged suburban development by issuing pamphlets extolling the virtues of suburban 
living at a time when middle class desires to combine the amenities of the city with the beauties of 
the country were rising. Like most suburban areas served by railroads, as opposed to those served 
by streetcars, the growing suburbs surrounding the three suburban lines of the D.L.&W. were 
affluent. In the 1880s daily commuters on the "Morristown Vestibuled Express"-also known as the 
"Bankers' Special"-probably paid the rather substantial sum of ninety to one hundred dollars for an 
annual commutation ticket.7 

The South Bergen Tunnel was a key component in the major modification program of the D .L.& W. 
(1899-1910), initiated by William Haynes Truesdale, who succeeded Samuel Sloan as president in 
1899. Truesdale had previously served as President of the Minneapolis and St. Louis Railroad and 
as Vice President and General Manager of the Chicago, Rock Island, and Pacific Railroad.8 

Truesdale moved rapidly to restructure the D.L.&W.'s organization and improve its facilities. He 
ended the relative autonomy of its various divisions, including the M.&E., which would henceforth 
be included in planning as an integral part of a unified system. He replaced almost all of the senior 
officials who had served under Sloan, including most of the engineering staff. His speed and 
ruthlessness reportedly emaged Sloan and caused a near revolt among railroad employees. But his 
interest in innovation and emphasis on quality led to the creation of what was almost a new, and 
greatly improved, railroad. One authority referred to the D.L.&W. line at the completion of 
Truesdale's reconstruction campaign as a "brilliantly engineered transportation artery. "9 

Truesdale acted immediately to replace the small locomotives and smaller-than-normal wooden coal 
cars used before 1899 with larger and more powerful locomotives and bigger and heavier steel 
hopper cars. In order to accommodate the new stock, the line had to be rebuilt, including almost all 
of the bridges, which were too light to carry the longer and heavier trains. Almost 500 bridges were 
rebuilt, most with new substructures. New fixed and draw spans were erected to carry the line over 
the Hackensack and Passaic Rivers. An unprecedented realignment of the D.L.&W. main line 
between Dover and the Delaware River was begun in 1908. The old line had followed river valleys 
to avoid extreme grades through the Pocono Mountains in western New Jersey. The new line cut 
across several major drainages in a direct line. An enormous cut and fill operation was necessary 
to provide grades gradual enough for heavily loaded coal trains. Two long viaducts, at Paulins Kill 

7 

8 

9 

Taber, 111, 125. 

Thomas Townsend Taber and Thomas Townsend Taber III, The Delaware, Lackawanna 
and Western Railroad in the Twentieth Century, 2 vols. (Muncy, Pennsylvania: by the 
authors, 1980), 17. 

Condit, American Building, 254. 
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and across the Delaware River at Slateford Junction, spanned wide valleys on dramatic reinforced 
concrete arches. In 1911 an even more ambitious realignment in Pennsylvania resulted in the 
construction of the monumental Tunkhannock Viaduct, still the longest concrete viaduct in the world 
and still in active use. 

Truesdale did not ignore the needs ofD.L.&W. passengers. By the tum of the twentieth century 
suburban living, even along the rail lines, had come within the reach of the middle class and the 
numbers of daily commuters had soared. In 1905, when the railroad opened a new rail and ferry 
terminal in Hoboken, over 35,000 passengers daily were passing through the terminal from the 
commuter trains to the ferries. 10 Major improvements, which Truesdale had outlined in a report in 
1899 at the outset of his modernization campaign, transformed the commuter lines as well. The 
main element in the transformation was a unified and extensive program of grade separation that 
responded both to the needs of the railroad and those of the areas it served. Scheduling of the 
Truesdale-initiated grade separation projects was reportedly dependent upon contractual agreement 
with the municipalities involved, which were asked to cover ten percent of the project costs. The 
first of the grade separation projects was begun in Newark in 1901; the last was in East Orange in 
the early 1920s. 

When Truesdale embarked on his rebuilding and modernization campaign, he appointed W. K. 
Mcfarlin, formerly of the Rock Island Railroad, to the new position of Chief Engineer. In 1903, 
Mcfarlin was succeeded by Lincoln Bush, one of his subordinates in the Engineering Office who 
served as chief engineer until 1908, when he was succeeded by George Ray. 

The concrete work of the D.L.& W. Engineering Department was extensively covered in railroad and 
engineering journals of the period. Under the general direction of Lincoln Bush and George Ray, 
the Engineering Department of the D.L.&W. pioneered the use of concrete for bridges. Concrete 
was extensively used in the 1902-1905 Newark grade separation project, including what was 
apparently an influential group of twelve umeinforced concrete arches carrying the main line tracks 
into Broad Street Station. The material was also used to protect steel structural members from 
corrosion in both the Newark and Summit projects. In 1908 the railroad made the decision to use 
reinforced concrete, which combined the compressive strength of concrete with the tensile strength 
of steel reinforcement, in the construction of the Jersey Cut-Off. Impressed with the economy, 
rigidity, and apparent permanence of the new and exciting material, the Engineering Department of 
the railroad used reinforced concrete extensively in all of its subsequent work. 

10 Carl W. Condit, The Port of New York: A History of the Rail and Terminal System from 
the Beginnings to Pennsylvania Station (Chicago: University of Chicago Press, 1980), 
169. 
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With the completion of the South Bergen Tunnel and long-planned grade separation projects in the 
New Jersey suburbs, a decade of intensive modernization on the railroad came to an end. Much 
suburban commuter traffic was siphoned off from the D .L. & W. after the completion in 1910 of the 
"Hudson Tubes," tunnels under the Hudson River that permitted direct rail connections into 
Manhattan. Increasing competition from truck transportation and gradually declining output in the 
Pennsylvania coal fields caused a long slow decline in the once central freight traffic. 

In 1960 the D.L.&W. was combined with its former arch rival, the Erie Railroad, to form the 
Erie-Lackawanna line. In 1976 freight and passenger operations came under the aegis of Conrail and 
in 1983 commuter rail operations were taken over by New Jersey Transit Corporation. 
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APPROXIMATE SCALE IN F"EET 

South Bergen Tunnel Locator Map (Source: Jersey City, N.J. U.S.G.S. Quadrangle Map) 
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"D.L.&W.R.R. Profile for New Tunnel Through Bergen Hill," December 1, 1905. On file at 
New Jersey Transit Corporation Headquarters, Newark, New Jersey. 
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"D.L.&W.R.R. New Bergen Tunnel ... Detail of Portal Masonry," September 20, 1907. On file 
at New Jersey Transit Corporation Headquarters, Newark, New Jersey. 
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"D.L.&W.R.R. New Bergen Tunnel...Detail of Open Cut Masonry," Revised December 22, 
1906. On file at New Jersey Transit Corporation Headquarters, Newark, New Jersey. 
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"D.L.&W.R.R. New Bergen Tunnel. .. Details of Shaft ... ," October 30, 1908. On file at New 
Jersey Transit Corporation Headquarters, Newark, New Jersey. 
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