Grand Centrals
Restoration

The mechanical systems that were built to serve Grand Central Terminal constitute
an impressive engineering legacy. An ambitious restoration effort will upgrade
equipment for heating, ventilation, air conditioning, and fire suppression.

David Colley
Easton, Pa.

g or more than three
generations, the vast,
marble concourse of
New York City’s
Grand Central Termi-
nal has been a cross-
roads for commuters,
il travelers, and sightse-
ers. But the mechanical systems that
heat, ventilate, and air condition the
railroad station—while highly inno-
vative in their day—are badly worn
after 75 years of service. Though pri-
or efforts have been made to repair
parts of these systems, a thorough
reconditioning is now needed to en-
sure continued operation. .

In 1988, the process of moderniz-
ing Grand Central’s antiquated plant
began when the Metro-North Com-
muter Railroad Co., the agency that
operates Grand Central, let the first
of two design contracts that will ulti-
mately lead to a complete restoration
of the terminal. The mechanical por-
tion of this initial effort is being han-
dled by Goldman, Copeland, Batlan
P.C. (New York). The electrical en-
gineering is being completed by Carl-
san and Sweatt-Monenco Inc. (New
York). Architectural and structural
studies are being performed by
Beyer Blinder and Belle (New
York).

Grand Past

Grand Central Terminal opened in
1913, following 11 years of construc-
tion. It was built on the site of the
old Grand Central Station, which
was demolished. The new structure
was hailed by Scientific American as
a ‘‘Monumental Gateway to Ameri-
ca’'s Greatest City.”” Its facade has
three massive arches that are each
33 ft wide and 60 ft high. The build-
ing’s exterior is faced with granite
and Indiana limestone while the inte-
rior is marble, Caen stone, and con-
crete that has been dressed to look
like stone.

Grand Central’s most remarkable
feature is the concourse that rises to
a vaulted ceiling 125 ft above the
marbled floor. The ceiling is painted
to depict the constellations in the
night sky. Paul Helleu, the French
artist who painted the ceiling, re-
versed the heavenly configurations.
One theory is that he was given a
globe of the heavens and painted the
constellations as they appeared from
above the Earth, rather than below.

The concourse is illuminated
through massive side windows and
overhead skylights. Until 1988, the
skylights were obscured by black
paint that was applied as a precau-
tion against bombing raids during the
“‘blackouts” of World War II.

Grand Central’s facade is built
over an intricate steel frame that
supports the above-ground terminal
over a double-deck arrangement of

tracks below. Prior to 1913, incom-
ing trains were frequently backed up
awaiting platform space to unload
passengers. The problem was recti-
fied in the new terminal by creating
two levels, one for commuter trains
and the other for long-distance
trains. Arriving commuter trains de-
scended a slight incline to the ‘‘sub-
urban’’ level to discharge passen-’
gers. An underground loop system
also was constructed to enable in-
coming trains to circle around and
head back out under Park Avenue.
Park Avenue was formerly an open
cut for tracks that was traversed by
the east-west cross streets.

In its heyday in the 1930s and
'40s, Grand Central received and
dispatched an average of 600 trains
each day and absorbed hundreds of
thousands of passengers. In 1939,
more than 38 million passengers
passed through the station, many on
their way to the World’s Fair. On
July 3, 1947, the number of passen-
gers using the terminal set an all-
time daily record of 252,288.

In the postwar years, however,
the airplane and automobile began to
supplant the train as Americans
found flying and driving faster and
more convenient. With the decline of
the railroads came efforts to destroy
Grand Central. In 1968, the Penn
Central Transportation Co., which
owned Grand Central, proposed a
55-story skyscraper that would tow-
er over the station’s concourse.
Preservation groups rallied to save
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the terminal and eventually succeed-
ed in having it declared a New York
City landmark. It was saved from
destruction, but time, use, and ne-
glect, which continued to erode the
building, created the need for the
current restoration effort.

Impressive Engineering

The mechanical systems that were
built to serve Grand Central consti-
tute an impressive engineering lega-
cy. The original source of utilities for
the terminal was a power plant locat-
ed on 50th Street between Park and
Lexington avenues. (Grand Central
covers an area from 42nd to 43rd
streets between Vanderbilt and Lex-
ington.) The 50th Street plant was
equipped with 14,600-hp, coal-fired,
water-tube boilers, which produced
steam to drive turbines that generat-
ed dc power.

The ground level of the plant
housed the pumps, compressors,
and electrical equipment. A second
double-height level contained the
boilers. Coal bunkers were on a third
level. Coal was lifted to the bunkers
by crane or conveyor. Coal con-
sumption was some 200 to 300 tons
per day.

Exhaust steam from the turbines
was used to heat water in five shell-
and-tube, hot-water converters.
These same heat exchangers are still
in use at Grand Central’s 43rd Street
Service Plant, which supplies the
terminal’s utilities today. Seven mo-
tor-driven pumps circulated the hot
water to the terminal and neighbor-
ing buildings. The system had suffi-
cient capacity to supply the needs of
6000 to 7000 homes.

The plant also had twp steam tur-
bine-driven compressors with capac-
ities of 1000 and 2000 cu ft/min.
These provided compressed air for
the operation of mechanical equip-
ment, train brakes, and the termi-
nal’s pneumatic tubes, which were
used for handling baggage checks.

Two steam-powered and one elec-
tric fire pump were also in use. They
provided a total of 3500 gal/min to a
system of fire-hose racks located
throughout the terminal and train
room.

By 1918, the number of new build-
ings near Grand Central necessitated
the construction of a second boiler
plant at 43rd Street and Lexington
Avenue. A 100-ft deep, 225-ft long,
60-ft wide section was carved out of
solid bedrock to house the four-level
plant. The roof of the plant became a
private street that was an extension
of East 43rd Street.

The plant’s lowest level was used
for ash collection and handling, the

next level contained the boiler room,
the third level accommodated the
meter room,-and the highest level
housed the coal bunkers.

The boiler room stack was incor-
porated into a corner of the Commo-
dore Hotel, which was built during
[918-19. Coal was dumped into
street manholes and fed by gravity to
automatic chain grates which fed the
boilers. Bottom ash was mechanical-
ly lifted to an overhead conveyor
system that loaded the ashes into
train cars running on the station’s
loop tracks.

The 43rd Street plant was built
with space for six 1400-hp boilers.
Two boilers were originally installed
to provide steam for the Commodore
Hotel; they also supplied the Chat-
ham and Paterno apartment build-
ings, which were built later. One of
the 1400-hp boilers was a standby
unit. It had a piping connection to
the 50th Street plant that allowed it
to serve as a backup.

In March 1929, the New York
Central Railroad decided to demol-
ish the 50th Steet plant to make way
for the Waldorf-Astoria Hotel. Heat-
ing, electrical generation, and other
plant equipment—with the exception
of the boilers—were moved to a ren-
ovated 43rd Street Plant. At that
time, the boilers at 43rd Street were
demolished, and New York Central
contracted with the New York
Steam Co. (later Consolidated Edi-
son of New York Inc.) to provide
steam.

A new ventilation system was de-
signed to serve the 43rd Street facili-
ty. ‘Air was drawn from the train
room and from a shaft that terminat-
ed near the 10th floor of the Graybar
building and was exhausted up the
old boiler stack.

A refrigeration plant was also
built. A cooling system with a capac-
ity of approximately 3 tons used
chilled brine to service soda foun-
tains and ice cream stands in the
station. Heat was rejected to the
train room through air-cooled con-
densers. Drinking water was cooled
with an electric compressor.

Restoration Effort

The primary focus of recent work
on the restoration project has been
to document existing conditions.
This task has been likened to a sort
of archeological dig for mechanical
engineers, because most past repairs
or physical alterations to the termi-
nal were largely undocumented.
Goldman, Copeland and Carlson and
Sweatt have attempted to locate as
many old documents as possible, but
they had to make many new flow

David Sailors

diagrams of existing vents and pipes.

All told, Goldman, Copeland has
produced over 100 drawings of exist-
ing conditions and has slowly devel-
oped up-to-date diagrams of the ter-
minal’s inner workings. All drawings
have been transferred to a CAD
system.

Information gleaned from these
drawings will be used as a basis to
develop plans for the next step of the
restoration process. Though no firm
budget has been set by Metro North,
Goldman, Copeland estimates that
the mechanical restoration work
alone could cost $60 million with an-
other $50 million for the electrical
work. Goldman, Copeland has as-
sessed the possible mechanical res-

50 / JUNE 1990 / MECHANICAL ENGINEERING




il'

n;ﬂllll!!l@@a |
T lll
-ul!"Em

T e

u!iiﬁ ﬁ

Te f.l»- - ooy,

mua{m&%
b it

‘ "m“ -;.H% _.:f'-

Monumental. Grand Central's concourse rises to a vaulted ce:img 125 ft above the marbled floor. In its heyday in the 1930s and '40s, an average of 600
trains per day entered and left the terminal. Currently, more than 500,000 people pass through the station daily. . :

torations in four areas: heat, chilled
water, ventilation, and fire
suppression.

Direct Steam

In Grand Central’s service area,
“several levels below the street, an
array of old steam converters still
operates, taking steam from Consoli-
dated Edison (Con Ed). The convert-
ers produce hot water, which is then
pumped by nine antiquated steam
turbine pumps throughout the termi-
nal and to three nearby buildings via
a very old piping system that once
serviced 11 buildings. (The system
must provide heated water at three
different pressures, with the highest
pressure hot water being used to

heat the taller buildings around
Grand Central.)

Goldman, Copeland has proposed
a new system that would heat Grand
Central directly with Con Ed steam,
instead of through hot water con-
verters. The old converters would be
removed and a new piping system
would be installed to send steam
heat throughout the terminal.

Chilled Water

The Con Ed steam would also
drive new high pressure, two-stage,
absorption water chillers that would
make use of steam during peak elec-
trical demand. Electric chillers
would be used during off-peak hours
when electricity is less expensive.

One economic incentive for this pro-
posal comes from Con Ed, which is
eager to reduce demand for its own
electricity, in the form of rebates
that would add up to half the cost of
the new steam chillers.

The chillers would be connected
to an existing set of pipes installed in
the 1940s and ’50s. These pipes
would send the 45° F water around
the terminal to provide air condition-
ing. The present air conditioning
chillers cannot handle the terminal’s
needs. (Evaporative cooling spray
coils from the turn of the century
can still be seen—although they are
not in use—in the large ventilation
ducts which circulated the *‘cool”
air.)
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There are limitations, however, to
the amount of air conditioning Grand
Central can produce because of its
limited roof space. Charles Cope-
land, a principal at Goldman, Cope-
land, estimated that the total avail-
able cooling capacity is about 3600
tons. As much as 2000 tons of this
amount may be required to com-
pletely cool the terminal and shops
in and around the concourse.

Fresh Air

When Grand Central was first
opened, air was circulated through
the lower train room by drawing it
from the train shed which opened to
fresh air directly above. Parts of the
terminal also were—and still are—
ventilated by gratings in the side-
walks. This method of ventilation
was acceptable in the era of the
horse and buggy, but is potentially
hazardous today because of the pol-
lution from automobile exhausts.
Copeland said Goldman, Copeland is
studying new sources of fresh air to
reduce the contaminated air that cur-
rently circulates throughout the
terminal.

Goldman, Copeland was surprised
to find that the majestic interior col-
umns in the station’s concourse are
hollow. The columns were specifi-
cally designed as air shafts, but have
never been used. This affords engi-
neers ample room for moving air
around the above-ground terminal
without having to consider new vent
systems. New vents would require
permission from the New York City
Landmarks Commission, which
must ensure that the restoration does
not affect Grand Central’s original
architecture.

Goldman, Copeland has also pro-
posed a system of fans in the train
room that will exhaust and circulate
fresh air. The fan systems could also
be used to control smoke from the
occasional fires that break out in this
subterranean area.

Fire Prevention

The threat of fire is an important
concern. A recent small fire in the
train room created smoke so dense
that it hampered firefighters’ efforts.
The proposed exhaust fans, working
in conjunction with a series of smoke
zones, would help prevent smoke
from enveloping the entire area. The
exhaust system would also be effec-
tive in drawing off the various fumes
that collect in the below-ground
work areas.

At present, air is circulated to the
terminal’s lower levels by a variety
of old dc and 25-Hz ac fans. In the
proposed restoration, all of these

Computer breeze. To get a handle on the terminal's inner workings, mechanical engineers Goldman,
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Copeland, Batlan produced over 100 drawings of existing conditions and transferred them to a GAD
system. This Autocad simulation of airflow in and out of the terminal was used in the analysis and design

of new ventilation and smoke control systems.
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re are restrictions on the amount of air conditioning Grand Central can produce

because of its limited roof space. In the proposed renovation, the old cooling towers (partially visible at
fop) will be removed to allow better natural lighting through the main concourse skylights and windows.

fans would be replaced by modern
60-Hz ac models.

The 75-year-old air compressors
used to supply air to the ejectors that
force sewage from the terminal’s
system into the city’s sewers would

also be replaced by new
COMPressors.
Tight Budgets

The new mechanical system

would be completely monitored from
a central control area equipped with
electronic sensors and computers.
The sensors would menitor outdoor
and indoor weather conditions and
determine when to increase heat or
add chilled air. The fire control sys-
tem would respond automatically to
any fire emergency and have the

ability to control the exhaust and
supply fans.

If tight municipal budgets allow
their completion, the proposed me-
chanical improvements to Grand
Central should keep the terminal go-
ing well into the next century. A
clear picture of how uses of the ter-
minal may change in the years
ahead, however, has not yet
emerged. These, too, largely depend
on budget constraints. One proposal,
according to Copeland, is to create a
major transportation center for New
York that would be designed to at-
tract not only regular commuters,
but also tourists, city residents, and
airline passengers who could pur-
chase tickets at the station and then
take trains to area airports. ]
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