CHAPTER 4

CONSTRUCTION

& INNOVATION

BUILDING THE PNJ

The ability to form such a large pool of power and build high-voltage
transmission lines between the two states was just becoming possible at the
time the tri-state PNJ was formed. In his history of PP&L, Bill Beck writes that
“technological solutions to the problems of large-scale interconnection either
[were] in place or on the horizon” when PP&L, Philadelphia Electric, and
Public Service began moving toward a formal power pooling arrangement.87
The three companies of the PNJ were to be linked through a loop of 220kV
trunk lines that formed a ring about 210 miles in length. By standards of the
late 1920s, these high-voltage lines supplied a “state-of-the-art” network of
electrical power transmission. The Interconnection’s ring of power was shaped
like a “lopsided diamond” described by one author as a baseball diamond
with substations and switching stations where the bases would be:
Home plate was at Plymouth Meeting, Pa., near Philadelphia [where
connection was made with the Conowingo Plant]; first base at Roseland,
N.J. (from which lines ran to Essex, Marion, and Kearny); second base at
Bushkill, Pa., across the Delaware north of Stroudsville [where connection
was made to the Wallenpaupack Plant]; and third base at Siegfried, Pa.,
near Allentown. 88
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Each partner agreed to build transmission lines to connect to the other
two partners, splitting the costs three ways, and each was responsible for
the equipment and infrastructure in their specific service area. Under the
Interconnection agreement each utility could construct any type of structure
to carry the high-voltage lines within certain limits. Each tower had to
sustain a 220kV line and be compatible with each of the other member’s
systems. As a result the towers constructed by each utility were similar in
design with slight variations.90

Figure 20 – Pennsylvania—New
Jersey Interconnection, 1929.

In New Jersey PSE&G was responsible for constructing two lines making
up two sides of the diamond. One extended southwest from the Roseland
Switching Station to Lambertville at the border between Pennsylvania and
New Jersey where it continued to Philadelphia Electric’s Plymouth Meeting
Substation (first base to home plate). The second extended west from the
Roseland Switching Station to the border of Pennsylvania and New Jersey
near PP&L’s Bushkill transition point (first base to second base). PP&L was
responsible for the line that connected their Wallenpaupack hydroelectric
station with their Siegfried Substation (located north of Allentown) by way of
a transition point at Bushkill, where it met the PSE&G system (second base
to third base). PSE&G constructed the lines as far as the Delaware River and
the boundary between New Jersey and Pennsylvania. Crossing the river,
Philadelphia Electric and PP&L continued the line to its intersection with
their line. Philadelphia Electric was responsible for the construction of the
transmission lines that connected their hydroelectric plant in Conowingo to
their Plymouth Meeting Substation and from the Plymouth Meeting Substation
to PP&L’s Siegfried Substation (home plate to third base).91 In 1928 the
estimated cost of the “entire project” was $26 million.92
In the 1920s construction was as dependent on manpower as machine power.
Each component—power plants, substations, and the transmission lines—
required lots of human labor. Large numbers of workers were often brought in
and housed for the duration of a project.93
Of the two legs constructed by PSE&G to connect with the Pennsylvania
utilities, the company reported that construction of the Bushkill to Roseland
line “involved more varied engineering difficulties than any other feature of
the interconnection project.”94 The line stretched through some of the most
41

To Develop the State of New Jersey and Make It a Better Place to Live

Construction and Innovation

42

challenging terrain in New Jersey, described as “wild and all but impassable
mountainous country.”95 To the west, camps were built at Stillwater and
Millbrook to house workers. This was a formidable, rural landscape above
the Delaware River through the Kittatinny Mountains and the New Jersey
Highlands, which was inaccessible at many times during the year when the
narrow, dirt roads became impassible during bad weather.

Figure 21 – Crew at Stillwater Camp,
the housing for men who worked on
the Bushkill to Roseland Portion of
the PNJ Transmission Line.

Dubbed “the cussed Sussex link” by the linemen, building the Bushkill to
Roseland line meant crossing 45 miles of rugged terrain where “hundreds
of tons of steel and construction equipment [had to be] hauled over rough
country and up mountain sides, at times almost perpendicular; plank roads
and narrow gauge railways [had to be] built to carry men and materials
across swampy land.” Trails were blazed through forests, corduroy roads
built across soft ground, and solid trap rock, granite, and boulders excavated
for foundations.96

Figure 22 – Stillwater Camp Mess
Hall, 1928.

The task was accomplished by the field engineers and a large number
of workmen from PSE&G’s Electric Distribution Department. Locating a
workforce close to the route of the new transmission line was the best way to
ensure that the men could get there to build the towers. These men included
“steel men or ‘top men,’ who erected the towers, ground men, laborers,
linemen, tractor and truck operators and ‘powder monkeys,’ who handled the
dynamite.” Field engineers and foremen supervised the work.
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Figure 23 – Stillwater Camp Sleeping
Quarters, 1928.

All of the men, whether Southerners far from home or linemen from Newark,
workman, engineer or foreman, lived in camps at Stillwater or Millbrook
during construction of the Roseland to Bushkill line. The Stillwater camp
had facilities to house 40 men, and Millbrook could house 20 men. These
“Rag Cities” were needed, especially in Millbrook, because the roads in that
section were “nearly impassable,” making the movement of laborers nearly
impossible. The accommodations consisted of four-man regulation army tents
with wood siding built on wood floors. Each contained a table, coal stove, and
four cots. The stoves were stoked throughout the night by a watchman. The
camps had kitchens and a mess hall or tent where the men were provided
hardy meals prepared by a cook. The larger of the two camps, Stillwater
included several luxuries, such as electric lighting and a bathroom with a tub
and a stove to heat hot water, although water had to be brought from a spring
a mile away. With these few creature comforts at the camps, the men also
had to be vigilant, encountering a variety of dangerous wildlife daily. At the
Stillwater camp, linemen killed over 27 rattlesnakes.97
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At one point, the impassable swamps

Figure 24 – Plank roads and narrow gauge railways were built to transport supplies
and equipment to construction sites.

necessitated the building of a narrowgauge railway to carry supplies. And at

The men began their
day at eight o’clock
in the morning,
traveling by truck or
by foot to the right-ofway and tower sites.
Prior to construction,
the ground was
cleared of all trees,
rocks, stumps, and
underbrush the full
150-foot width of the
right-of-way. After
clearing the land,
four holes were
sunk into the ground
and the four tower
legs inserted as a
foundation. Steel
to build the towers
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had to be hauled over steep grades. The men
who built the towers, described as a “tough and
experienced lot,” faced challenges posed by
the environment. The path of the line extended
through “such a nightmarish array of swamp,
mountain, rock and ravine, especially in Sussex
County, that they called it ‘the cussed Sussex
link.”’ When trucks were unable to haul the heavy
lengths of steel to a tower site, dray teams of
mules, horses, and oxen, along with wagons, were
hired from local farmers to pack equipment in. So
difficult was the terrain that other measures had
to be taken:

another site, in Morris County, the linemen

Figure 25 – Topmen hanging steel on the Roseland-Bushkill line.

were obliged to haul the steel themselves
for the last 500 yards. Putting shoulders
and backs to metal, they carried an entire
100-foot tower, weighing 12 tons, piece by
piece, up hill.98

The towers were built about 1,100 feet apart,
or roughly five towers for every mile along the
route. After the foundations were set and the
“topmen had finished ‘hanging’ steel’ for several
miles,” the wire was laid out and hoisted up to the
“clipping-in” crews, who installed the insulators
and fastened the wire to them. Generally, a crew
of 12 topmen could build a tower in one and a
half to two days. The site was then cleaned; every
tower and insulator assembly was inspected; and
the line approved for service.99
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Inspection of the line involved “riding the line” in a “bos’n chair,” whereby the
inspector was harnessed into a seat suspended by a cable from a pulley on
the transmission line about 100 feet above the ground. A rope was attached
to the chair and passed through a pulley on the line and a pulley at the top
of the tower. The rope was then dropped to the ground and held by man
on the ground. The inspector would climb to the top of the tower, secure the
bos’n chair, sit in it, and then secure the safety harness. He would then slowly
slide down the conductor (electrical wire) following the downward sag in the
conductor. When finished, the man on the ground would use the rope to pull
the inspector back to the top of the tower.

Figure 26 – Boardwalk and rail line through the swamp at Troy Meadows.

Figure 27 – Inspector “riding the line” in a “bos’n chair.”

The two sections of the interconnection built by Public Service through New
Jersey met and were linked at the Roseland Switching Station located on a
19-acre parcel along the Passaic River in Essex County. Public Service built
and designed the new switching station and substation at a cost of $6 million.
Construction of the station was begun in the fall of 1927 and was completed in
April 1928.100
Roseland Switching Station was referred to as the “great center of
interconnection.”101 The Station served as the main switching center of the
high-voltage transmission lines of Public Service and served as the point of
contact for the interchange of energy through interconnection with the two
other power companies. Public Service transmitted power from its Roseland
Switching Station and Substation to its West Orange Switching Station, which,
at the time of the PNJ completion, represented the newest point of electrical
supply for Essex County.102
Figure 28 – Roseland Switching
Station.
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Switching stations had transformers for stepping down the voltage from the
transmission lines as well as oil switches and synchronous condensers for the
regulation of voltage and power factor.103 Roseland Switching Station consisted
of outdoor switching equipment that provided six high-voltage transmission
lines of the Public Service system with a 90,000-kilowatt transformer bank for
the Pennsylvania interconnection. The four largest transformers in the world at
that time were installed at Roseland Switching Station, each with a capacity
of approximately 30,000 kilowatts. The transformers were arranged in a bank
of three; the fourth reserved as a spare or backup unit. The transformers were
manufactured by the Westinghouse Electric and Manufacturing Company in
Sharon, Pennsylvania. They were so large that special freight cars had to be
built to transport them to New Jersey by rail. The Westinghouse transformers
gained notoriety in the United States and beyond as exemplified by an
Australian newspaper that carried the story:
World’s Largest Transformers
STRENGTHENING of bridges and the lowering of railroad tracks 18in. at
one point to permit clearance were necessary to transport the four largest
electric power transformers ever built from the Westinghouse Electric and
Manufacturing plant at Sharon, Pennsylvania, to Roseland, New Jersey,
near Newark…. Each transformer is 35ft. high, weighs approximately 300
tons, and requires a floor space 22ft. by 23ft. More than 32,000 gallons of
oil are required to fill each transformer. The transformers are rated at
220,000 volts, but were tested at 570,000 volts, the highest test voltage ever
applied to a power transformer. The core and coils in each transformer
contain 63 tons of laminations and 15 tons of copper windings. There are
more than 32 miles of wire in the copper windings in each transformer.
Winding capacity of the four transformers is sufficient to furnish power to
illuminate 6,000,000 40-watt incandescent lamps, the kind most popular
in home illumination in the United States.105

A building held the control room, a shop and oil handling facilities, and space
for a 30,000-kilowatt synchronous condenser.106 A synchronous condenser
adjusts voltage on an electric power transmission line.
Figure 29 – Crew at Roseland Switching Station next to one of the four largest transformers in the world at the time of its installation in 1932.
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TECHNOLOGICAL INNOVATIONS
Extending more than 200 miles in circumference, the interconnection formed
an electric pool of 2,250,000 kilowatts of power that was distributed among
the three companies. The agreement provided for the “largest pool of electric
power in the world—3,000,000 horsepower. No interconnection had ever
before been attempted for the transmission of such large blocks of energy by
independently operated companies.”107
Each of the utilities participating in the PNJ joined to provide innovative
solutions for the 220kV transmission system, an undertaking that PSE&G
president Thomas McCarter called “a pioneer achievement.”108 A group of
leading engineers performed a complex battery of tests in the new field of
applied mathematical-electrical theory to determine how to synchronize
power, to evaluate the possibility of high-frequency radio communications
between stations, and to learn the effect of lightning, wind, sleet, and snow
on the transmission towers and lines. Tests of insulators and other equipment

were also conducted in high-voltage laboratories.109 PSE&G provided innovative
solutions to the actual construction of transmission lines, particularly in difficult
terrain. Philadelphia Electric was instrumental in regulating the power along
the high-voltage system and is credited as “the first company to display before its
system operators’ graphic recorders of the output of its generating stations, total
system generation and system frequency.”110 PP&L was instrumental in setting the
standards for tower design, particularly in the northeastern United States.
Prior to the construction of the PNJ transmission ring, high-voltage transmission lines
were not able to withstand the ice storms common in the northeastern United States.
The added weight resulting from ice accumulation regularly toppled transmission
structures and brought down lines.111 Engineers realized that they would need to
overcome problems caused by significant winter storms and found “an elegant
solution” to the sleet and ice problem. This solution involved the modification of the
clamps normally used to hold the conductors firmly to the steel towers so that “under
the line loading and line breakage conditions experienced in sleet storms, the clamps
in the suspension anchor would slip and give the line slack, thereby keeping the tower
from being toppled.” Engineers A.E. Silver and A.C. Clogher explained that:
It was recognized that repair of tower failure is far more serious than repair of
a conductor failure and that a high-strength conductor of the order required, if
firmly attached to the supporting towers of sufficient strength to withstand the
unbalanced pull of one or more broken conductors, would cause these towers to be
excessively heavy and expensive. The conductor attachment therefore incorporates
a clamp designed with a grip adequate for any differential in tension in the
conductor while intact, but which will slip and relieve the tower at an unbalance of
tension well under that which would occur with the conductor broken.112

Figure 30 – Historical photo
showing lightning laboratory at
Wallenpaupack. PP&L, Electric
Bond and Share Co., and GE
conducted a landmark study on
lightning using the WallenpaupackSiegfried 220,000-volt line as
one of the major facilities for the
investigation.
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Alexander C. (A.C.) Clogher
Alexander C. (A.C.) Clogher was a civil engineer who worked for Electric Bond and Share Company (EBASCO) from 1909 through 1958. EBASCO was a holding company formed by General Electric in 1905 and originally sold shares of utility companies. Later known as EBASCO Services, it provided engineering consulting and construction services, including nuclear power plant design. Cogher worked primarily on the company’s hydroelectric projects, designing dams and power stations constructed
by Phoenix Utilities. Arthur E. (A.E.) Silver was an electrical engineer for EBASCO; by 1952 he had retired as an EBASCO executive. In 1951 Silver was awarded the
Lamme Award, a medal awarded to a member of the American Institute of Electrical Engineers for “meritorious achievement in the development of electrical apparatus
or machinery.” Established in 1924 by Benjamin Lamme of Westinghouse Electric and Manufacturing Company, this medal was awarded to Silver “for his pioneering of
rural electrification by designing the simplified farm-type transformer combined with high voltage, long span and common neutral line construction.”
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voltage electricity) were added to a 24-mile section of the Wallenpaupack
to Siegfried line, which reduced the trip-outs. By the time of the 1930 storm
season, buried tower footing grounding cables were also being added. PP&L’s
lightning study and its innovative solutions to environmental problems helped
to advance the “theory and science of high-voltage transmission networks in
the United States.”113
In 1928 PSE&G undertook the testing of a high-tension tower designed
by company engineers for the 220kV interconnection between Bushkill
and Roseland. Riter-Conley Company, which specialized in the design,
manufacture, and erection of steel plate products, such as transmission towers,
fabricated the tower, which was then shipped to the Windsor, Ontario, plant
of the American Bridge Company for load tests. In the field Public Service
conducted vibration testing on its transmission lines.

Figure 31 – Tower setup for vibration testing conducted by PSE&G, detail.

Figure 32 – Tower setup for vibration testing conducted by PSE&G.

Another milestone in high-voltage transmission line operation came through
a landmark study on lightning undertaken between 1926 and 1930 by PP&L
and other associated engineering firms. The study used the Wallenpaupack
to Siegfried 220kV line as one of its “major facilities for investigation,” and
a laboratory was set up at the Wallenpaupack Power Station. In a paper
presented by PP&L engineers Edgar Bell and F.W. Pack in 1942 before the
American Institute of Electrical Engineers (AIEE), the engineers explained
why “overhead ground wires tower-footing grounding” was determined to
be either cost prohibitive or not considered at all for the construction of the
original line. The Wallenpaupack to Siegfried line was not constructed with
grounding and the “line operated very poorly.” The line experienced 27
lightning trip-outs in 18 months and caused two transformer failures within
four months. In 1927 overhead ground wires (wires that are placed above
the conductors to divert lightning strikes from the conductors carrying high53
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Not only does the PNJ represent the first large-scale interconnection of its
kind in the United States, but it was also a model for technical innovations in
transmission line and tower design. The unprecedented size and scope of the
project required the three member utilities of the PNJ to provide innovative
solutions for tower designs, which later became industry standards. At the
time of its construction in 1929, the Bushkill to Roseland transmission line
received the industry’s top award, the General Electric Company’s Charles
A. Coffin Award, for innovative design and
technical achievements. In their coverage of the
award, Electrical World reported that the PSE&G
distinguished itself:

Figure 33 – General Electric’s
Charles A. Coffin Award.

…for outstanding achievement in creating
a system comprehensive enough to meet
present conditions, elastic enough to care
for the future, plastic enough to assure high
service reliability, economical enough to
provide such service under rate schedules
that stimulate use and provide reasonable
and fair charges to all classes of
customers—operated with full recognition
to public, employees, and stockholders.114
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