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OVERVIEW

The World Trade Center is one of the most prominent commercial real
¢state complexes in the world and a halimark of the Manhattan skvline.

This document discusses many of the physical characteristics of the
complex. various protection and risk control aspects and some of the
potentially catastrophic incidents that might occur.

The discussion focuses on the following components of the complex:

¢ The two 110-story office towers (One and Two World
Trade Center)

* The office portion of the two nine-story buildings (Four and
Five World Trade Center

¢ The retail area of the World Trade Center. referred 1o in the
report as the Mall which consists of retail space located on
the Concourse level

¢  The Subgrade space. which consists of six basement. levels
(B-1 through B-6) that project about 70 below the
Concourse.

it is estimated that 50,000 people work in the World Trade Center and
that 150.000 commuters’ travel through the concourse to access Path and
MTA subway trains, on a daily basis. Annually approximately 2 million
tourists visit the Observation Deck.

Much of the discussion of the physical characteristics has been taken
from documents developed by the Port Authority's real estate advisors.
The loss estimates (PML's and MFL's) outlined in the report are
predicated on conventional risk control conventions of the major HPR
underwriters,
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Building areas:

The total building area is 11,181,708 square fest and can be broken down as follows

Stories/ Year "~ Gross

levels Built sq. ft.

One 110 1970 4,761.416
Two_ 110 1672 4761416
Four 6 1977 462.738
Five 6 1975 : 581,238
Subtotal - offices 10,566,808
Retail 3 1970 614,901
Total 11.181,709

The tozal Subgrade area is 2,656,435 square feet and can be broken down as follows:

Gross area 2,656,435
Open area (266,963)
PATH use (422,337)

Net area 1,967,135

Parking area (633,575)

Usable area 1.333,560

Operations area’ (810,143)

Leasable area ' 523,417
Occupied as of 5/31/00 27%.700
Unoccupied as of 5/31/00 79,217
Port Authority 164,500

Operations area includes truck docks and platforms, mechanical equipment
rooms, refrigeration plant, and vertical penetrations

Construction detail

The Subgrade was constructed after a massive excavation project removed 1,200,000
cubic yards of fill from the site. The fill was placed into the Hudson River and also used
to create 23 acres of the 90-acre Banery Park City complex an which the World Financial
Center was constructed.

The structural columns continue down to subgrade level B-6 where they are
connected to grillages on concrete piers or rock. The caissons are large circular
foundation supports set in bedrock to anchor the structures. The foundations are
connected to a large concrete slab, which forms the lowest basement floor. The
Subgrade consists of six basement levels of columns and slabs.

One and Two World Trade Center contain perimeter columns and beams which form

a closely spaced rigid frame of steel that runs the full height of each buildng. There are
ngid frames on each of the four sides of the lower that act together as a tube. This exterior
tube can resist the effects of gravity and wind. Wind load was determined on the basis of a
wind tunnel laboratory test. ‘
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steel floor trusses. The stairwells, bathrooms, equipment rooms and elevator shafts

Typical office floor

Dead loag Approxjmately 60 psf
Live load 100 psf reducible

The extarior walls of One and Two World Trade Center consist of reflective floor 1o
ceiling windows tightly fitted between anodized aluminum ang steel columns, The
extenor facade of Four and Five World Trade Center consists of black-anodized
aluminum and glass.

A flat roofing system, depending on building consists of built-up assemblies with tar
and gravel cover or concrete slab.

Tower and Plaza building ceiling heights

Ceiling Height
Floor One World Trade Two World Trade
MER 7/8 : 24' 0" 24' 0"
40 14' 0" 14' 0"
MER 41/42 28'0" 28'0"
43 14'0" 12'o"
44 14°0 14'0"
67 160" 12' 0"
74 14' 0" 14'0"
MER 75/76 28'0" 280"
78 14'0" 14'0"
106 144" 14' 4~
107 176" 17' 6"
MER 108/109 25" 10" 25" 10"

Note: ]| WTC IS six feet taller than 2 WTC
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The Port Authonty The Plaza, Concourse. and Subgrade levels have the followag c2iling
heights measured slab-to-slab:

Plaza, Concourse, and Subgrade level ceiling heights

Plaza 58' 0" for the | and 2 WTC lobbies above
mezzanine
15° 0" for 4 and S WTC

Contourse 220"

Subgrade B-1 16' 0"

Subgrads B-2 through B-4 10°0°

Subgrade BS and B-6 110"

Coiumnr: spazing One and Two World Trade Center are virtually column free, while Four and Five World

Trade Center have 50-foot-on-center column spacing and 30-foot-by-30-foot bays.

Bindows. The windows are nearly floor to ceiling strips berween aluminum columns,
measuring seven feet eight inches in height and one foct ten inches in widzh. The -
windows of One and Two World Trade Center are washed by wash robots which run
on tracks along the perimeter from the roofs and in the facade of the towers. Four
and Five World Trade Center window washing is performed by cleaners with the use
of a mechanical scaffold.

Loazing docks Loading facilities are provided via Barclay Street and staffed by a security guard.
The access ramps lead to the Subgrads, where loading docks are providsd on level B-
1. These loading docks consist of 40 bays, which can accommodate large trailer
trucks up to a maximum height of § 1 feet, S inches on the main truck dock, and 10
feet 6 inches on the lower truck dock. There are 17 bays on the main truck dock level
and the balance are on the lower dock. There are also some van spaces. Seven of the
truck bays are equipped with compactors, accommodating approxumately 230 vards
of refuse. None of the bays is equipped with hydraulic lifts.

Mechanical detail

Heanng: The heating system consists of a perimeter, two pipe induction system and hot water
baseboard convectors, both of which have local zone temperature controls. The
Complex purchases high-pressure steam from Con Edison. It is distributed to the
Complex via steam meter rooms located in the Subgrade. High pressure steam enters
the Subgrade on level B-6 and is reduced to low-pressure steam tbrough-a series of
regulating valves. Low-pressure steam nisers carry the steam to the MERs in each
building, where the steam is then distributed to each zone's heat exchangers and air
handling units/far) coils. The beat exchangers convert the steam's energy to the
recirculating water. The heated water is then pumped to the fin-tubed heating
elements by individual constant volume hot water pumps to the various zones in the
World Trade Center. Each system contains a redundant heat exchanger, as well as
pumps for back-up duty. The hot water supplied temperature for each of the zones is
automatically reset and maintained according to outdoor temperature conditions.
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The automatic control valves which regulate the heat output are sequenced to operate wrh
the overhead supply constant air volume systems. There are approxumately eight

. beating zones (four inenor, four penmeter) per floor in One and Two World Trade

Center and five heating zones in Four and Five World Trade Center (three interior,
two perimeter).

Steam disrribunon svstem

High:pressure (125 psig munimum) steam is purchased from Con Edison steam is
delivered to the World Trade Cemter via a distribution main which runs under
Greenwich Street. From the main, steam is Piped from the B-1 level into the steam
meter room located on elevation 242 feet. From the steam meter room, 1t is piped via
redundant risers to pressure-reducing valve ("PRV") stations located in the MERs n

. One and Two World Trade Center on floors 7,41, 75 and 108. There is one dual

path (high demand/low demand) PRV station located in each MER. The low
pressure side of the PRV stations serves the beating coils in the air conditioning
supply units and the secondary water systems in each respective MER. Steam
condensate is collected via a system of drains and pipes under the floors of each
MER and carned via the low-pressure retum ("LPR") risers to the next lower MER.

In the lower MER, the Condensate is utilized by the domestic hot water preheaters,

collected again, and piped to the main condensate collection tank on elevation 242
feet. Flash tanks, provided in each MER. flash the high- and medium-pressure
condensate into low-pressure steam, which is recovered and piped into the low
pressure sieam distribution system. Condensate is then drawn to the B6 condensate
tanks. At this pownt it can be pumped to the 289 MER in Four World Trade Center
and used again in the domestic water preheat tank and interior reheat system.

Chilled water distribunion system

The chilled water for cooling coils and secondary water coolers is supplied to the various
MERs via two chilled water riser systems. For One and Two World Trade Cemter, one system
supplies the low zone, which includes the 7th and 41 st floor MERSs: the second system serves
the high zone, which includes the 75th and 108th floor MERs. Branch piping for each MER.is
tapped off the chilled water supply and retum risers. A pressure differential bypass assembly
is provided in each MER. The function of this bypass is to compensate for variations in
demand ou the chilled water supply by the cooling coils and secondary water coolers, thus
maintaining a consistent differential pressure between supply and retum,

Hudson River water :

Water pumped from the Hudson River supplies the complex with redundant

condenser water via heat exchangers. The pump house for Hudson River water is

located adjacent to the Battery Park City Boat Basin approximately one-haif a mile

from the World Trade Center. The pump house has two intake tunnels with two

screen chambers. The north and south chambers contain four turbine pumps, each
Pproducing 13,000 to 19,000 gpm via 600-hp and 900-hp 2,300 vok motors,

respectively. The water is then pumped via two main pipes, one 60-inch pipe and the
newly installed 66-inch pipe, o the chiller plant on'levels B-5 and B+6 and the

computer cooling water system on levels B-3 and B4 of the Subgrade. The cooling system for
the Complex is based upon a chilled water and condenser water circuit system. The chiller

plant provides chilled water at a temperature of 38 to 54 degrees Fahrenheit. Condenser water
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is at a temperature range of 80 to 90 degrees Fahrenheit Chilled water and condenser water
are provided directly to centain tenams based upon their individial needs at addruoral cos:

Secondarn: water sysiems

In One and Two World Trade Center, secondary water svstems for the perimeter inducuon
unrts are provided by 12 independent systems, typically zoned North and West or South and
East. Each system Consists of a steam-to-hot water converter to generate heating water, a
cooler (heat exchanger), two circulating pumps (one standby) and 2 differential pressure
bypass. Depending on the season, heated or cooled water is produced 11a the converter or
coolerand distributed by the circulatng pump to the induction units.

Condenser water system

The condenser water systems provide the medium by which the various t=namt supplemental aurr
condrioning systems release their rejection heat. These systems are sumilar to tenant condenser
water systems m a typical office building.

The cooling water for these systems is provided by use of river water through heat exchangers
located in various machine rooms in the subgrade levels. Condenser water is pumped io a
cascading fashion between systems of plate-and-frame and/or shell-and-tube heat exchangers

 located in mechanical spaces in One and Two World Trade Center. A typical system has two

heat exchangers and two pumps (one standby). Cooling water is distributed as required by the
pumps through risers to the vanous floors.

There are 10 of these systems throughout the complex. For example, System No. 2, which
serves floors 43 to 108 in One World Trade Center, is provided with cooling water by Primary
System No. 1. This system has an operating temperature range of 85 degrees to 95 degrees
Fahrenheit, and consists of two she!l-and-tube heat exchangers, two plate-and-frame beat

" exchangers and four circulating pumps. The circulating pumps and heat exchangers are sized

to handle 1,400 gpm each. This system is configured to operate as two separate circulating
loops. The two shell-and tube heat exchangers and two circulating pumps serve one loop, and
the other two pumps and the two plate-and-frame heat exchangers serve the second loop. Only
one pump and one heat exchanger in each loop is required to operate at a time.

Air conditioning system :

Core areas, consisting of the elevator lobbies, toilets and associated circulation spaces, are air
condrtioned by means of cemrally located constant volume air conditioning systems. There are
no retum fans directly associated with these units. These systems provide make-up air for the
toilet exhaust systems via door louvers In addition, these systems provide ventilation makeup
air to the various elevator machine rooms. Air is directly exhausted from the machine rooms
and is not returned or recirculated within the room. '

Interior office areas extending from the building core to a distance of 15 feet from the exterior
walls are air conditioned by means of centrally located constant volume air conditioning
systems. Each system supplies one quadrant (Southwest, Southeast, Northwest, Northeast) on
mukiple floors. Each system is interlocked with multiple retum fans. Air is distributed to the
floors via ventical risers. A constamt volume air pressure regulator is provided at each office
floor tap into the respective riser. The hung ceilings are utilized as retum air plenums. Retum
fans are provided and imterlocked with the respective supply systems. Only interior and
penumeter fans are interiocked with return fans.
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The perimeter offices or open office areas extending from the exzerior wall for a distance of 1¢
feet are conditioned by means of two pipe induction units located below the sill of the
windows. Induction units utilize a combination of tempered high-pressure air (primary air) anc
erther heated or cooled water (secandary water) to provide cooling or heating. The prymary air
induces the flow of room air across the coil through which the secondary water is flowing. Ths
induced air is either heated or cooled, depending upon the temperature of the secondary water
flowing through the coil. The mixture of primary and induced air 1s thep discharged to the
room via the grilles on the top of each unit. The function of the primary air is to provide
veatilation and dehumidification to offset the latent loads of the area served, and to provide the
mouvating force for the induction and circulation of the room air. The function of the
secondary water is to offset the relevant heat gains or losses in order to regulate the room
temperature. The mduction units are coatrolled by poeumatic thermostats which measure
rerum air and control pneumatically actuated secondary water control valves to maintain room

temperature.

The primary air is fumnished by centrally located, constant volume air condrtioning systems.
Each system supplies one exposure (North, South, East, West) of muhiple floors. Each system
is interlocked with multiple rerum fans. The distribution of air is via vertical risers in the core
shafts and horizontal feeding ductwork in the hung ceilings directly below the induction units.

Miscellaneous systems

Centrally located air conditioning svstems are provided for the public areas of the
building, including the vanous lobbies and the observation deck and for the elevator
machine rooms. '

The cemral plant refrigeration plant on level B-$ contains numerous chillers ranging in size
from 13.8 kV 7000 ton units (7 of them) to 2.3kV 2500 ton units (2 of them) and 10 CHW
pumps rangmg i size from 5,250 gpm to 10,500 gpm.

The 1993 chiller plant addition at the B-6 level (elevation 242) was installed to
provide 10,000 tons of additional cooling capactty. The addition consists of five
2,500-toan centrifugal machines with 4.16 kV electric driven compressors and five
400 hp, two 100 hp, variable speed 4.16 kV pumps and two 100 hp, variable speed.

The chiller plants have a total capacity of 59,000 tons plus two paralle! 2,500-ton drive lines
with 17 CHW pumps generating between 3,000 gpm and 10,500 gpm. :

The cemtral plants condition water to the average requirement in the complex which includes
One, Two, Three, Four, Five, and Six World Trade Center, and the Concourse and Subgrade.
Secondary units, either fan coils or induction units, make final zone adjustments which are
served by chilled water and condenser water circuitry from the central plants. The system is
based upon a complex serie: of hot and chilled water pipes, condenser water pipes, main air
returs ducts and main supply ducts. In addition to the large mechanical equipment and
refrigeration rooms on levels B-5 and B<6 of the Subgrade, there are eight MERs, each two
floors in height, serving zones one through six of One and Two World Trade Center along with
two MERs located on the ninth floors of Four and Five World Trade Center. There are also
two MERs on level B-6, which serve One and Two World Trade Center, and two MERs oo
subgrade elevations 289.5 and 285.5 serving Four and Five World Trade Center and the
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Concourse. Each MER contains water pumps for the hot and chilled water and condense:
water system, veatilation ducts, exhaust fans, electric distribution panels and elevato; hois
motors.

The central air handling systems for the Complex consist of air handling unnts located
within the 16 MERs. Those not located in MERS include transfer fans, exhaus: fans
and garage ramp beaters in the Subgrade. The air handlers coasist of heating
ventilation and air conditioning (HVAC) svstem units, coils and fans.

One and Two World Trade Center contain central air handling systems in the five MERs (B-6,
7. 41, 7% and 108), and house five types of unnts- peripheral, intenor, core, elevator machine
room, and electrical substation units, along with retum and exhaust fans. The penipheral and
intenior units distribute air on a quadrant basis; the core units serve the elevator core 1 two
secuons.

Four and Five World Trade Cener comain cemtral air handling systems MERS on the ninth
floor and in the Subgrade. The ninth floor MERs house penpheral, interior, and core air
handling unnts and retum and exhaust fans that serve the third to ninth floors. The below grade
MERs in Four and Five World Trade Center (289.5 and 285.5, respectively) serve the public
spaces, Plaza and Concourse. In addition, they house auxiliary service outdoor units that serve
the concourse mall tenants by providing conditioned outdoor air to the air handling units within
the tenant spaces. There are also small MERs on the third floor of Four and Five World Trade
Center.

The Subgrade is serviced by One and Two World Trade Center MERs from B-6, with main
supply air. The subgrade contains a senes of transfer fans, exhaust fans and unit heaters.

The Power Authortty of the State of New York ("NYPA") is the sole supplier of

electric power and energy to the World Trade Center. NYPA supplies the electricity

under contract to the Port Authorty for the Port Authority’s own use and for

redistribution to tenants. The Port Authority does not purchase electricity for the

Marriou World Trade Center Hotel (Three World Trade Cenzer) or Seven World

Trade Center. Electricity for the World Trade Center is obtained from the main substation,
maintained by Con Edison and located on Barclay St. and West Broadway under

Seven World Trade Center. The substation supplies the World Trade Center through

eight 1,200 ampere 13.8 kV feeders. The 13.8 kV feedars are distributed through the

World Trade Center from the main power distribution center on the B-3 level to 25

Port Authority owned and operated substations and two refrigeration plants located
throughout the World Trade Center. All of the transformers in the 25 substations are dry-type
transformers. Electncity is sufficient on most floors of the World Trade Center to provide 10
watts per usable square foot with primary and secondary voltages of 480/277 volt, three phase,
four wire and 208V/120 volt, three phase, four wire, respectively via a Bus Duct system in the
towers. The 10 wans per square foot capactty is more than sufficient for lighting receptacles
and supplemental HVAC installations.
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Supplemental HVAC typically takes the form of localized electrically dnven water

cooled units which are required when demand exceeds 4 10 4.5 waus per square foot

In addition, certain tenants require that their computer operatians be maintained at low:
temperatures 24 hours a day requiring the installation of electrically driven water-

cooled units. The World Trade Center is served by two backup systems: (1) stand-by generazo-
systems on level B-6; and (2) tertiary power from Public Service Electric and Gas (PSE&G )of
New Jersey which can, in the event of an emergency blackout by Con Edison and failure of the
emergency generator plant on B-6 level, pick up selected life safety and egress loads. The
teruary power feeder from PSZ&G is delivered via a tap 1o the PATH feaders run through the
PATH tunnel under the Hudson River 10 the World Trade Center. In addition. certain tenants
are tied imo a tenam standby power svstem, which consists of four 2,200 kw Caterpillar

13 8 kV' dizsel generators. In the furure, this will be expanded 1o six generators. The generator
plamt 1s located on the roof of Five World Trade Center. Power is distributed at 13.8 kV to
vanous stand-by power substations located in selected MER rooms. Stand-by power is provided
1o cenain tenants on a recoverable basis.

The stand-by generator system consists of six 1,000 kW Waukesha Diesel generators located on
level B-6. The total plant capacrry is at 277/480 volts three phase. All six generators feed into 3
common distnbution bus, called the Left and Right Main Distribution Boards. From the Left
and Rught Main Distribution Boards power is fed directly to the Emergency Power Centers
("EPCs") of One, Two, Four, Five, and Six World Trade Center. EPCs are comprised of one or
more air circurt breakers and two automatic transfer switches. EPCs also supply power to the
elevator transfer switches for controlled emergency evacuation of elevator passengers. The
stand-by generator will start automatically only when power to the emergency lighting panels
fails. :

The plumbing system for the World Trade Center 1s typical of other Manhatian office
“buildings with steel, copper and cast iron piping throughout the World Trade Center.
Restrooms for men and women are located on each floor of the World Trade Center
and wn the Coacourse and Subgrade. o

The gravity sanitary system consists of soil and waste stacks and vent stacks which
serve the plumbing fixtures, mechanical equipment, floor drains and kitchen
equipment on the various floors in the building. The gravity system drans to the
building drains to a large concrete pipe on the B-1 level, which connects the 30-inch
sanitary line on B-1 to the, New York City sewer system. '

The plumbing fixtures, mechanical equipment and floor drains located below grade drain to the
various sewage ejector pits located on level B-6. The pump discharge from the ejector pumps is
connected to the building drains, after the house trap, at the building wall.

Roof drains and leaders convey the storm water by gravity to the various building drains,
located on level B-1, which connect to the 36-inch storm wanch dran that discharges into the
Hudson River. The subsurface water and the machinery drips are drained into the various sump
pits located in level B-6. The sump pumps discharge the clear water into two 36-inch storm
water drains on level B-1. ‘
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