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1.0

Cranford Township Union County, New Jersey

INTRODUCTION and ACKNOWLEDGMENTS

The Cranford Substation is located at 225 South Avenue E. (Block 479 Lot 5) in the Township of Cranford on a
plot of land where South Avenue and the rails of New Jersey Transit’s Raritan Valley Line cross the Rahway River
(Figures 1 and 2; Plates 1 and 2). South Avenue is a fairly quiet two‐lane thoroughfare traveling through the
heart of Cranford, lined primarily with small, local businesses and single‐family homes. For over one hundred
years, the Cranford Substation has housed the operations that supply the municipality with electric power and
light.
The report author would like to thank the following persons for their assistance in the research of this history:
Claudia Rocca, Licensing Project Manager at Public Service Electric & Gas (PSE&G); Sean Redmond, Engineer with
PSE&G; Anne Dontzin, Information Resources Manager of Library Services also with PSE&G; and Maureen
Wakeman, of the Cranford Historical Society.

2.0

HISTORIC OVERVIEW

The Cranford Substation, or Cranford Trolley Power House as it was also called, is a 1‐story, flat‐roofed concrete
block, brick, and steel structure, Neo‐Classical in style, nearly 5 times as long as it is wide. Both stylistically and
structurally, the building is divided into 10 bays with an arched, multi‐paned, double‐height window gracing
each bay. While the building is constructed of concrete block (circa 1903) and brick (circa 1910), the surface of
the front (South Avenue), and side facades are stuccoed and treated as dressed, cut stone. A wide and simple
molded concrete cornice wraps around three facades at the rooftop; a cast circular Public Service medallion is
situated within the cornice frieze over the (former) front entrance on the South Avenue façade (Plates 3 and 4).
Cast iron lanterns flank the former main entrance situated within the fifth (from left or west) bay, but is now
sealed with painted plywood. Rear and side entrances, with plain steel doors, now allow access.
The interior of the substation features a 2‐story substation space, separated from a 2‐story condenser room and
2‐story former engine (now storage) room. The steel, brick, and concrete construction of the building are fully
evident as there is no interior wall cladding; neither is there ceiling material to obscure the steel truss
supported, concrete plank roof (Plates 5 through 9). A full basement is located under the entire building (Plates
10 and 11).
The Cranford Trolley Power House was constructed in 1903. Thirteen years previously, the first electric trolleys
or streetcars in New Jersey were rolling through the streets of Newark. Numerous railway, or ‘traction’
companies, sprang up to build and operate the lines that could service the Newark metropolitan area and its
surrounding suburbs. In 1893, the Township of Cranford granted permission and the authority to the Elizabeth
and Plainfield Railway Company to install tracks and operate an electric trolley through the township; however
this permission was revoked one year later (Cranford Chronicle 12/19/1894).
After township committee debate in early 1898 regarding the widening of North Avenue for the purpose of
laying trolley tracks (which was not popular with the citizens either), it was decided later that year to grant the
Westfield‐Elizabeth Street Railway Company a franchise to instead use South Avenue for the same purpose for
90 years (Cranford Chronicle 4/23/1898, 9/24/1898). The electric trolleys finally started running through
Cranford on December 1, 1899 (Cranford Chronicle 12/5/1899). The Westfield‐Elizabeth Street Railway
Company did not operate the line for long; in November of 1900 the trolley lines in Elizabeth, Rahway, and
Plainfield, with the exception of the North Jersey Street Railway Company's system in Elizabeth, were
consolidated. The merged company took the name of the Elizabeth, Plainfield and Central Jersey Railway (NY
Times 11/28/1900).
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Figure 1: Location of Cranford Substation.
E2 Project Management, LLC.

Cranford Township Union County, New Jersey

Source: USGS 1995 Roselle, NJ 7.5 Minute Series Topographic Quadrangle
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Figure 2: Location of Cranford Substation.
E2 Project Management, LLC.

Cranford Township Union County, New Jersey

Source: http://njwebmap.state.nj.us/njimagery 2012
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Cranford Township Union County, New Jersey

Plate 1: Cranford Substation. View South. (M. Walsh 3/12/2015)

Plate 2: Cranford Substation. View West. (M. Walsh 3/12/2015)
E2 Project Management, LLC.
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Cranford Township Union County, New Jersey

Plate 3: Cranford Substation – Public Service Medallion. View South. (M. Walsh 3/12/2015)
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Cranford Township Union County, New Jersey

Plate 4: Cranford Substation. View East. (M. Walsh 3/12/2015)
.
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Cranford Township Union County, New Jersey

Plate 5: Interior of Cranford Substation. View East. (M. Walsh 3/12/2015)
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Cranford Township Union County, New Jersey

Plate 6: Interior of Cranford Substation. View West. (M. Walsh 3/12/2015)
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Cranford Township Union County, New Jersey

Plate 7: Interior of Cranford Substation. View East. (M. Walsh 3/12/2015)
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Cranford Township Union County, New Jersey

Plate 8: Interior of Cranford Substation – Condenser and Engine Room. View West. (M. Walsh 3/12/2015)
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Cranford Township Union County, New Jersey

Plate 9: Interior of Cranford Substation – Stair Between Substation Room and Basement (1903
Construction). View North. (M. Walsh 3/12/2015)
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Cranford Township Union County, New Jersey

Plate 10: Interior of Cranford Substation – Basement Beneath Main Substation Room (1903
Construction). View East. (M. Walsh 3/12/2015)
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Cranford Township Union County, New Jersey

Plate 11: Interior of Cranford Substation – Basement Condenser and Former Engine Rooms (1910
Construction). View West. (M. Walsh 3/12/2015)
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At that point, the Plainfield Electric Light Company was furnishing power for only a portion of the line, on which
the trolley cars depended (Street Railway Journal 1902). However, after consolidating and acquiring the lines
throughout the region, including Cranford, and not content to rely on an outside supplier, it was reported in
August 1901, that the Elizabeth, Plainfield and Central Jersey Railway was planning to build a power house on
South Avenue to supply power for the entire line (Cranford Chronicle 8/30/1901) (Street Railway Journal 1902).
Nine months later, this proposed power house was described as “one of the largest in the state . . . for the
operation of cars between this place [Cranford] and, Perth Amboy, Sewaren, Carteret, Rahway, Elizabethport,
Elizabeth and Plainfield” (Cranford Chronicle 5/9/1902).
The citizens’ excitement over the construction of the power house was palpable as reported by the Cranford
Chronicle on September 12, 1902 on the occasion of the building’s dedication and cornerstone laying:
“[the building will supply] 6000 horse power to be accomplished by four engines and generators and 12
boilers whose max capacity is 55 hp each. It will be largest railway power plant in NJ outside of Newark.
The building will be erected by Berlin Construction Co. of Berlin Conn., machinery installed by the
Elizabeth, Plainfield and Central Jersey Railway Co. under the direction of Mr. McKee, and it will run all the
lines belonging to the company in Elizabeth, Plainfield, and Rahway to Boynton Beach. Engines are being
built in Quincy Ill, after a new design by the Quincy Engine Works and will follow the most successful
marine practice, with slight changes to adapt them for electrical work. Generators are built after the latest
designs by Westinghouse Electric Company of Pittsburgh. All machinery is designed for heavy work. The
building is entirely composed of concrete (no brick or wood), completely fireproof, presenting an
attractive grey exterior closely resembling stone. Completed it will be 127 by 75 by 45 feet high, floor
space of 125 by 32 by 35 high for the engine room, and 125 by 41 by 25 high for the boiler room. The
engine room has a traveling crane of 15 ton capacity. No cost was spared. [The company] wanted plant
perfect in every way. Estimated cost of $200,000 and estimated date of completion is January 1, 1903.”

The 1903 Sanborn Insurance map of Cranford shows the Cranford Substation, or the Elizabeth, Plainfield and
Central Jersey Railway Power House, property as it was proposed and/or partially completed (Figure 3). It
depicts on the property several buildings including the main, concrete‐block power house itself, two stories tall
facing South Avenue housing the ‘engine and dynamo room’, the one‐story rear room housing the boilers. A
150‐ foot tall brick chimney is situated behind the power house, a water tower for the Central Railroad of New
Jersey (CNJ), a one‐story frame electric pump house (for drawing water from the river to cool the power house
engines) and a double hydrant are structures located close to the Rahway River, while a frame coal trestle veers
off from the main CNJ railroad line to deposit coal behind the power house. Two small, one‐story frame
structures (likely temporary and construction‐related) are situated between the power house and South
Avenue. Four other, unidentified structures ‐ three frame structures and a two‐room, brick structure are also
depicted near the power house but are not associated with the property.
A 1903 bird’s‐eye‐view rendering of Cranford depicts the Cranford trolley power house and most of the
buildings described above in charming detail: the arched windows and rusticated ‘stone’ facade of the power
house, as well as the brick smokestack and railroad water tower (Figures 4 and 5).
Whether the power house was finished by January 1, 1903 as was estimated at the time of its dedication is not
known, however, the Cranford Chronicle reported that trolleys were powered by electricity supplied by the
power house for the first time on April 29, 1903 (Cranford Chronicle 5/1/1903).
Not much longer after this inaugural event, the Public Service Corporation of New Jersey (Public Service) was
incorporated on May 6, 1903, and in the words of Arthur McCarter, the Corporation’s first president: “. . . to
acquire and take over these various properties [State gas, electric and railway entities] by lease or otherwise, to
resuscitate the dilapidated railways, to build up the electric properties, and to provide the necessary additional
capital for the gas companies.” Public Service eventually became the holding company for Public Service
Railway Company, (a consolidation of the larger street railways, and formed in 1907), Public Gas Company,
(formed in 1909 to operate the gas properties), and the Public Service Electric Company, (formed in 1910 to
operate the electric companies). In 1924, Public Service Gas Company and Public Service Electric Company,
together with United Electric Company of New Jersey, merged to form Public Service Electric and Gas Company
or PSE&G (Public Service Corporation of New Jersey 1943).
E2 Project Management, LLC.
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Cranford Township Union County, New Jersey

Figure 3: Elizabeth, Plainfield and Central Jersey Street Railway Co. Power House (Cranford Substation) in 1903.
Source: Sanborn 1903
E2 Project Management, LLC.
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Cranford Township Union County, New Jersey

Figure 4: 1903 Bird’s‐Eye View of Cranford. The Cranford Trolley Power House (Cranford Substation) is Located in the
Center of the Image. Source: Fowler and Bailey 1903

Figure 5: 1903 Bird’s‐Eye View of Cranford Showing Detail of The Cranford Trolley Power
House (Cranford Substation). Source: Fowler and Bailey 1903
E2 Project Management, LLC.
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In 1903 there were 12 operating railway companies (comprised of 96 original companies) in what eventually
became Public Service operating territory. Public Service bought, leased or controlled these subsidiary
companies between 1903 and 1907, one of these being the Elizabeth, Plainfield and Central Jersey Railway
Company, the builder of the Cranford trolley power house (Eid 2007). As reported in the Cranford Chronicle in
July 1903, “Public Service has for some time owned the trolley line”.
The construction of the trolley power house not only attracted the excitement of the citizens of Cranford and
the editors at the Chronicle. In March of 1904, The Engineering Record and The Street Railway Journal ran quite
thorough, nearly identical, articles that described in excellent detail the construction of the building, the
equipment employed, the contractors hired, and the operations of the facility (Appendices A, B). Of particular
note, the articles feature interior and exterior photographs, plans and cross‐sections of the building (see
Appendix B).
The building apparently became a point of local pride as evidenced by its inclusion in a 1904 promotional
publication highlighting Cranford in 1904. In its photograph, the building appears a bright white or light grey,
simply yet elegantly styled upon a plain grassy plot with the Rahway River in the foreground (Figure 6).

Figure 6: Cranford Trolley Power House (Cranford Substation) in 1904.
Source: Hendrickson 1904
E2 Project Management, LLC.
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As previously mentioned, between the years of 1903 and 1907, Public Service acquired control of numerous
New Jersey railway companies. In August 1907, Public Service Railway Company (which was in turn controlled by
Public Service Corporation through ownership of a 99% majority of stock) was incorporated, and through the
efficient control of one operating company, allowed connections between Paterson, Passaic, Newark, Jersey
City, Bayonne, Hoboken, Hackensack, Elizabeth the Oranges, Westfield, Plainfield, New Brunswick, Rahway and
Camden (Nicholas 1912). That same year, in order to more efficeintly manage this large territory, three divisions
were created: the Northern, Southern, and Central Divisions (Figure 7). The Central Division, of which the
Cranford trolley power house was part, boasted a total of 163 miles of track (Eid 2007).

Figure 7: Map of Public Service Divisions in 1906.
E2 Project Management, LLC.

Source: Holman 1906
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Distinct from its sister company, the Public Service Railroad Company, Public Service Railway Company operated
local and suburban streetcar lines, while Public Service Railroad Company was the state’s first inter‐urban trolley
operation (Hamm 1991). A 1908 map of trolley lines in Northern New Jersey depicts the myriad of
interconnecting routes through the region, allowing relatively quick travel between the more urban areas in
Essex and Union Counties and the outlying suburban, even semi‐rural areas of Somerset and Morris Counties
(Figure 8). The Cranford trolley power house was located on the Main Line and supplied the power for the entire
line. The Main Line No. 165, later renamed and re‐numbered in 1916 to the Union Car Line No. 49, was one of
the most important and heavily patronized routes in the Central Division, and the last Public Service line to
remain in operation in the County (Hamm, 1991). Accoring to a 1908 timetable, one could travel for 30 cents
from one end of the line to the other in 2 hours and 40 minutes over a route that was almost 28 miles long
(Bullinger 1908) (Figure 9).
Very soon after its construction, the trolley power house took on added importance to Public Service when in
1906 ‘new machinery’ was installed for producing electric light current to supplement what was then brought
from Elizabeth (Cranford Chronicle 8/2/1906). It’s not known exactly what that new machinery was but
improvements continued on the property through the next decade. A 1908 map indicates that the building was
indeed a Public Service ‘power house’ (Sanborn 1908) (Figure 10). A major alteration took place in 1909‐1910
when the original 7‐bay wide, concrete block enlarged to the west with another three bays (stylistically identical
to the original, but constructed in brick) to accommodate two additional transformers (Cranford Chronicle
11/4/1909). A year later Public Service built a dam (demolished sometime before 1929) on the adjacent Rahway
River north of the South Avenue bridge to ensure a more reliable source of water for the power house’s electric
pump house (Cranford Chronicle 2/2/1911). By 1915, the 1903 electric pump house near the river was replaced
by a brick, two‐room pump room with water purifier connected to the eastern end of the main power house, a
brick machine shop was built near the River along with two additional frame store houses, and a second 150‐
foot tall chimney was located behind the power house (Sanborn 1915) (Figure 11). Conditions remained
relatively the same through 1922 (Sanborn 1922) (Figure 12).
In an ever continuing quest for efficiency, Public Service company policy stated (speaking, in part, about the
company’s previous decade) in 1916 that “the first step toward economy was the rebuilding of some of the
generating stations, usually replacing belt‐driven generators and old boilers with direct‐connected generators
and modern boilers. With the advent of the steam turbine and large generating units, it was possible to
centralize large amounts of generating capacity under one roof, and it became necessary to raise the
transmission potential generally throughout the system” (Conniff 1978). To that end, an additional capacity of
4,000 kilowatts were added to the trolley power house at Cranford making it a combined light, power, and
railway generating station From its first day of operation, the power house was manually operated, 24 hours a
day (Conniff 1978).
Almost from the first days of its operation, the Main (Union) Line (as well as all the other electric trolley lines in
New Jersey) operated in competition with gasoline‐powered jitney buses. As early as 1916, Public Service
themselves reported that jitney buses were taking passengers from street railway companies due to lower fares
and convenience of location (1916 annual report). This trend continued through the 1920s and 30s,
compounded by pressure from individually, consumer‐ owned automobiles (Mitchell, n.d.). Public Service
attempted to counter this competition with a hybrid vehicle of their own – the ‘all‐service’ vehicle. Public
Service’s 1934 Annual Report announced that their own engineers designed this new type of transportation that
could operate from existing overhead lines or under its own gasoline power. They touted that the vehicle’s
“quick pick‐up, curb loading, silent operation and cheap electric power” would soon give the competition a run
for its money.

E2 Project Management, LLC.
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Cranford Township Union County, New Jersey

Figure 8: Trolley Lines in Northern New Jersey in 1908. Cranford can be seen lower, center map above the words “Lehigh
Valley”. Source: Bullinger 1908

Figure 9: 1908 Public Service Railway trolley timetable for the Main Line (No. 165). The first column denotes stops and
connecting points; the second column denotes travel in minutes (then hours) between points; the third column
is the fare in cents; and the fourth column denotes the traveled miles from the originating terminal (in this case
the Delaware, Lackawanna & Western Station in Newark). Source: Bullinger 1908
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Figure 10: Cranford Power House in 1908.
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Cranford Township Union County, New Jersey

Source: Sanborn 1908

Page 21

Historical Overview of the Cranford Substation

Cranford Township Union County, New Jersey

Figure 11: Cranford Power House in 1915. A second chimney has been added since 1908.
E2 Project Management, LLC.

Source: Sanborn 1915.
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Figure 12: Cranford Power House in 1922.
E2 Project Management, LLC.

Cranford Township Union County, New Jersey

Source: Sanborn 1922
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Electric trolley service was discontinued on September 14, 1935 when Public Service substituted the all‐service
vehicles for all of their rail cars on the Union (old Main) Line (Hamm 1991). Passenger revenue increased on the
Union Line and all‐service vehicle (or strictly gas‐driven vehicle) substitutions continued on other Northern New
Jersey lines through the 1930s (Public Service, 1935, 1936, 1937). However, the consumer‐owned automobile
continued to gain popularity over mass transit through the 1940s and 50s (Mitchell, n.d.).
The gradual and eventual abandonment of the electric lines in favor of fully gas‐powered vehicles shifted the
operating emphasis at the Cranford power house from transportation to its other employment as distributing
electrical current for power and lighting. During the late 1920s through the late 1940s, more improvements and
alterations took place at the building. A 1942 Public Service blueprint, one of several drawn to illustrate previous
alterations as well as improvements planned for that year, depicts a steady campaign of mostly interior
modifications (see Appendix C):
1923: alterations were performed but not depicted or described on this particular sheet
1928: an interior partition constructed between the fourth and fifth bay
1929: a 72‐foot long portion of the rear boiler wing was demolished for the installation of
outside electrical transformers
1930: first floor was altered and reinforced, an interior gallery removed, and a set of stairs to
the basement relocated, all primarily in the first five bays
1942: first floor slab reinforcing was performed in the third and fourth bays, apparently in
preparation for the installation of new condenser units
Additionally, an aerial photograph and a hand‐drawn bird’s‐eye‐view image, both from 1929, show that the 150‐
foot tall chimney is no longer extant suggesting that the power house was no longer burning coal to generate
electricity for the electric lines (Anonymous 1929; Hughes and Cinquin 1929) (Figures 13 and 14). The installation
of outside transformers that same year (as seen in the 1942 plans) appears to support this (Figure 15; see
Appendix C).
Public Service announced in 1947 that “operation of equipment used to supply the demands of Public Service
Coordinated Transport [successor to Public Service Railway] was shut down at several substations because of
the abandonment of the all‐service vehicles. This permitted the retirement from service of equipment used for
converting alternating current to direct. The Company is continuing its policy of changing substations over from
manual to automatic operation for the purpose of saving manpower.”(Public Service Electric Dept. 1947). One of
the affected substations was likely the power house in Cranford, allowing its operation to focus fully on
distributing power to customers, if it hadn’t been doing so already (Sean Redmond conversation February 2015).
The following year, major capacity additions in the form of additional transformer units were made at five
substations including Cranford (Public Service Electric Dept. 1948).

E2 Project Management, LLC.
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Figure 13: 1929 Aerial Photograph of the Cranford Power House (Substation). Note that the chimneys are no longer extant.
Source: Un‐Attributed
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Figure 14: 1929 Bird’s – Eye View of the Cranford Power House (Substation). Source: Hughes and Cinquin 1929
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Cranford Township Union County, New Jersey

Figure 15: Design Plans Representing the 1942 Alterations to the Cranford Substation.
Source: Public Service Corporation of New Jersey 1942
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The last significant physical change to take place was the demolition of the remainder of the old boiler wing, to
the rear of the main substation, sometime between 1957 and 1966, according to historic aerial photos (NETR,
2015) (Figures 16 and 17). When first constructed in 1903, the Cranford Trolley Power House measured 127 feet
long by 73 feet wide. The 1910 construction enlarged the power house/substation to approximately 181 feet
long. The combined 1929 and circa late 1950s demolitions reduced the building’s width to 42 feet.
The Cranford Substation continues to supply electrical power to Cranford and the surrounding area to both
commercial and residential customers. Electricity produced in generation stations is transmitted first to the
substation as transmission voltage1. In the case of Cranford Substation, voltage transmitted from the generation
stations is 26 kV. At the substation it is stepped‐down to distribution voltage, which since 1916 at Cranford
Substation has been 4 kV, and sent out over the distribution wires on poles or through conduits to transformers
on poles when it is once more stepped down for use by the customer or group of customers. In addition to
transforming current from high to lower voltages, substations may also convert alternating current to direct
current for use by industrial customers whose apparatus calls for this form of current (Public Service Corporation
of New Jersey, 1924). Distribution lines in the substations are equipped with regulators to maintain a constant
voltage, the current measured, its voltage and amperage recorded, and relays to prevent any interruptions to
one circuit being communicated to another, and storage batteries to furnish an independent source of power to
operate switches (Public Service Corporation of New Jersey, 1924).
Currently, the Cranford Substation has four 26kV feeds from other substations/switching stations, which is then
converted into a 4kV voltage using three transformers and is then fed to customers via 4kV feeder rows. This
statement is inclusive of the station as a whole (Sean Redmond, 2015).
The building currently houses 4kV bus work (essentially a solid form of cable), station light and power
transformers (transformers that are used to power lower voltage items within the substation), other
miscellaneous 4kV equipment, and the 26kV relay equipment. It is not a manually operated substation any
longer, but is monitored remotely and inspected periodically (Sean Redmond, 2015).

1

The voltage of electricity is the measure of its pressure and is expressed in volts. Amperage is the measure of its rate of
flow and is measured in amperes. The product of the two gives a measure of apparent power expressed in volt‐amperes, or
kilovolt‐amperes (kV) which are 1000 volt‐amperes. A watt is the unit of real power and is the product of volts, amperes,
and a factor called power factor (Public Service Corporation of New Jersey, 1924).
E2 Project Management, LLC.
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Figure 16: 1957 Aerial Photograph of the Cranford Power House (Substation).
Note that the rear wing of the building is still present.

E2 Project Management, LLC.

Cranford Township Union County, New Jersey

Source: NETR Online 2015
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Figure 17: 1966 Aerial Photograph of the Cranford Power House (Substation).
Note that the outside transformers that replaced the rear building wing can be seen.
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Source: NETR Online 2015
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Mason 19, 1904.
with both exhaust and live steam mains.
in
the locomotive and blacksmith shops the hot
air from the heaters is distributed partly un
derground through brick conduits; but in the
other-buildings and in parts of these, the dis
tribution system consists of cylindrical over
head galvanized iron ducts, supported on the
lower chords of the roof trusses, having outlets
through vertical pipes carried down beside each
of the interior columns. Ventilation is provid
ed by the natural outlets through crevices and
open doors, by sliding or pivoted sash in the
windows, by special doors in the monitors and
by 24-inch automatic Aeolian ventilators in
every skylight, installed by Messrs. Lessard 8i
Harris.
The main windows have been fitted
with single sash only, but provision has been
made for the use of double sash if the severity
of the cold should require it.
The principal contracts for the construction
of the plant were awarded as follows: for the
freight car shop, planing mill, two passenger
car shops, blacksmith shop, and for all plumb
ing, inside and outside water pipes, sewer con
struction and the rooﬁng and skylights for all
buildings to Messrs. Lessard & Harris, Mon
treal; for the car machine shop, truck shop,
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The Cranford Plant of the Public Service
Corporation of New Jersey.
A building constructed of concrete blocks and
a system of piping that includes a steam header
81 feet long without a single valve in it are
conspicuous features of the Cranford, N. J.,
electric railway plant of the Public Service Cor
poration of New Jersey. it is a 3,200-kilowatt
plant in which two 800-kilowatt units are at
present installed, and with a load averaging
240,000 kilowatt-hours per month is operating
at 3.1 pounds of coal per kilowatt-hour. Direct~
connected vertical compound steam engines,
equipped with an interesting system of steam
circulation for jacketing and reheating, are em
ployed, operated condensing, and horizontal
tubular boilers are installed in the boiler room.
Jet condensers are used, with water from the
Cranford River, and the feed for the boilers is
taken from the condenser discharge. The aux
iliary steam machinery exhausts in the usual

way to a feed-water heater.

The plant was de

signed by Mr. Warner W. McKee, chief engineer
of the Elizabeth Division of the Public Service
Corporation, which is an organization repre
senting a consolidation of companies owning

355
not succeed, however, in producing a hollow
block that was proof against cracks, and the pat
tern ﬁnally used was the solid. They were made
generally with cinders, in the proportion of 1:
3:5, with Vulcanite Portland cement, but when
ever cinders were not immediately available,
crushed stone, 1% inches and less in size, was
substituted, and the resultant cost of the struc
ture, it is estimated, is about what good brick
work would have cost.
The blocks, which are largely of a 2x4-foot
face and 6 inches thick, were placed in the
walls as soon as the initial set had occurred and
allowed to harden in position. The blocks on
their horizontal mating faces were dovetailed to
gether, one block having a tongue parallel with
the outside surfaces and the other a groove into
which the tongue was ﬁtted. On their vertical
jointing faces each block had a groove and the
two grooves formed a vertical hole which was
ﬁlled with cement grout. The joints on all sides
were 14 inch thick, made with cement mortar.
The partition wall between engine and boiler
rooms is likewise of concrete blocks, and the
wall thickness throughout is but 6 inches, ex
cept where there are ornamental pilasters or ex
tra thickness blocks around doors and windows.
The walls are continued above the roof level,
in a. cornice or parapet, so that the roof itself is
not visible from the street.

The engine-room floor is about 4 feet above

Street Railway Plant at Cranford, N. J.
cabinet shop, wheel foundry, gray-iron foundry,
general storehouse, power-house, pattern shop
and pattern storage building to Messrs. D. J.
iioomis & Sons, Sherbrooke, Quebec, Canada;
for the locomotive shop, dry kilns and office
building to the William Grace Company, Chi
cago.
The contracts for the structural steel
work were awarded to the Dominion Bridge
Company, Montreal; for the locomotive shop,
car-wheel foundry, gray-iron foundry, and the
yard crane runways, to the Canada Foundry
Company, Toronto.
(To be continued.)
THE IMPORTANCE or MILXTIA Oaoamznrons
has been recognized by the Vulcan Iron Works
Co., of Toledo, which recently posted the fol
lowing note in its works: “The company will
pay full time to any employe who is a member
of the Ohio National Guard, when out on
parade with his company, at riﬂe practice, or
camp duty or when serving under the governor
or sheriff to put down a riot." In view of the
valuable services rendered by the militia in
times of riots, this action is commendable, to
say the least.
\

railway, electricity and gas franchises in most
of the towns and cities in Northern New
Jersey.
The plant occupies a site alongside the Cen
tral Railroad of New Jersey, so that facilities
are afforded for coal delivery. and it is practical
ly on the bank of the Cranford River, which en
sures an adequate supply of condensing water
throughout the year. The building. which is
127x73 feet in plan, stands some 69 feet back
from South Avenue in Cranford, and with a
lawn in front, cut by cement walks leading to
the building, obtains a setting which enhances
greatly the general effect of its architecture.
The site was formerly more or less of a wood
ed marsh, apparently undesirable for its pres
ent occupation, but in boring for the founda
tions, hard pan was found underlying the muck
at a depth of comparatively few feet, so that
concrete footings for the walls and machinery
foundations were found possible without the
use of piling. For the walls concrete blocks
were determined on, planned originally to be
hollow, largely to secure a reduction in the first
cost of the building. The design of the block
or the methods employed in its manufacture did

the boiler-room ﬂoor and under the former the
space around the machinery foundations has
been excavated forming a basement about 7 feet
in clear height, which is lighted by windows
and utilized for storage and for electrical ap
paratus. The engine-room door is of expanded
metal-concrete construction, suspended between
transverse I~beams, and it has a granolithic sur
face marked oif in large squares.
The roof
trusses, which are of light steel construction,
are carried by three rows of light, steel columns,
two of the rows on opposite sides of the engine
room supporting also the girders for a travel
ing crane. The roof is of gravel as made by the
Commonwealth Rooﬁng Company, laid on
planks. The walls and under side of the roofs
are painted white, except the bottom 5 feet of
the walls which are black, and the roof trusses
and crane are a dark red. The columns in their
rise through the building are enclosed in con
crete as a sort of pilaster.
There is a clear
height of 25 feet to the under side of the crane,
which is a 15-ton hand-power traveling hoist
built by the Reading Crane & Hoist Works.
There are practically two rows of windows in
the outside walls and also a row of clere-story
windows in the partition wall above the boiler
room, so that the engine room presents a lofty,
well-lighted and pleasing interior.
Between the boiler room and the railroad
coal siding, which is run on a trestle, there is
space for some 3,000 tons of coal; and in the out
side wall there are six pairs of large double
doors through which coal is carried by a short
haul from coal pile to ﬁring space. At each
end of the boiler room there is also a large
opening closed by a Kinnear rolling door. The
floor, which is paved with brick, is at grade
level, and to the under side of the roof trusses
there is a clear height of 22 feet. In the roof
there are seven 24-inch ventilators. Fire hose
is provided in both rooms, attached to piping
extending from the city water supply.
The boiler plant consists, as stated, of hori
zontal tubular boilers, each of 72-inch shells
with ill/{inch tubes. The room is planned for
twelve all told, arranged in two groups on op
posite sides of a central, cross gangway, where
the feed pumps and feed-water heater are lo
cated and where communication is had with the
engine room. Three of the boilers are yet to be
installed. Those now in place were built by
the Stewart Boiler Works, of Worcester, Mass,
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valves.
The arrangement of the piping is
shown in the accompanying illustrations. The

and have a shell 20 feet long with 86 tubes, so
that the heating surface is 1,800 square feet
per boiler. Allowing 12 square feet per boiler
horse-power, each boiler has a capacity of 150
horse-power, or 1,800 for the whole plant. The
ﬂoor space taken up by each group of six is
1 2/3 square feet per horse-power, and in the
whole room there are about 2.8 square feet per
horse-power, with 12 feet ﬁring space and 5
feet between the boilers and the partition wall.

The present steam header is formed of live
lengths of 14-inch outside diameter steel piping.
1,9 inch thick, the lengths ranging from 141/;
feet to 19 feet 4 inches. The steam pipes are
connected to it by ﬂanged necks of cast steel, "/3
inch thick, riveted to the header by 'l/g-inch' riv

boiler connections into the header and the en
gine supply pipes from it are formed on long
radius bends, in accordance with modern prac
tice of allowing in that way for expansion and
contraction changes with an elimination of sharp
angles and bends and with a reduction in the
number of joints and ﬁttings. The height of the
engines with respect to the roof of the boiler
room necessitated an unusual amount of bend
ing in the pipe in the engine room. One valve
only is ﬁtted in the pipes to and from the head
er and these near to it and accessible from an
elevated platform behind the boilers. The boil
er leads enter the side of the header, so that

The boilers have 9/16-inch shell and %-iIlCh
heads, and were designed for 175 pounds pres
sure. They are enclosed in a setting built along
the lines advocated by the Hartford Steam
Boiler Inspection & Insurance Company. The
grate area is 33.4 square feet, showing a ratio
of heating to grate surface of 53.8 to 1 and a
ratio of tube area to grate surface of 1 to 5.7,
as bituminous coal is burned. The boilers are
hand ﬁred and a record of the coal consump
tion is kept by means of a street-railway fare
register, which is rung up every time a barrow
ful of coal is weighed and brought into the
boiler-room, the barrow being carefully bal
anced on platform scales with 300 pounds of

E'C/uzs/mf Plan/r Mic

ets. The sections of the header are joined by
the recessed lap joints made by Messrs. W. K.
Mitchell & Company, of Philadelphia. The rest
of the piping is of extra strong steel piping,
with the Mitchell joint. In all joints :1 copper
wire gasket, devised by Mr. McKee, is employ
ed. The main valves are of the Chapman gate
type, and the piping is wrapped in R. A. Keas
bey 85 per cent. magnesia pipe covering, 2
inches thick.
The engine room contains at present two 800
kilowatt direct-connected direct-current rail
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Cranford Plant of the Public Service Corporation of New Jersey: Foundation Plan showing Steam Piping; Cross-section and Details.
coal net, each time. The reading of the regis
ter is noted at every change of shift. The boil
ers have the usual overhanging fronts, and each
smoke uptake has an area of 5.4 square feet.
The breeching is circular in cross-section and
at its largest point is 6 feet in diameter, or 80
per cent. of the total tube area of the six boll
ers served by it. The smokestack rises outside
the building in the position indicated, and is of
the Custodis radial perforated brick construc
tion, with square base and ornamental top, 8
feet in inside diameter at the top and 150 feet
high.
A damper in the connection between
breeching and stack is arranged for automatic
control by means of a Spencer draft regulator.
The steam piping is quite unusual, particu
larly in the use of a steam header without

condensation within them can ﬂow back into
the boilers, while the other connections rise
from the top and drainage of the header is ef
fected by a system of drip pipes. These are 2
inches in diameter and one is taken from the
header below the inlet from each boiler, with a
valve near the header. These pipes drop along
the rear of each boiler and thence into the
water space of the boiler, but each connects en
route into a 4-inch header which is carried
across the rear of the boilers as an auxiliary
steam main and drip line. It will thus be seen
that the main steam pipe drainage system pro
vides for returning the water of condensation
to the boilers by gravity, while at the same time
it furnishes a supply of steam for the auxiliary
steam apparatus.

way units with space for two more of the same
capacity, which, however, may be alternating
current units, in case it is desired to provide
for long-distance transmission. In that event. it
is proposed to install rotary converters as a
means of connecting the direct and the alter
nating-current ends of the plant, so that an ex
cessive demand on the one system can be met
by the other through the use of the converter.
The space occupied in the engine room is 1.18
square feet of ﬂoor space per kilowatt of rated
output, or 0.88 square feet per horse-power.
Taking the whole building into consideration,
there are, not including the chimney, 2.17
square feet of ground space per horse-power of
rated output and 71 cubic feet of building per
horse-power.

__-n.__--:_.

MARCH 19, 1904.

THE

The generating sets now in operation consist
of Williams vertical compound engines, with
211,5 and 43-inch cylinders and 36 inches stroke,
built by the Quincy Engine Works, and West
inghouse 600-volt railway generators, operated
at 120 revolutions per minute.
The engines
were furnished under a guaranteed steam con
sumption of 13% pounds of steam per indicated
horse-power per hour, with steam at 150 pounds
pressure, a vacuum of 27 inches and the speed
above given. They are equipped with an inter
esting system of reheating, including a jacket
for the high-pressure cylinder and a reheater
between cylinders. The live steam in the jacket
passes from it through a coil in the reheater,
and the outlet of the reheating coil is then con
nected, after the condensation has been trapped
off, to operate the steam cylinders of the con
denser air pumps, the pipe thus serving as a
convenient method of supplying the condenser
units but principally as a means of creating a
steady ﬂow of steam through the reheating
coils. Such water of condensation as forms
later reaches the feed-water heater through the
exhaust from the steam pump.
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steam pump operated a few minutes as the
tanks above become empty.
The condensing system is noteworthy for the
directness of the piping system and the location
of the air pumps on the engine room ﬂoor, be
hind the engines readily accessible to the room
attendants.
The exhaust pipe from each en
gine, 16 inches in diameter and of wrought-iron,
is 11 feet long to the 20-inch main exhaust, and
each of the two pumps takes from the main
through a pipe 8 feet long. As indicated in an
accompanying drawing, the usual relief connec
tion is provided, with a Blake relief valve dis
charging through a short horizontal pipe extend
ing through the end wall of the building. The
pumps are of the vertical twin pattern, made
by the Warren Steam Pump Company, and are
10x25x18 inches in size.
Each is calculated
large enough to serve both engines and the con
nections are made so that either one or both
may be operated. They deliver into a concrete
reservoir outside the building, the chief pur
pose of which is to attord means for the oil or
grease to separate from the water before its
final discharge into the river. As shown in a

---_'

357
tube heater with corrugated tubes. Under nor
mal conditions the feed to and from the heater
is 100 to 110 and 200 to 210 degrees Fahrenheit,
measured by Standard thermometers with dial
faces. The heater is rated at 3,000 horse-power
and contains 144 ll/z-inch tubes, 124 inches
long. The exhaust from the various pumps is
led to it and the condensation is drained to an
open barrel near the feed pumps, this barrel
serving the same purpose as the concrete reser
voir. Considerable oil is recovered in this case
and is skimmed off for utilization over again
in the pump cylinders.
The station is entirely a street railway one,
subject to the variations of demand peculiar to
this class of service. It is at present an ad
junct of a 1,300-kilowatt street-railway plant at
Elizabeth, and while located centrally for the
suburban lines to Plainﬁeld, to Elizabeth and to
Boynton Beach, is frequently called on to send
current to the Elizabeth system, a distance of
51/, miles over a 1,000.000-circular-mil feeder.
The station is 91/5 miles from the center of
Plainﬁeld and 10 miles from Boynton Beach and
furnishes the current necessary to operate all
the cars along the line and at Plainﬁeld as well
as Elizabeth.
For the control of the electric system there
is a standard switchboard with two panels for
the generators, a totalizing panel and the re
mainder feeder panels, two feeders per panel,
each feeder protected as usual with a circuit
breaker. The totalizing panel carries a record
ing wattmeter, which is one of the instruments
read with changes of shift in the power-house,
in connection with the records kept of the plant
performance.
The plant is run daily except between 2 and
5 in the morning. The average load throughout
the day is 800 amperes, but at the peak, between
5:30 and 6:30 P. M., the current demand aver
ages 1,200 amperes, fluctuating between 800 and
1,600. Steam, however, is kept up at all times,
and the steam pressure is varied proportion
ately to the load, the idea being that more eco
lnomical steam distribution is secured in the
steam engines at the light loads with reduced
steam pressure. The pressure ranges from 60
pounds during the early hours of the morning
to 150 pounds at heavy load times, or 160 in the
case of an unusual demand. In the accompany
ing table is given the record of the coal con
sumption in seven months‘ running:
Record of Seven Months‘ Operation.
(,‘oal per Kw-bn.
Month.
Kllowntt-hrs.
lbs.
June . . . . . . . . . . . . .
3.9?

July

Engines and Condensers in the Cranford Power Plant.
The engines are operated with a ﬁxed cut-off
for the low-pressure cylinder, so that with vary
ing load the receiver pressure is variable, and
the latter is accordingly equipped with a safety
valve of the Crane type, set to blow off at about
60 pounds. The receiver is 36 inches in diame
ter and about 4 feet, 9 inches high inside and
contains sixty 2-inch brass pipes, 3 feet 8 inches
long, connected at top and bottom by return
bends to form a continuous coil. The bearings
and guides of the engine are water cooled and
lubricated from an oil circulating system which
employs a storage tank on the upper engine gal
lery. The head under which the oil is circu
lated is thus not more than a few pounds at the
oil spouts, the purpose being to furnish the oil
through these outlets in comparatively large
globules or streams to avoid the clogging of
smaller outlets which might otherwise have
been necessary. The oil from the bearings is
caught and drained by a system of piping to a
Burt “Cross" oil ﬁlter in the engine-room base
ment. Filtered oil from the reservoir is pump
ed to the elevated tanks by means of a small

sketch herewith the water ﬂows out of the res
ervoir over a weir in one side, reaching the
weir under a battle. so as not to disturb the sur
face water where the grease may rise and col
lect. As little cylinder oil as possible is used
in the engines and thus far no systematic skim
ming has been necessary.
The reservoir is
24 feet in diameter and 6 feet deep.
Water for the boilers is taken from a pocket
in the condenser discharge main within the
power-house, the pocket being located in the
bottom of the pipe to minimize the chances of
getting oil in the water; and this water, without
treatment, except heating in the feed heater, is
pumped into the boilers. The boilers are clean
ed in turn after being in use four weeks and
the sediment is a soft mud easily washed out.
There are two 10x6x12-inch Warren feed pumps,
installed in duplicate and placed on one end,
taking a vertical position with minimum ﬂoor
space.
They deliver ﬁrst through a Union

meter, by means of_which the record of the
boiler evaporation is kept, and then through
the feed heater, which is a Wainwright water

.;

. . . . ... . . . . . .

August ..
September
Qctober . .
hovember
lbw-ember

. ..

..

. . . . . . . . .
.. . .. . . . .
. . . . . . . . .

. .

. .

3.4

. .

..

3.37
3.4
3.44
3.4
3.1

. .. . . .
210,000
240.000

The evaporation of the boiler plant, on the
basis of the water meter and for the actual con
tinuous performance, day after day, is 91,5
pounds of steam per pound of coal. On the basis
of the December output, it will be found that
291%) pounds of steam were consumed per kilo
watt-hour including the engines, condenser and
feed pumps.
THE Paonuo'rs 0F COMBUSTION from steam
boilers ﬁred with bituminous coal should not
carry less than 14 per cent. of carbonic acid,
in the opinion of Mr. J. B. C. Kershaw in a
paper presented to the Liverpool Engineering
Society. Lower percentages are due, he says,
largely to excessive draft, and he ﬁgures that
the loss represented by the difference between
14 and 8 per cent., this the average accredited
by some authorities, with the gases at 560 de
grees Fabr., is equivalent to 10 per cent. of the
fuel burned. He believes boiler houses should
be planned so that the ﬁremen can always see
the chimney top, reﬂecting mirrors being pro
vided if necessary.
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Historical Overview of the Cranford Substation

Cranford Township Union County, New Jersey

APPENDIX C
Historic Plans, Cranford Substation 1942
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