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OVERVIEW

The World Trade Center is one of the most prominent commercial real
estate complexes in the world and a halimark of the Manhartan 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:

o The two | 10-story office towers (One and Two World
Trade Center)

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

e 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

e 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 1o 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 buiding area 1s 11,181,708 square feet and can be brokes down as foliows

Stories/ Year "~ Gross

levels Built sq. ft.

One 110 1970 4,761.416
Two_ 110 1§72 4,761,416
Four 6 1977 462.738
Five 6 1975 : 581,238
Subtota! - offices 10,566,808
Retail 3 1970 614,901
Total 11,181,709

The total 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 5/31/00 279.700
Unocsupied 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 Bauery 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 building. There are
nigid frames on each of the four sides of the lower that act together as a tube. This extenior
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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Three feet.

lo One and Two World Trade Center, the concrets slabs are typically four inches
thick with the exception of floors 7, 9, 41, 43, 75, 77, 107, 108, and 110, which are
eight inches thick. Each floor is bridged by approximately three-foot deep structural
steel floor trusses. The stirwells, bathrooms, equipment rooms and elevator shafts

are center core, allowing windowed offices.

Typical office fioor

Dead load Approximately 60 psf
Live load 100 psf reducible

The extenior walls of One and Two World Trade Center consist of reflective floor to
ceiling windows tightly fitted between anodized aluminum and steel columns. The
extenor facade of Four and Five World Trade Ceunter consists of black-anodizad

aluminum and glass.

A flar roofing system, depending on building consists of built-up assemblies with tar

and gravel cover or concrete slab.

Ceiling heights in the office areas are rypically 12 feet slab-to-slab and are typically
eight feet, eight inches firushed floor 1o finished ceiling. One, Two, Four, and Five
World Trade Center have 12 foot slab-to-slab ceiling heights with the following

exceptions, which include mechanical equipment rooms ("MERs"):

Tower and Plaza building ceiling heights

Ceiling Height
Floor One World Trade Two World Trade
MER 7/8 : 240" 24' 0"
40 14' 0" 14' 0"
MER 41/42 28'0" 28' 0"
43 14'0" 12'0"
44 14°0 14' Q"
&7 16 0" 120"
74 14' 0" 14' 0"
MER 75/76 28'0" 280"
78 14' 0" 14' 0"
108 14' 4" 14' 4"
107 17' 8" 178"
MER 108/109 25 10" 25 10"

Neote: 1 WTC is six feet taller than 2 WTC
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The Port Authonty The Plaza, Concourse. and Subgrade levels have the following ceiling
heights measured slab-to-slab:

Plaza, Concourse, and Subgrade level ceiling heights

Plaza 58' 0" for the 1 and 2 WTC lobbies above
mezzanine
15° 0" for 4 and 5 WTC

Contourse 2'0"

Subgrade B-1 16'0"

Subgrade 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 30-foat-on-center column spacing and 30-foot-by-30-foot bays.

Windows. The windows are nearly floor to ceiling strips between aluminum columns,
measuring seven feet eight inches in height and one foxt ten inches in width. 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.

Loaging 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 providad on level B-
1. These loading docks consist of 40 bays, which can accommodate large trailer
trucks up to a maximum height of i | feet, 5 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 approximately 230 vards
of refuse. None of the bays is equipped with hydraulic lifts.

Maechanical 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 risers carry the steam tothe 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 beat 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 opera:2 wrh
the overhead supply constant air volume systems. There are approxumately eight

. beating zones (four imenor, four penumeter) 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 disrribunion system

High:pressure (125 psig rmunimum) steam is purchased from Con Edison steam is
delivered to the World Trade Center via a distribution main which runs under
Greenwich Street. From the main, steam is piped from the B-1 leve] into the steam
meter room locatad 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 in

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

path (high demaod/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 return ("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
condsnsate into low-pressure steam, which is recovered and piped into the low
pressure steam distribution system. Condensate is then drawn to the B-6 condensate
tanks. At this point it can be pumped to the 289 MER in Four World Trade Center
and used again in the domestic water preheat tank and imerior reheat system.

Chilled water distribunion system

The chilled water for cooling coils and secondary water coolers is supplied to the various
MERSs 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 MERs: 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 nisers. A pressure differential bypass assembly
is provided in each MER. The function of this bypass is to compensate for variations in
demand oa the chilled water supply by the cooling coils and secondary water coolers, thus
maimaining a consistent differential pressure between supply and retumn.

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-half 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
‘producing 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, to 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 chilied 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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(4,

is at a temperature range of 80 to 90 degrees Fahrenheit Chilled water and condenssr water
are provided directly to certain tenams based upon their individual needs at addruoral cost

Secondan: water systems

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 1o generate heating water, a
cooler (heat exchanger), two circulating pumps (one standby) and a differential pressure
bypass. Depending on the season, heated or cooled water is produced v1a the convernter or
cooler-and distributad by the circulating pump to the inducuon untts.

Condenser water sysiem

The condenser water systems provide the medium by which the various tenamt supplememtal au
condrioning systems release their rejection heat. These systems are similar 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 in 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 svstems throughout the complex. For example, Svstem No. 2, which
serves floors 43 to 108 in One World Trade Center, is provided with cooling water by Primary
Systemn No. 1. This system has an operating temperature range of 85 degrees to 95 degrees
Fahrenheft, and consists of two shell-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. Tbis 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, tonlets and associated circulation spaces, are air
condntioned by means of centrally located constant volume air conditioning systems. There are
no return 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. Aur is directly exhausted from the mzchxne rooms
and is nat 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 condftioned by means of centrally located constant volume air conditioning
systems. Each system supplies one quadran (Southwest, Southeast, Northwest, Northeast) on
muhiple floors. Each system is imterlocked with multiple retum fans. Air is distributed to the
floors via vertical risers. A constant volume air pressure regulator is provided at each office
floor tap into the respective riser. The hung ceilings are utilized as return air plenums. Retum
fans are provided and imerlocked with the respective supply systems. Only intenior and
perimeter fans are interlocked with return fans.
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The perimeter offices or open office areas extending from the exxerior 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 (secondary water) to provide cooling or heaung. The pnmary air
induces the flow of room air across the coil through which the secondary water is flowing. The
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 ts then discharged to the
room via the grilles on the top of each unit. The function of the primary air is to provide
vegtilation and dehumidification to offset the latent Joads 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 induction units are controlled by pneumatic thermostats which measure
retum air and control pnsumatically actuated secondary water control valves to maintain room
temperature.

The primary air is furnished by centrally located, constant volume air conditioning systems.
Each system supplies one exposure (North, South, East, West) of muhiple floors. Each system
is interlocked with muhiple rerumn 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 systems are provided for the public areas of the
building, including the vanous lobbies and the observation deck and for the elevator
machine rooms.

The cemtral plant refrigeration plant on level B-S comtaing 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 ranging in 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 capacity. The addiion consists of five
2,500-ton 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, vanable speed.

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

The central 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 uarns located
within the 16 MERs. Those net located in MERSs include transfer fans, exhaust fans
and garage ramp beaters in the Subgrade. The air handlers consist 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,
?. 41, 7% and 108), and house five types of unns: peripheral, intenor, core, elevator machine
room, and electrical substation units, along with retum and exhaust fans. The penpheral and
intenor units distribute air on a quadrant basis; the core units serve the elevator core 1 two
sections.

Four and Five World Trade Center contain cemural air handling systems MERs on the ninth
floor and in the Subgrade. The ninth floor MERs house penpheral, interior, and core air
handling units and retum and exhaust fans that serve the third to ninth floors. The below grade
MERSs 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 MERSs 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 Authornty 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 Authonty for the Port Authority’s own use and for

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

Marnoa 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 15.8 kV feeders 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 watts per square foot capactty is more than sufficiem for lighting receptacles
and supplemental HVAC installations.
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Supplememal HVAC typically takes the form of localized electrically driven water

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

In addition, certain tenants raquire that their computer operations be maintained at low
temperatures 24 hours a day requinng 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 safery and egress loads. The
teruary power feeder from PST&G is delivered via a tap 1o the PATH faaders run through the
PATH tunnel under the Hudson River to 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 dissel generators. In the firture, 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
10 cenain tenants on a recoverable basis.

The stand-by generator system cansists of six 1,000 kW Waukesha Diesel generators located on
level B-6. The total plant capacry is at 277/480 volts three phase. All six generators feed into a
common distnbution bus, called the Left and Right Main Distributicn 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 elsvator passengers. The
stand-by generator will stan auxomaucally only when power to the emergency lighting panels
fails.

The plumbing system for the World Trade Center 15 typical of cther 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 1 the Concourse and Subgrade.

The gravity sanitary system consists of soil and waste stacks and vemt stacks which
serve the plumbing fixtures, mechanical equipment, floor drains and kitchen
equipment on the various floors in the building. The gravity svstem drains to the
building drains to a large concrete pipe on the B-1 level, which connects the 30-inch
sanftary 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 graviry to the-various building drains,
located on level B-1, which connect to the 36-inch storm watch drain 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.

CONFIDENTIAL 15012



Domesnc cold
warer system

Domestric hot

waler svstem

Eicvators

Domesnc water:

Fire and life sarety’

WILLIS

There are three pumping stations located in the MERs on level B-] (elevauon 294 feet), 41
and 75. Each pumping station consists of four pumps, a backflow preventer, an air cusiuon
tank, a high pressure swrich, a low pressure switch, main and standby pressure electnc
transducer, four individual controllers. a master controller, and a pressure-reducing vaive
system that controls the water pressure i the zone that 1t serves.

The domestic steam-fired hot water svstem consists of hot water preheaters, bot water
heaters, and hot water circulation pumps for each zoae in the building The equipment 1s
locatad in the NMfER¢ on floors 7, 41, 75 and 108. The water from the ho: water heaters is
supplied at 105 dsgrees Fahrenher to the various floors by means of the hot water distribution
system. The hot water circulauon pumps circulate water through the piping system to maumatn
the hot water temperature. '

The Complex's state-of-the-art internal transportation system includes a total 240

_ elevators and 63 escalators. Each tower building is serviced by 21 high-speed express

elevator cars, and 72 local cars. In addition, One World Trade Center and Two
World Trade Center are serviced by 10 and 8 large freight and service elevators,
respectively. Several years ago a $127 millioo modernization program to install a
state-of-the-an computenzed elevator control system and refurbish elevator cab
intenors was undertaken. The coatrol system project is nearly 50 percent complete,
and the elevator cab imeriors are 100 percent modernized.

Elevators are also being upgraded to include new elevator car operating stations, car

position indicators, corridor push button stations, lantemns and tactile markers for the

disabled. This project is 99 percent complete. 108 passenger and three service

elevators have been completed to date, including the addition of new elevator group

dispatch, car signal comrols, control systems with future capability to add new closed loop
feedback motor control systems, new static power converters, trail cables, adjustments, signals,
lobby panels, safety tests, emergency controls and related hardware. New static power
converters have been installed on four shuttle cars in Two \World Trade Center, two shutile
cars in One World Trade Center, and all local elevators.

Domestic water for the World Trade Center is supplied by the Ciry of New York
from the water main on Greenwich Street to the Subgrade.

The World Trade Center is sprinklered (wet system) with a combination fire

standpipe sprinkler system. The fire sysiem is fed by two, eight-inch fire loops

located in the Concourse and in level B- I ceilings,~ with Siamese connections located

on the exterior walls of the complex for the use of the Fire Department. There are four fire
pumps and four fire reserve tanks located in One World Trade Center and four each in Two
World Trade Center.

The sprinkler system distributes water from holding tanks filled by the domestic water supply
and distributed through three risers to One and Two World Trade Center. One and Two Worid
Trade Center contain one riser per zone, accessible from each floor through the service closets.
In each tower, the system includes one 5,000 gallon combination sprinkler/standpipe and one
10,000 gallon tank on the 110th floor, and one 5,000 gallon combination sprinkler/standpipe
gallon tank on the 42nd floors. Additional 5,000 gallon tanks are on the 75d'floor MER for the
standpipe system in each tower. Both One and Two World Trade Center contain two sprinkler
pumps located on the B-1 level and 108th floor MER. The B-1 pumps pressurize the
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Subgrade, Coacourse, and Plaza building sprinkier systems. The $,000 gallon tanks on 42 are
shared with the fire standpipe system.

The sprinkler system for Four and Five World Trade Center and Subgrads are separate from
those for One and Two World Trade Center. The Subgrade is served by downfeed nsers from
the B-} loop while Four and Five Worid Trade Center are served by upfeed nsers from the
Concourse loop. The Concourse loop also serves the stores within the mail. One and Two
World Trade Cemer contain two sprinkler pumps each, located in the B-[ level and 108th floor
MER. The B-1 pump pressunzes the Subgrade, Concourse, and Four and Five \World Trade
Cemter sprinkler systems. The pump on 108® floor supplies fire protecion water to the upper
floors £99 10 110).

In addition, the complex features fire command stations in each lobby which is equivalent to a
Class E fire alarm and recall sysiem found in most Manharan office buildings. Importam
elemznts of the fire safety svstem are summarized as follows:

o There are three stairwells per floor in One and Two World Trade Center and five
stairwells per floor in Four and Five World Trade Center. The stairwells feature fire hoses
on each floor and the stair-wells are comparzmemalized and fire stopped. The stairwells
are also painted with phosphorescent paint, which glows in the dark. At minimum, every
fourth floor is a "re-entry floor” (i.e., unlocked and available for re-entry from the
stairway). The remaining stairways may be secured for security purposes. Signage
idemtifies re-entry and non-re-entry floors. There are no failsafe automatic opening devices
on the stairway doors.

*  An alarm systemn with auxiliary lighting, posted fire exits and pull boxes op each floor

» A detailed fire safety plan including periodic fire dnils and evacuation supervisors on each
floor , .

» _ Powered exit signs and lights, in addition to stair and elevator signs

*  Awtomatic sprinklers on all floors of One, Two, Four, and Five World Trade Center (with
the exception of the lobby and mezzanine levels) and the Concourse.

* A communication system details the location of the detection device cn.a CRT at the fire
command station in the building lobby and on a printer and provides an audible alarm. In
addtion, a message is manuallv sent to the New York Fire Department detailing in what
building the fire alarm has_sounded. Floor warden stations are located on each floor to
provide direct communication with the fire command stations, fire director and fire
departmermt

One World Trade Center comtains 2 360-foot welded steel tube antenna mast which
nses 1,728 feet above ground and is used by 14 television and radio network
broadcasting in the New York metropolitan area. The mast is protected from
lightning by a metal earthing cable that connects steel building columns designated
for earthing.

The World Trade Center offers telecommunications services from muktiple vendors
via diverse entrance facilities. The number of carriers, together with the degree of
fiber and copper capacity, in the World Trade Center provides tenants with advanced
telecommunications services, as well as a variety of disaster recovery options.

The World Trade Center has an on-site Bell Atlantic switching stanon, fiber optics
service from every major vendor, and direct or common-carner microwave
capability.
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Bell Atlantic providas a full range of teleconununications services to World Trade

Center tenants  The utilicy mawitains 2 swWhching office in Two World Trads Center

on floors 10 and 11. It can also provide service from its 140 West Street and Pear!

Street central offices to tenants requinng diverse routing and an alternate ware center

or the highest reliabilty and bustness continuity. Bell Atlantic has installed a 204-fiber

ring in One and Two World Trade Cemter that is routed to cover both sides of the buildungs.
Similar systems exist in the Four and Five World Trade Center. The fiber-ring svsiems assure
that any single failure will immediately send an alarm to Bell Atlantic while assunng
uninterruped service to the tenant. Breakout boxes installed even: three floors provide tenants
with'convenient access to fiber connections.

The operations comtrol center, located in the Subgrade, is a sophisticated computer
assisted monitoring systern. Staffed seven days a week, 24 hours a day, it provides
monitoring of all building systems including HVAC, fire alarm, elevators and
securmry. The operations control center comtains television screens which menstor the
public areas of the complex through dozens of remote controlled cameras.

Access from the lobby areas of each building to the office floors is by access card or
“secunty desk check-in only. There are two types of access cards, proxumity cards '
and scan cards. Proximity cards are ussd by tenants and long-term contractors while
scan cards are used by less frequent visitors. In addition, the World Trade Center

uses a svstem of over 100 turnstiles along with security cameras. This system is
staffed at the security control area and linked by a fiber optic network. The parking
garage is accessible by access card only; only tenamt parking is permitted in the
Subgrade. The loading docks, accessible from gated and guarded entrances off
Barclay Street, use an idemtification system for all deliveries.

The Port Authority police patrol the exterior areas of the World Trade Center as well
as the Concourse, Subgrade and PATH station 24 hours a day and respond to calls
from within the World Trade Center.

The office floors in One and Two World Trade Center ars shaped with a square
perimeter and have imerior offices that are column free. The core is located in the
center of each floor containing elevator shafts and stairwells, electric and telephone
closets, service closets for steam, chilled water and sprinkler risers, and storage
closets. The core includes a men’s room and one or two women's rooms.

The office floors in Four and Five World Trade Cemer are "L" shaped with perimeter and:
interior offices and 30-foot column spacing. The core is located in the center of
each floor.

One, Two, and Six World Trade Center do not contain "plaza retail” space. Four and
Five World Trade Center contain retail space on floors one through three (the
Concourse, Plaza, and third floor). The second and third floors in these buildings
also contain commercial and building service space.

Floors through the office corridor and lobby areas contain either carpet, ceramic tile,
grantte, marble, terrazzo or terra cona finish.
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The majornty of the ceilings are suspended acoustical tile on the office floors and
elevator corndors. Ceilings in the public areas consist of a vanety of masonry types

Wialls in the office areas are covered with dry wall, vinyl wall coverings and paneling
in some office areas. The lobbies, passenger elevator lobbies' tnm, and Concourse
contain marble and ter-ra conta finish.

A combinauon of fluorescent and incanidescent lighting fixtures are used throughout
the office and reail areas as well as the elevator corridors. In addmion. there are
cbandeliers in the lobbies and flood lights on the extenor areas.

The majorrty of the office entrance doors off the corridors are painted hollow or sohd
metal doors. There are also a wide variety of door rypes depending on use including
large steel roll up doors for subgrade access.

The Complex, principally the lower floors or zones of One and Two World Trade
Center and areas of the Concourse and Subgrade were constructed dunng the time
period (1966 to 1970) when asbestos was used as a fire retardant.

As a resuht, spraved on asbestos is present within the sixth floor catwalks, mezzanine
substructure, elevator shafts and machins rooms, interior core pipe chases, and

electric and phone closets of One and Two World Trade Center. Addmtionally,
asbestos-containing thermal system pipe insulation is present in the coacourse ceiling
plenum and in MERs, while vinyl asbestos floor tiles are present throughout the

complex. The Port Authority has removed a large portion of the asbestos material

typically located on the structural columns and on pipe insulation from tenant floors

in One World Trade Center, and has removed much of the pipe ‘wrap insulation found in the
Subgrade. The practice of containment has not been implemented at the World Trade Center.

In addition to full-scale abatsment projects, the World Trade Center has instituted an ongoing
operations and maintenance program whereby specific individuals on the staff are trained as
certified ACM handlers and can respond with appropriate equipment and procedures to manage
incidental ACM incidents. Tenants whose space may contain ACM have been formally
notified.

The Port Authority has completed a number of ADA projects.

Common areas are equipped with access ramps, guard rails, automatic doors and
elevators for the disabled. Signage and water fountains also have been modified for
the disabled. There is also an ongoing program to replace all signs on muki-tenanted
floors with ADA-compliant signs.

The single tenant floors are, on a tenant-by tenant basis, in the process of being equipped with
bathroom facilities for the disabled and all new tenant installations include either both men's
and women's accessible bathrooms with facilities for the disabled or a single unisex bathroom

The long-standing policy of the Port Authority has been to assure that the World
Trade Center meets and, where appropriate, exceeds the requirements of the building
and fire codes of the City of New York. The Port Authority has provided specific
commitments to the City of New York that the World Trade Center would be
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operated in conformance with the standards set forth in the New York Crry Building
Code (the "Code”). In certain instances the Port Authority has established and mav
establish in the future standards that exceed those set forth in the Code. and the net
lessee will be required to adhere to the Port Authority’s standards in such cases.

Pursuant to existing bi-State legislation, the Port Authortty has exclusive jurisdicuon
with respect to certain administrative and govemmental matters pertawing to the
Trade Cemter. As such, in connection with the Transaction, the Port Authority

will continue to maintain its junsdiction and oversight with respec 10 these areas,
meluding:

«  Compliance with applicable building codes, as defined by the Port Authortty and subject
1o agreements with the City cf New York, for all future construction projects, both wn
tenamt spaces and common areas

+  Compliance with fire, environmemal, and health codes

+  Operating imegrity of the elevator/escalator sysiems, electrical and machanical systems,
as well as the structural integrity of the Complex

«  Administration of the high tension ¢clectrical distribution system
= Port Authonty police services
+  Office tenant eligibility consistent with legislation pertaining to the World Trade Center’s

world trade and commerce funcuon

Thers are 1.43) parking spaces located in the Subgrade that are available only on a monthly
basis to employees and tenants of the World Trade Center. It is assurned that the Pont
Authonity staff and police persoanel will use 110 spaces as part of the PA lease free of
charge, leaving 1,321 for the net lessee(s) to rent. Transient parking is. and under the net lease
will continue to be, prohibited.
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FIRE PROTECTION

FIRE ALARM SYSTEM

The Fire Alarm system in the WTC combines fire alarm signaling with an intercom. enabling fire
safety personnel to speak to the person turning in the alarm. Alarms may be turned in at Break-
Glass Stations in public and common areas throughout the Trade Center. Control and intercom
equipment for the system is monitored in the Police Security Room located at level B-1.

An alarm signal is transmitied to one of many intercom panels in the Fire Alarm Console where it
is processed. Each intercom panel represents a separate fire zone and there is a reel-to-reel tape
recorder that transcribes conversations made over the fire intercom system,

PA emplovees test the fire alarm signal boxes monthly.
SMOKE DETECTION AND ALARM SYSTEM

There is smoke detection and alarm systems protecting the return air ducts, elevator lobby and the
ventilation duct in the Mechanical Equipment Rooms (MER's).

The return air svstem has detectors in the hung ceiling of each tenanted floor. in close proximity
to the intake of the return air ducts. The detectors are connected to a computer-multiplex system,
which scans each smoke detector and reports alarm conditions 1o the Police Securinn Room on
level B-1.

There is at least one smoke detector at the ceiling of each elevator lobby. directly above the
elevator call button. These detectors transmit to the Police Security Room and cause the elevators
1o return to their main lobby.

The ventilation alarm system monitors the supply and return air ducts in the MER's, The system
shuts down the affected ventilation fans and alerts police security personnel when smoke or
products of combustion are detected in the supply or return air ducts. The MER exhaust fan ducts
are monitored and controlled in a similar manner.

All detectors are inspected and tested annually by PA personnel.
TENANT SMOKE ALARM SYSTEMS

Many tenants have their own smoke alarm systems. These systems are inspected and tested at
least annually in accordance with the equipment manufacturer's specifications.

SMOKE PURGE SYSTEM

After a fire has been extinguished in the Towers the smoke purge procedures draw in fresh
outside air and exhaust the return air from the building. The Fire Safety Director initiates the
operation by having the smoke purge switches (there is one for each quadrant) in the MERs
turned on. ‘
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WATER SUPPIES FOR SPRINKLER AND STANDPIPE SYSTEMS

Ths primary water supplies for the WTC consist of connections to 12" city mains and total
capacity in 14 steel gravity tanks of 70,000 gallons. These water supplies are delivered to
sprinkler and standpipe systems by a total of 12 pumps. The tanks are automatically refilled from
a 2" connection to the domestic water system.

Eight of the pumps are multi-stage. high net head pumps serving the standpipe system. These
eight pumps are 3-stage. Peerless pumps rated at 750 gpm with net heads from 228-t0 360 psi.
These pumps are situated on the following levels: B-1, 7°, 41, and 75" floors of each tower.

On floor 108 of both towers there are 500 gpm Peerless pumps with a net head of 60 psi. These
pumps take suction from 5.000-gallon steel gravity tanks and provide water supplies to both the
standpipe and sprinkler systems for the top floors (sprinklers - floors 99 to 107 and standpipe
floors 99 to the roof)

At lsvel B-| there are two separate. | 500 gpm, Peerless pumps with net heads of 90 psi. taking
suction from separate 12" connections 1o city mains and supplying the sprinkler systems
protecting the Northeast Plaza Building (NEPB), Southeast Plaza Building (SEPB). Concourse
level. and the 6 Subgrade areas.

SPRINKLER SYSTEMS

Sprinklers protect all tenanted floors in the towers. The exceptions are: all Mechanical
Equipment Rooms (MERs), Chiller Plant, Power Distribution Plant and Auxiliary Condenser
Water Room.

The design of the sprinkler systems of both towers is similar. The direction of water flow within
the risers is downward. Each tower has three separate risers, with each serving different groups
of floors. Riser A supplies the top most floors, 99 through 110; Riser B supplies floors 98
through 32; and Riser C supplies floors 31 through 1. Water supplies for systems A and B are
from the 10.000- gallon, steel sprinkler tank on the 110" floor. The 5.000-gallon steel tank on
floor 41 serves both sprinklers from riser C and standpipe systems. The C risers for both
buildings are interconnected through a divisional control valve that allows isolating in the event
of impairments. There are separate control valves for each floor in the towers as well as water
flow switches. tamper alarms and 2" drains. The down risers are equipped with divisional or
isolation valves on floors 1, 15,and 67 of Tower A and on floors 1, 15 and 77 of Tower B.

The 500-gpm 60-psi pumps on floor 108 of both buildings serve to boost water pressure to the
sprinklers on floors 107 to 99 and the fire hose header on the 110™ floor. As the downward
distance from the holding tanks increases below the 99™ floor additional pump pressure is not
required. Pressuce Control Valves (PCV's) are used to control water pressure on the lower floors.

The rest of the WTC complex, namely the Subgrades B-1 through 6, Concourse, NEPB, and
SEPB are served by a second completely separate fire protection system. This system consists of
two - 8" loop mains, with isolation valves, feed by two 1500-gpm 90 psi booster pumps. One laop
main feeds sprinkler risers going down to the Concourse and Subgrades and up risers into the
NEPB and SEPB are feed through the other loop main.
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Sprinkler systems for the stores in the Concourse are fed off completely separate risers ﬁ-om the
sprinklers in the common areas. The system was design in this manner to insure a fire originating
in an impaired store would be confined to that store \hhl'e sprinklers in the common area that
were feed from a separate unimpaired riser.

The booster pumps deliver fire protection water at 150 psi to the loop mains.

Both the tower systems and the Concourse/Subgrade systems have multiple siamese connections
for the NYC Fire Department.

The World Trade Center, "Design Guidelines, Guide Specifications. and Standard Details”
requires all tenant areas to be protected by a sprinkler system designed in accordance with NFPA
Standards. All systems are hydraulically designed. Office spaces are designed for light hazard
occupancy with a minimum of 0.1 gpm per sq. fi. over the most remote 1.500 sq. fi. and protected
arsa per sprinkler not exceeding 225 sq. fi. Protection for commercial spaces, and storage areas.
are designed to the requirements of NFPA 13. Sprinkler systems for Restaurant Service Areas
and Concourse Retail Stores are designed t0 0.16 gpm per sq. fi. over 1.500-sq. fi. witha
maximum 130-sq. fi. per head of protected area.

Electrical and telephone closets are not sprinkled, however no storage of combustibles is allowed.
closets have 2 hour-rated walls with penetrations protected, and a smoke detector connected to
the alarm system installed in the closet.

Smoke curtains. in the form of dropped soffits. with a water cunain provide protection for ienants
with internal staircases. Water cuniains consist of closed sprinklers spaced 6'-0" on center. 12 in.
from the opening.

All openings betwezn the main Concourse public corridors and tenanted spaces are prolected with
a water curtain. The Water curtain consists of closed heads spaced 6'-0" on center. 12 in, from
the opening on the tenants side.

Sprinkler control valves are located in the janitor closets on each floor of the Tower buildings.
The floor control valves consist of either a manual operated gate valve (OS& Y type) or a
combination pressure reducing and shut-off valve, with tamper switch, water flow alarm, pressure
gage. inspector's test connection and drain valve, Pressure reducing valves (PRV's) are setata
locked out outlet pressure (at no flow) of 125 psi.
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FLOOD

The World Trade Center (WTC) is located near the southem tip of Manhatian Island and in close
proximity to where the Hudson River becomes New York Harbor. The westerly side of the WTC
is within the 100-vear flood zone (zone A). A category 2 or 3 hurricane (wind velocities from 95
10 130 mph) has the potential to raise the river/harbor water above the level of West Side
Highway (now known as Joe DiMaggio Highway) that runs along the west side of the property.

The following table d:splavs the openings on the west side of the property and level that the 100-
vear flood would exceed the elevation of the openings.

OPENING HEIGHT OF WATER ABOVE OPENING
I WTC Sidewalk 0.00"
2 WTC sidewalk 0.00°
Vista Parking Lots 0.25'
H Ramp to Hotel 0.85'
6 WTC West Street Garage 1.05
C Ramp - Down North Bound 1.25
A Ramp - Up South Bound - L.50°
B Ramp - up North Bound 1.85°
D Ramp - Down South Bound 1.95
6 WTC Vesey Street Doors .45

The scenario that creates the 100 year flood assumes the storm striking the New Jersey coastline
somewhere above Atlantic City, tracking north-northwest, with its eastern edge. where the winds
are the highest, pushing the storm surge through the outer reaches of New York Harbor (between
the New Jersey and Long Island Coasts) and up into New York Harbor. This scenario further
assumes the storm striking at high tide and when there is a full moon.

The Nationa! Weather Service forecasts and tracks hurricanes. They also provide advisories as to
where the storm is located. wind intensity and speed as well as the direction of travel. A
"hurricane watch” is issued for coastal areas when there is a threat of hurricane conditions within
24 10 36 hours, A "hurricane warning” is issued when hurricane conditions are expected in a
specified coastal area in 24 hours or less. These wamings. provide ample time for the
implementation of emergency procedures. With this advanced notice from the National Weather
Service, a worst case assessment of a tidal surge can be made at least 12 1o 16 hours in advance.
Then in conjunction with the Mayor's Office of Emergency Management (which is located in 7
WTC) there is ample time 1o make the decision to close the WTC and protect exposed openings.

Any seepage of storm water through the exposed and sandbagged openings can be expected to
migrate through the subgrade levels until reaching level B-6. At this point any seepage would
continue to flow down on to the Path Train tracks that run at a still lower elevation. The Path
systems sump pumping system would then evacuate the water.

The following pages are taken from the Emergency Procedures Manual and illustrates the number
of sandbags required at each location and the assignments for personnel from each department.
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100 YEAR FLOOD PENETRATION POINTS

RAMP H TO HOTEL OPENING 16’
FLOODWATER HEIGHT .85'
SANDBAG TO HEIGHT 1.2§8'
SANDBAGS REQUIRED 92

.
-

RAMP A (SOUTHBOUND)
OPENING 16.5' FLOODWATER
HEIGHT 1.5 SANDBAG TO
HEIGHT 2.0 SANDBAGS
REQUIRED 148

HOTEL PARKING LOTS-WEST ST.
OPENING 30

FLOODWATER HEIGHT .25' SANDBAG
HEIGHT .50' SANDBAGS REQUIRED 86

SOUTH PROJECTION OPENING
14' FLOODWATER HEIGHT 1.§'
SANDBAG TO HEIGHT 2.0¢
SANDBAGS REQUIRED 124

RAMP C(NORTHBOUND)
OPENING 15.5' FLOODWATER
HEIGHT 1.25' SANDBAG TO
HEIGHT 1.75' SANDBAGS
REQUIRED 120

RAMP B (NORTHBOUND)
OPENING 16’ FLOODWATER
HEIGHT 1,85 SANDBAG TO

- HEIGHT 2.40°' SANDBAGS
REQUIRED 184

6 WTC - VESEY ST. GLASS DOORS

OPENING 24’

FLOODWATER HEIGHT 1.75
SANDBAG TO HEIGHT -2.2§
SANDBAGS REQUIRED 240

CONFIDENTIAL

RAMP D (SOUTHBOUND)
OPENING 16’ FLOODWATER
HEIGHT 1.93' SANDBAG TO
HEIGHT 2.50' SANDBAGS
REQUIRED 184

NORTH PROJECTION VENT
OPENING 11 FLOODWATER
HEIGHT 3.25' SANDBAG TO

HEIGHT 1.75' SANDBAGS

REQUIRED 80

NORTH PROJECTION DOOR
OPENING &'

FLOODWATER HEIGHT 1.25'
SANDBAG TO HEIGHT 1.7§'
SANDBAGS REQUIRED 38

6 WTC -WEST ST. GARAG E
OPENING 60' FLOODWATER
HEIGHT 1.05' SANDBAG TO
HEIGHT 1.55' SANDBAGS
REQUIRED 516

6 WTC VESEY ST.-DOOR A
OPENING 3.5' FLOODWATER
HEIGHT 2.45' SANDBAG TO
HEIGHT 3.0 SANDBAGS
REQUIRED 38

6 WTC - VESEY ST. GARAGE
OPENING 31' FLOODWATER
HEIGHT 2.45° SANDBAG TO
HEIGHT 3.0' SANDBAGS
REQUIRED 412
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12-5.1 E ND SEC

Depending on the circumstances and activities, respond to the scene of the
incident or the appropriate Fire Command Station to assume fire safety
responsibilities.

If necessary, coordinate activities with the New York City Fire Department
and other emergency response personnel.

Initiate evacuations, if necessary.

Direct use of public address announcements, if necessary.

Deploy security officers to secure area(s) and deny access to unauthorized
individuals.

Dispatch “key runs" as appropriate.

Authorize use of temporary or special identification cards valid for duration of
emergency.

Authorize and issues temporary parking pemits to emergency response
personnel as necessary.

Direct security contractor to have personnel “stand by” as needed.

Call in additional Life Safety and Security staff as needed.

12-§.2 POLICE

Make all appropriate notifications listed in Exhibit 12A.

Note: If requested, dispatch officers to close roadways and redirect traffic to
facilitate the installation of sandbags.

12-5.3 OPERATIONS and MAINTENANCE MANAG

WILLIS

0

0

Make all appropniate notifications fisted in Exhibit 12A.

Secure parking garages and install sandbags as indicated in Exhibit 12D.
Request the assistance of Construction if necessary.

Inventory barricades, cones, emergency signs and emergency lights to close
off the peripheral roads and the Plaza.

Direct Porters to clear all drains in Plaza, both Towers and truck dock ramps.

chanical n

Supervisor reports to River Water Pump Station with two craftpersons and
initiates these procedures:

Verify that all floor deck hatches in the “un-diked” areas to sluiceways and
pump station chambers are secured and sealed.

Verify that all watertight bulkhead doors are secured, namely to the
switchgear room and to the traveling screen room.
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in_the Event of 3 Power Failure

o Start one or both of the emergency pumps and maintain operations even if
thé water rises above the operating floor level. .

¢ Recheck the river water level in the sluiceway and throttle the associated
sluice gate accordingly to prevent flooding.

Electrical Section

e Secure affected electrical systems.
o Operate Emergency Generator Plant as needed.
» Provide portabie emergency power where needed.

General Maintenance Secti
» Assistin installing sandbags as requested.
isin ineer

+ Based upon most current weather forecast, perform facility survey and
identify equipment to be secured. Report findings to Life Safety & Security
Division and Director’s office.

12-5.4 VERTICAL TRANSP ATION

¢ Direct elevator maintenance contractor to secure affected elevators, monitor
conditions and make any necessary repairs if necessary.

12-5.5 CONSTRUCTION DIVISION

» Assist in installing sandbags as requested.

12-5.6 PROPERTY MANAGEMENT

» The General Property Manager responsible for the property involved in the incident
will assume full responsibility as the WTC Liaison Officer and will be stationed in the
lobby at the Fire Command Station/Elevator Console area.

o The General Property Managers from the other buildings along with the Senior
Property Manager and staff of the affected property will assist the Liaison Officer in
the lobby.

e The Senior Property Managers and their staff from the unaffected properties will
report to the Situation Room and Property Management Office at the Operations
Control Center and activate all telephones, computers and the Emergency Tenant
Notification System,
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o The Senior Property Managers will assume all responsibility for disseminating all pre-
cleared information to staff and tenants. One staff member will act as the official
scribe, maintaining a constant record of events as they occur.

» The Liaison Officer will be responsible for notifying the Chief Operating Officer and
Media Relations, if applicable, and will work closely with Senior Worid Trade and Port
Authority Staff as well as all World Trade Center Units — Life Safety & Security,
Police, Vertical Transportation, Engineers Office, Central Systems, General
Maintenance, Locksmith Shop, Construction, Project Management and Operations
Management.

o If necessary, a representative from Media Relations will also be in the lobby to field
questions from the media/press.
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0 Verify that climax plugs are secured in place in the floor drains located in the
fresh air intake plenum in areas 1 and 2.

0 Notify Operations Control Center and Refrigeration Plant of high water
conditions.

¢ Transmit north and south sluiceways high level alarm and diked area alarm to
verify their performance.

¢ Place electrical disconnect switches in the off position. for the two tubular
chlorine pumps.

¢ If sodium hypochlonte solution tanks are empty, or near empty, partially fill
with fresh water to prevent buoyancy.

0 Provide an emergency water hookup from the hose bib at the water meter to
the main flushing piping to the river water pump line.

¢ Place electrical disconnect switches in off position for the domestic water
bearing lubricants and flush pumps.

0 Prior to the tidal serge, place plastic sheets and sandbags over fresh air

intake plenum- and the exhaust fan discharge grills on top deck of Pump

Station.

Keep Pump Station chambers empty.

If tide water rises to one foot above capacity level, contact Mechamcal

Contract Management, Port Authority Chief Maintenance Supervisor or Port

Authonity Maintenance Unit Supervisor.

O O

o Activities During Actual Tidal Surge (To be performed under the direct
supervision of the Mechanical Contract Supervisor)

0 Select a pump suction chamber that will be dewatered.

¢ Notify Refrigeration Plant Engineer that all river water pump will be secured
for a 10 to 15 minute period.

0 Secure all operating river water pumps.

0 Close sluicegate #3 or #5 depending on which pump suction chamber will be
dewatered.

0 Close sluicegate #4.

0 Start necessary river water pumps in active pump suction chamber to support
resloration of Refrigeration Plant.

¢ Notify Refrigeration Plant to start necessary refngeration machines to the limit

“that one active pump suction chamber can handle.

0 Start one river water pump in the pump suction chamber that will be
dewatered.

0 Intermittently operate one river water pump to lower the water level to a depth
of 12 feet below the stab.

¢ The water level in the operatmg sluiceway should be below the operating floor
deck but higher than the minimum level required to mamtam adequate suction

pressure.
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PROBABLE MAXDMUM LOSS
Probable Maximum Loss From Fire

This discussien is based on circumstances and protection criteria outlmed in the "Risk
Classification and Loss Estimate for High-Rise Buildings”, PM.5.6.1, dated September 1995 (see
appendix) and the FM's Property Loss Prevention Data Sheet 1-3, titled "High-Rise Buildings”
and “MFL of High-Rise Buildings™.

The underlying premise of this PML is that a fire originates on an upper floor (assume 90 floor)
wrth the sprinkler protecuion out of service and that the fire floor is connected 1o the floor above
via unprotected, open stairs.

Under these condrtions fire damage would be expected on floors 90 and 91. Floors 93 through 97
would receive varving degrees of smoke damage and floors 85 through 89 would receive damage
from the water used to extinguish the fire.

Assuming that criteria, a building value for a tower of $1.19b ($250/sf) and a floor value of
$10.8m, then the damage to the fire floors, at 100%, would amount to $21.6m. If smoke damage
averaged S2m for the 5 floors above the fire or a total of $10m and water damage of $2m to the 6
floors below the fire floor, then a PML in the range of $40m could result. In reality the
combustible loading of the typical occupancy in the Towers is not sufficient to create the spalling
and ensuing structural damage associated with this scenario and a PML m the $10-20M range is
reasonable,

The munigating circumstances are an outstanding, well-trained PA emergency organization and
the close proximity of the NYC Fire Department that monitors the PA's emergency
communication channels and would be responding before being called.

Probable Maximum Loss From Flood

In the event of a stage 2 or 3 hurricane coming ashore along the New Jersey Coast and coinciding
with a full moon and high tide, it is possible for the waters of New York Harbor 1o rise to 3 level
where the water level might be slightly higher than some of the grade level openings along the
west side of the WTC complex. See Flood Appendix for a discussion of this type of event and
emergency procedures to deal with it.

The failure at one of the sandbagged openings could allow floodwaters to enter the Subgrade
levels. There could be some build up of water in levels B-1 to B-5 with the greatest buildup at
level B-6 with ensuing damage to the electric motors and controls for the New Chiller Plant.

Assume:
e Catastrophic failure of the sandbagging protection at the lowest opening - 6WTC
Vesey Street Door.
» Tidal flow of 2 knots per hour = 12,200 feet / hour. -
e Opening'aliowing water to enter Subgrade 2.45" high and 30" wide = 73.5sf
e Failure lasts for 3 hours
«  Floor area of B-6 level = 1/6® of 2,656,435sf or 442, 739sf

Then:  Depth of water at B-6 level = 73.5sf X 12,200ft/hr X 3hrs / 442 739sf = 6 feet.
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The muugating circumstance to this scenano is that the B-6 level has a large opening into the Path
train tracks. This opening is large enough to allow major pieces of equipment to be brought to
this area by Path train, then off loaded into the B-6 level. Therefore storm floodwaters seeking
the lowest level would leave the B-6 level filling the Path tunnel (if the tnnel's sumps failed).

Assurrung the Path Turinel to be 1.5 miles long and having a 50-foct diameter or an area of
1400sf

1.5mi X §280€mi X 1400 = a volume of about 11 million cu. f.

It would take about 12 hours to fill the Path tunnel at this rate of flow, of 2 knots per hour,
through the failed sandbag dike at the Vesey Street Door.

Conservative estimates of the potential damage 1o machinery, electric motors and electronic

cortrollers on levels B-1 to B-5 run to $2-3m per level or a total of $15m on the high side with
the poeential of another $10m on level B-6, for a total PML of $25m.
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MAXIMUM FORSEEABLE LOss

1993 Terrorist Bombing

The 1993 terrorist bombing of the WTC resulted in a maximum foreseeable property loss. This
event shut Tower | down for 6 wecks and Tower 2 for 4 weeks. The explosion, that occurred in
the garage area of B-2. caused portions of the Plaza and two Subgrade floors (about 4 bays by 4
bays) to collapse on to'the B-6 level damaging mechanical and electrical equipment of the Chitler
Plant. As large a blast as it was, there was negligible structural damage done to structural
members. Damage was limited to the replacement of these concrete floors. repairing spalled
concrete where reinforcing steel had been exposed and rebuilding non-bearing walls.

The magnitude of this rype of MFL loss can be estimated at 5 weeks rent or 1/10™ of the $364m
annual rent or S35m. Plus property damage to the building from the 1993 incident is estimated to
be $175m and equipment damage of $120m or a total of $330m.

The mitigating circumstance to a reoccurrence is the control that is in place to prevent this from
happening again. The rigorous security controls now in place have significantly reduced the
likelihood of this type of incident. No one can gain entrance to the towers without authorization
from a tenant, presenting a photo 1D and being photographed. There is a lower than average
probability of a reoccurrence as access to the premises is now severely restricted. Expert opinion
suggests that there are many more easily accessed sites for any group anempting this sort of
protest. The guards physically check trucks delivering to the facility. Delivers documentation or
manifests are reviewed, as are the contents of the vehicles. The guards use mirrors to examine
the under carriage of each vehicle before it enters the Subgrade. Substantial mechanical barriers
allow only one truck to enter at a time. These barriers are of sufficient strength to lift a caror
truck 3 or so feet off its tires and immobilize it by suspending it on the barrier. Drivers are
identified by photo ID. Similar physical barriers have been erected at the entrances to the parking
garages. The parking patron vehicles and drivers are identified and matched electronically. If
they cannot be matched entrance is denied. Only employees of tenants have access to the parking
garage and a through background check is made before issuing a parking permit.

Aircraft Striking a Tower
This scenario is with in the realm of the possibie. but highly unlikely.

In 1946 a military aircrafi struck the Empire State Building. Since that time the manner in which

aircraft ate “controlled” has dramatically changed. In the event such an unlikely occurrence, what
might result? The structural designers of the towers have publicly stated that in their opinion that
either of the Towers could with stand such an impact from a large modern passenger aircraft.

The ensuing fire would damage the “skin", in this scenario. as the spilled fuel would fall to the
Plaza level where it would have to be extinguished by the NYC Fire Department. The
replacement of the "skin" is estimated at 35% of the building replacement value or $420m. Loss
of rents for | year or $150m for a total estimate of < $600m
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" 800 Year Flood

Conditions surrounding this event are, at best, difficult to document. In the appendix of the report
a discussion of flood and the procedures to protect against 1t are reviewed. A significant factor in
this scenario would be the tidal action. Normal tidal variation, in this area of New York Harbor, 1s
about 6 feet. The 100-year flood assumes increasing this by about 6 feet and the 500-year flood
would add another 2 feet. This 500-year storm and ensuing flood would most probably be a
Category 4 hurricane with prior waming from the National Weather Service and allowing time to
obtain additional sandbags to raise dikes another S feet. If the same catastrophic failure outlined
in the flood PML occur, then 3.5 umes as much water could enter the opening with the

expectation that the flood waters would be 21 feet deep inundating the B<6 level and rising § feet
above the B-3 floor. Under these conditions an MFL loss of $200-300m seems likely.

FIRE

The following estimates of &amage from a MFL fire have been estimated using the criteria
outlined in FM Global's "MFL of High-Rise Buildings".

Assume:
Special Category when 1.Sh<H<1.75h
Sprinkler system on fire floor is out of service
Perimeter flue space with adequate safing
NYFD expected to be able to handle an "exterior” fire
Poke-through / penetrations properly sealed
No interconnected floors with unprotected openings
Building value of $1.2b and floor value of $10.8m

If § floors involved in the fire and 25 floors with water damage

Then
S5XS$10.8 X70%=$37.8m
25 X $10.8 X 15% = $40.5m
$78.3m

A more conservative scenario would have the fire originating just above one MER and

progressing extemnally to the next MER where due to the double height (24") the fire would stop.
" The only combustibles in an MER are the filters in the air handling equipment and they are

sprinklered. The MER's are double floors at levels 7/8, 41/42, 75/76, and 108/109.

If fire originates on the 43™ floor and progresses extemnally from floor to floor until it .is stopped
at the 75® floor and the first 4] floors have some water damage :

Then
42 X $10.8 X 70% = $234

41 XS108X 10%=382
3316
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-Whether you're prepping for a casuai

oAt

W:l:::.-.: 10 Ine ;eas0n 9,0

iavgnie and mosi of ail ceteoraiions

+ou dont have ik
to prep ior a oMt
é:nner or lawish ouller. op: ot
souree afiar ke I izpens
or dessest parly Ecce Pams 13 fcagv

ofiice get-together cr a gaia hoicaw
feasi, youll want to creaie 2 memo-
ravie and delicious aoiday alfair

The secret of a successiz! zamy o3
orchestraung the oceasion ¢ ~ou ez
com ble and n semirol Lim
swe of your gathenng 3o vou <n
manage your panty easiy Or «f ngat
living space rules out kcme ener-
@iung, consider some rew spices 1o
host a pnivate party From fulfi serace
restaurants and locai oars
10 loft spaces and “occasion
rooms.” hosts are throwing
parties ‘where they can
enjoy the pianming and
ententaiming but (usually;
none of the cleanup Add oy -
to that all the food, bar and . .
decor necessuies and
there’s plenty of room ior
personalizauor:. The expens
at Xando Cosi Inc. tailor I wictin 0
the clients taste and suggest thai the

Wi Juss yuchl ¢ panty wui ftesh baked |
breads. pies and other delectable |

a3 TeN: to Jeisaie i

10 PTOVIGR 3% .23d One e

g Au Bon Pamn

fe23onel i

s Deel
and smokes lupRen
ensic habian f3rz can Te
customized 0 Ssui LT
needs by the sl 2t
_. Pastabreak. Or. cail Fine
& Schapiro for a full rarge
f ¢atening options rangiag
170 appetizers to desseris
Devon & Blakely aiso cilers
4 vast azray of special cater
ing semaces ior ihe hoiidaw
acason.

Couns

Welcome guests to a pary iified with
warmth and .good cheer — twankling

Derfect By

PARTY PLANNING TIPS

Cole Haan. a leading desigier and
marketer O hugh-qualiny: hand-
crafied fovtwear ang acsessoncs.
opens e M sdus e
Discover niens nd wonwns Jivss
and casual fovtugar, mens bels
and hoswn, a3 well as weniens
nandbags and personal leather
30ods By bieading craiisnianship,
sicsign. wnovanon and cissraqer,
Cole Huan has gnen iz producs
wia cain beardle deacnbed as 2
o srigan” wesibene

Vigtorid’s Sveret, the waorlds
mast fasaus imgenc.shop. 1s now
open onilw Liberiv Sureet stde of
e Mt Mase hohday wishes
vom pnie wiilna @l tha daszivs
HTEY O Smmets in saiin

Xando Cust cpens soon u Four
Woria Tde Conier o Chanch
S olivamg the best fidin New
Yorks favonte casual reseautant -
Cosi sandiwiciics and  caening.
A\ande colffee. umi a full bar for
auy Bewr Alen 500 pm, o
sea duner awenu wicluding Cost
séacty ! starable an-
peusett A senal oup wih
Nancdos iantows smores and coffee
covnnints, By woisaies, gaie tables

client add their own personahized  goodies including thewr mtoxcanng  hights, shiny tableware, the sparkle o

touches to make sure they ieei itke :ts

their party, not the caierers’

Be sure, however, to plan [estisaes

that fit your budget and scheduie. If :

. cream party. Choose irom more than

md  Mondnaneaspired  decor
skt tus 3 groa spot o geab a

. quick bue or seiic n watlt fnends
1o wine. diie and unswind.

Pecan Chocolace Bourbon Pie Ben &
Jerry's suggests hosting 3 holidav ice

silver and gold Visit Lynns Hallmark
for delighuize. nohiday aczerts. themed
gape: goods and decoranons. and
chasming keepsske omaments Lechters
cames a fult range of fesuve dinner
ware and glasses as well as parny plartess

33 flavors as weil as {rozen yogurts
and non-dairy sotbets

World of Chnsunas has also

e Autme Tidets Centey b o the Pl
of Five Warld Trade Center houses icket coom-
pr o cirfnes indhuding Amseriom Airfmes,

icwurned for the hohday scason.
Located next o Sunglass Hut. the
scasonal shop ofiers 3 dassling
seleenon of holidav goods —
ornuinents, aruiicial trees, wreaths
and garlands. toys and corporaic
gifis. Decoraning stall 2an also help
bring holday cheer to your office.

; ond other essenuais for hosting ine
perfect evenit. And for the final touch.
3l vour pary wath festive music fom
Sam Goody

Executive Gifts connavec fam 3oge |

WHO TO CALL FOR CATERING
from Papyrus. Adei 4 xensa e
fOr SMOOLA, CleaT 304 ST WY
and s 3 special reward for these
who value (¢ handween word
as well as the typed onc

Devon & Blakely
Max Guerresd
2:12-432.Q222

. Ecce Pams
Doty Kenul
212-232.282)

KeB Toys Express s back for the
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THE PORT AUTHORITY OF NY & NJ MEMORANDUM

TO: . , Joseph Amatuccio, Carla Bonacci, Jerrold Dinkels,
Frank DiMartini, Eric Hauser, Louis Menno,
Edwin Monteverde, Francis Riccardelli, Nancy Seliga

FROM: John Castaldo
DATE: . Sepiember 19, 2000
SUBJECT: ASBESTOS POSITIVE LOCATIONS AT THE

"WORLD TRADE CENTER: UPDATE.

REFERENCE: J. Castaldo to Addressees; Memorandums Dated 5/4/98
and 12/21/99; Same Subject.

cory: L. Ardizzone, S. Benjamin, 1. Chachkes, J. Connors,
W. Devlin, M. Finegold, M. Hurley, M. Jakubek,
M. Kirshner, T. Lynch, U. Mehta, G. Meyer, R. Muessig,
C. Nanninga, A. Reiss, E. Strauss, G. Tabek, P. Taylor,
F. Vamano, L. Zucchi, Operations Control Desk, S-4's

Attached please find an update to my initial May, 1998
memorandum wherein the known asbestos locations at the World Trade Center
were disclosed. The information provided in this disclosure is a compulation of
avaliable bulk sampling and analytical results from both the World Trade and
Engineering Departments’ data bases.

In compliance with the disclosure requirements of the U.S.
Occupanonal Safety and Health Administration’s asbestos standard, | am
requesting that this information be distributed to all World Trade Department,
Engineering Department, PA Office Space, and Leasing Division property
managers, project managers, construction managers, construction inspectors,
operations supervisors, securily supervisors, facility maintanence supervisors, and
leasing agents associated with the allocation of space, and the design and
implementation of World Trade Center projects. Additionally, please forward this
information to those contractors under your administration. If there are questions
as to the presence of asbestos-containing materials at a particular location, or if
the scope of demolition and/or renovation work may impact asbestos-containing
materials, please contact Art Burton, Assistant Envxronmental Coordinator, at
435-8364.
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Those on the copyline are requested iv contact this office
for the appropriate response action if asbestos-containing materials may be
impacted by work under your jurisdiction. The Port Authority complies with
Industrial Code Rule #56 relative to worker centifications, contractor licensing.
and work: procedures if asbestos is going to be disturbed or impacted. Please
contact me at 435-8518 should you have any questions.

John Castaldo
General Manager,
Base Building Services.
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Full Floor Lozations

- Lobby Mazzanine

- 1" < 6" Floors: Core

- 6* Floor Catwalk

- 7* 1 8* Floor MER

-41% 142* Floor MER
-75% 7 76* Floor MER

- 108* 7 109® Floor MER

|
|

Full Floor Locations

- 6™ Floor Catwalk

|- 10® = 13" Floors

(Bell Atlantic)

- 41" /42" Floor MER

Asbestos-Containing Surfacing Aad/Or Thermal System Insulation Materials Located In

"One World Trade Center - Exclusive Of Elevator Shafts

-. Random locations On Floor Subgrades Convector Uni
- 43" /43" Floor PA - Bl Levet: - 77* Floor
Exhaust Duct - Core, N/E Quadrant - 79* Floor
- 82" Floor -B6 Level - 88" Floor
- 104* Floor - 101* Floor
- Core Electric Closéts - 103" Floor
On The 1* - 40" floors _ - 105 floor
- Perimeter Electric Closets On The
30* Floor

Asbestos-Containing Surfacing Apd/Or Thermal System Ipsulation Materials Located 1o

Two \World Trade Center - Exclusive Of Elevator Shafts

Random Locations On Floor  Quadrant Location Convector Units

- Lobby Mezzanine - S/W, 43rd Floor - 22" Floor
- 7" /8® Floor MER Kitchen Exhaust Duct - 24* Floor
-9 Floor . ' - 59 Floor
- 19* Floor - 72* Floor
- 20" Floor . ' - 79" Floor
- 26* Floor - 81" Floor
- 33" Floor - 84® Floor
- 71® Floor - 86" Floor
-75® /76" Floor MER - 87® Floor

_ WILLIS
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Asbestos-Containing Surfacing And/Or Thermal System -Insulation Materials Located In
Four And Five World Trade Center

There is no asbestos-containing spraved-on fireproofing in Four and Five World Trade Center.
A cementitious patch has been identified on a beam in the south wing of the southwest portion on the 5% floor in 5 WTC
Thermal system insulation is present in the form of pipe saddles.

Asbestos-Containing Surfacing And/Or Thermal Systcl@ losulation Materials Located On
The Concourse

There is no asbestos-containing sprayed-on fireproofing in the plenum of the Concourse.
Thermal system insulation material is present. )

Asbestos-Containing Surfacing And/Or Thermal System losulation Materials Located On
The Bl Level And The Truckdock

Asbestos-containing sprayed-on fireproofing and thermal system insulation material is present.

Miscellaneous Asbestos-Coutaining Materials At The World Trade Ceoter

Base building flooring throughout the facility is viny! asbestos floor tile (VAT).
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World Trade Ceoter Elevator Shafts With Asbestos-Containing Surfacing Insulation Material

One World Trade Center Two World Trade Ceoter
Pits and Shafts - Pits and Shafls
1/2 39740/ 41 5/48 36/37/38
3/4 42/43/44 10/11 39740/ 4}
5748 457461747 14715 42/43/ 44
8/9 51752753 _ 24125126 45/46/47
Jenz ' 54155156 27/28129 . 54755756
49 57158759 30/31/32 57158159
18719 60/61/62 33/34/35 63/64/65
20/21 63/64/65 ’
22723 66767168
50 69/70!7
24725126 727173174
127728729

30/31/32
33734735
36037/38

There is no asbestos-containing surfacing insulation material in the J and K elevator cars in 1 and 2 WTC.

There is no asbestos-containing surfacing insulation material with the elevator shafts in4 and 5 WTC.
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PrOcedure Manual ...

CONFIDENTIAL

RISK CLASSIFICATION AND LOSS ESTIMATES
FOR HIGH-RISE BUILDINGS

This document 1s t0 be used. tn conjunction with PM.5.0. to determine the class and PML
for all high-rise butlding except hospital butldings. A high-rise bullding as defined tn
IM.17.6.1 1s “"cne i which fires must be fought tnternally because of height. 1.e.. the upper
stories are bevoad the effective reach of fire department aertal equipment commonly con-
sidered 1o be over 75 ft {23 m).”

CLASS DETERMINATION

A fully sprinklered high rise butlding is to be classed a HPR2.

Buidings where public protection s avatlable and where significant sprinkler protection is
nesded. those over 250 ft (76 m) with a single pumptng supply or are non-sprinkiered must

be classed a Standard 1. Any risk that does not fall into the above categories is a Standard
2 nsk. ’

PML DETERMINATION

To dstermine the PML of a high rise butlding, many construction. protection, and occu-
pancy features must be known. If the butlding has numerous opentngs in the flcor/ceiling
assembly. such as space between curtain walls and floor systems. unprotected shafis, or
open statrs and escalators. a fire could rapidly spread to the upper floor. An uaprotected
opening would be: .

* Any vertical shaft enclosed wtth' less than a 2 hour fire rated wall construction or any
openung into the shaft with less than 1% hour fire rated doors. This would tnclude pas-
senger and frexght elevators. :

* Cable opentngs without a listed, fire rated through-penetration system.

*  Vertical run of a duct without fire dampers. or listed, fire rated through-penetration sys-
tem.

¢ Atriums and open space light shafts.
The PML will also depend upon whether the buiding s sprinklered. The location of the

shutoff valves for each floor and the area covered by one system should be considered. The
adequacy of hose connections and standptpes should help reduce the PML.

Sprinklered Building
When determintng the PML, use the floor with the highest value, then assume the sprinkler

system on that floor is tmpaired and a fire would destroy the entire floor (100% of the foor).
If there are floors with vertical openings between them. use the single fire area as 100% of
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PM.5.6.1 :
September 1, 1995 CONFIDENTIAL

floors. these floors should be considered a single fire areca. When there are no verucal
openungs. siart the single fire area calculations eight floors down from the top.

In addiuon to the fire damage, water and smoke damage must be considered. For smoke
damage, use 100% contents and 100% building for the floor above the fire floor and 5% for
each of the 2™ thru 6® floors above the fire floor. Water damage can be calculated using
25% of the butlding and 75% of the contents for the floor below the fire floor and 5% for
cach of the 2™ thru 6™ floors below the fire floor.

Example 1: A bullding is 25 stortes. with a PD building value of $15,000.000 or $600,000
per floor and contents valued at $10,000,000 or §400,000 per floor. There is an open
stairwell between the 10® and 11" floors, protected verdcal shafts, proper AS density.
sprinkler shutoff valves on every floor, and adequate water supplies. (See Figure 1.}

Fire damage in the single fire area would be 2 x S600.000 + 2 x $400.000 = $2.000.000.

Smoke darpage would be 100% bullding and contents for the 12™ floor, 5% of the 13* thru
18% foors or 100% of $600,000 + 100% of $400.000 + 5 x 5% of $1.000.000 =
§1.250.000.

Water damage would be 25% butlding and 75% contents for the 9% fioor. 5% of the 8% thru
4 floors. or 25% of $600,000 + 75% of $400.000 + 5 x 5% of $1.000.000 = $700,000.

Total PD PML would be $2.000.000 + 1,.250.000 + 700.000 = $3.950,000 / $25.000.000 =
0.158 or 16%: round up to 20%.

Example 2: A butlding s 25 stories. with a PD budlding value of $15.000.000 or $600,000
per floor and contents valued at §10.000.000 or $400.000 per floor. The sprinkler shutoff
valve covers 4 floors. There are no vertical openings. There ts proper AS density and ade-
quate water supplies. Start the calculations at the 14™ floor. (See Figure 2)

Fire damage tn the single fire area would be 4 x S600.000 « 4 x S400.000 = $4.000.000,

Smoke damage would be 100% butlding and 100% contents for the 18" floor. 5% contents
for the 19% thru 23™ floors or 100% of $S600,000 + 100% of $400.000 + 5 x 5% of
$1.000.000 = $1.250.000.

Water damage would be 25% butlding and 75% contents for the 13" floor and 5% contents
for the 12" thru 8* floors. or 25% of $600,000 + 75% of $400.000 + 5 x 5% of $1,000.000
= $700,000. .

Total PD PML would be $4,000,000 + 1,250,000 + 700,000 = $5,850.000 / §25.000,000 =
0.238 or 24%: round up to 25%.

Unsprinklered Buildings

Normally, a 100% PML should be used unless physical characteristics suggest otherwise.
Such things as fire resistive construction throughout with light combustible interior load-
ing. or an office complex with multiple towers and several common connecting levels would

warrant a lesser PML. When a PML less than 100% is used, the detailed review of the cir-
___cumstances miust be approved by the AVP-ALP. : '
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PM.5.6.1
September 1, 1995 CONFIDENTIAL

MFL DETERMINATION

To determine the MFL of a high rise bullding. construction features must be known. If the
butlding is constructed with all glass exterior walls. then the MFL would be 100% of the
cotre building. If the bullding has glass windows and noncombustble curtain wall for the
exterior, and interior partitioning the likelthood of a 100% MFL is low. For example: the
Exptre State Bullding has small glass windows and concrete curiain walls, I¢ could be dif-
Bcult to have a 100% loss of the bullding. '
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1-3 High-Rise Buildings

Page 2 Factory Mutual Property Loss Prevention Data Sheets

1.0 SCOPE

Tris caia she€t examines the unique hire hazards. associated valn nign-nse buizings vwnese udper ficors
are above the public fire oepariment’s ability to ight a fire Irom the exienor of the puitaing 2 meonasis 1s piaced
€1 conahons tnal raquire special attention including extaner ano mitena: lie soreac, sies Rrstecuon. lire
ex2osure. SMoke control, sprinkier protection. and manual hre tigning

2.0 LOSS PREVENTION RECOMMENDATIONS

2.1 Construction

1 F9° naw Ugn-nsE LUIDINgS. e hire resisiance of maor strusiurs: comasnents snouic oe at least equai

on
to.

z atues 107 hogr sig2s and beams
3 nours for coiumns
g ncurs 1o snalts ano chases
2 A3urs {00 stainwven NS elevatdr enclosures.

Virare §T3ileT 90 mussn hire.cesislive C2alinNgs are encounterec ¢ New: ©f ExISiING SoNsirushion. the maxi-
mum 3-8& of scalling that can pe 1aleraleC before repair IS Neeges 1S ONty 2 few §suare ingcnes

-

Y Zonzeets (ST 18 £rEoosed for nav $onsILSY GmF 2HINE €$5:30 .20 8iI0erardNs out-
me 2Ei0% $70U13 b2 €2 loyec 15 i spalling anc weasgnng ui e CInsTHe ¢ f.r@ exposure:
T Brauze 2 g 'e13ian SOVeTNg Ove” the oulet sytals Ut nt v

s 1hssiy e HSC mux, as vendiac Sy hre test

*€35:278.0ity ¢! 102 CesiTner 1D venly N2t te £oCooREl, RUTTEINCN T S mE3E 00 13U variglion pro-
c2cuatE lice re3isianse 25 'S0 TIeN2EC EDOvE
2 Tne extenar verlical spread of fire.in unspnm{lerec puildings c2n 02 MIniMized venan tne gisiance between
any rogr ang the battorn of the wingow on the next Story above 15&: H2or (M) s 2t least 2.8 imes the win-

cow height (h) it wincows are closed. and at least 3 B times the winzow neigntif windows can be opened, (See
Fig 1A Extenor vertical fire spread can be prevented il

H 2 2.8 h. it windows are closed (permanently)
H 1 3.8 h. i winoows can be opened

when there 1S more than ¢ne wincow per flocr {in tne vertical cirestion; (ne distance {MH’) between the top
o! the lioor of expected lire ofnigin and the (0p of the /oiwer win2ow on 1ne (1597 above should De at feast equal
1o 3 8 umes tne sum of the winoow heights on an inawrsual Hesr 15 nep prevent verical exteror fire-
spread. (See Fig. 1B.)

H 2 3.8 hy,
wnere h,, = height of lower window plus heigni(s) of uppar wincow:s:s)

Sucn protection is considered eguivalent 10 H 2 2.6 h. wnen {ners 13 97y 018 wincow Tnis assumes atf win.
dows are closed.

Wnen windows can be opened. tne tollowing ¢riteri2 snouls D¢ me:
H'248h,,

I! separation 1S less than recommenaed 2bove of if tne extena® walls conian combustibles. ine potentia!
tor extenior verical firespread via windows exisls.

he- =y » hy

H' 2 3.8 hy, (For Closed Wingows)
H' 2 4.8 hy, (For Open Windows)
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High-Rise Buildings | 1.3

Factory Mutual Property Loss Prevention Data Sheets Page 3
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1-3 High-Rise Buildings

Page ¢ Factory hutual Propenty Loss Prevention Data Sheets

Ooenungs petwesn fi29rs founa 1n snN2Ms. cnases ana siawels o STemings im patilidns deiween lidor
greas. shoulo. pe protested witn Fastory Mutual Researsn Corpsranca (FMAC) agproves anz ladeled nor-
mally closeg or automatlc closing fire goors having a hire rating of at least 13 nours (unless otnerwise noted)
anz instalied 1n agsoraance witn Data Sheet i-22.

4 Openings in 11997 siabs usex 107 utilities (0oke-througns) SN0 be protestes wih FMAC-aco-oved lioor
peneirguon hire S1ops win @ 2-nour fire resistance rating.

3 Panels yses 19- exienor walls should be noncombustibie Exampies incluze contrete, masen:y. 0° §'ass
{imar msulatec steel sanawicn panels. Tne paneis ang frames snoulc de ugntly secyres at each ftoor (1o pre-
var: Oulwars buskhng unge’ lire expasure). wilh tne space dbetvwaen tne caneis and tne 1loor siats filled wath
F -c-.:a'"ousn:>|e firesal:ng (lure-stopomg) matenal susn 2s mineral wool o° ceramic fiber, wruch has passed
s firg resisiance tesiby 2 gruzec testing 1ab 1or a mimimuT 0! twd nou*s Because fioor dimensions are
Lsualiy hmitec i 2 nlgh-rlse Duilcln;. intarnal expansion jonts tetween 100! sactions are rarely proviged.
rawever i suzn a situantion 1S encountered. similar protection as oescrbec asove snoulc he recommenoed.

ﬁ

1235 Y1587 1 NSt asceotable as firesafing. The firesating snoule be securaly held in place. 2 clips may also
be useq 1¢ sunoon the wnzersioa of, of 1o pierce. tne iresahing ans hals it in plaze. (See Figures 2A to 2C
100 22D190"1Ete cesigns: )

Firestcpoing (Firesating)
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Fi9. 2A Extenor wall 9I3ss N Ml rr@ame Fresiosoing Msto~ L1 1= S22 292 SLSDSTES Oy ¢l angle.

Giass exterior claading may aiso be uliized as long as intenisr clasaing. such as sieel panels or gypsum
boarz. hmit.the wingow heignt 10 within the range noted In P.e':o'n-nen..auoﬂ No. 2 above.

Wnen giass extenor cladding is utihzed. spangrel ne:gnts must be celines by intenor claoding such as steel
paneis or gypsum board.

Tne location of the honzontal joint between vertical sections o! ¢lass panels 1S also cntical. it a vertical sec-
non of giass panel spans from flaor to fioor vatn honzontal 10102 17 ne watn tne 1007, the shattenng of glass
on tne fire floor and the floor above snoulc be assumed. znc 1 aq2wsis of extenor lire spread potential
snould be tne same as tnat for openable wincows (H > 35 ns

I* the honzontal joint between vertical sectio=s of olass pane!s 9csurs at tne top of the spandrel immedi-
ately above the assumed fire Hoor (see Fig 2D). and tne winoow sill 1S steel, it should be assumed that the
glass on the fire fioor will shatter bu? tnat tae next class cane: asove vaili remain iniast anc seal off the win-

“¢ow opening on tne lioor apnove the fire il the wincow ratio s M 228 h

Sandwich pane! curtain walls utihzing aluminum skins, combustible nsutation (such 2s foam plastic) or no
insulaton snouid be camplelely inmerrupted at each floor witn a parnie: of equal hre resistance to that of the
floor.
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Fig. 2C. Firesating SLsoom weides 17 pase

6 Alnums and other open areas that exienc between muitiple floors snould be separateg trom adjacent
occupled areas by a smoke-tight fire partition having 2 lire-resistance raung of at least iwo hours. Open-
ings should be protected with FMRC Approved ang labelleo (normally cleseg or 2uiomatically operated by
smoke detection) fire doors with a mintmum 1-1:2 hour fire rating It vangows are proviged n the fire pani-
uon, they should have a minimum 1-1/2 hour fire raung '

7. Protection against wind and earthquake snould be aczomoiisnes » accorcance witn Data Sheet 1-7 and
Daia Sheet 1.2, respectively. Root assemblies on tugn.nse buloiNgs snauic de designec 1N accardance with
Ihose of the tollowing reterences whicr apply Data Snheets 1-28. 1-29 anc 1-32. anz tne FLIRC Approval

Guice, '

8 Guigelines relating to vertical firespreaa in Data Sheet 1.3 9o nat 2pply 10 leaning rign-nse buildings,
{See Fig, 3.) : .
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2.2 Pire Protection

1. Sprinkier protecuon 1s cesirable for all fugh-nse buldings anc 5 *ECITENTET E5 (NGWS
a. For new cansiruclion, autemang sghinkier proiecion S0uIS =@ pravcec mezuznaout 2l nigretise
buildings. :
b. For axising SLECINGS. sonnxier protection snouid be provicec for arezs with & sigrificant combtustic.e
lcacing.
¢. All atnums shoulg be proviced with scninkier protecuon at the roof level as well as at eacn floor. uncer
corncars or alconies lacing ihe atrumn. i the ceding or "ocf :s 0@ nan 3T ‘118 M) nign. ne SoTCUs-
ugte 10acing snouid te maintainey at a hrmiteq level
¢. ‘Nhren installiing new sprinkler risers in axisiing budangs, vaivec ncse Sutlels snould Se previces &t

all ficors wnere sorinkiers are not proviced. Valving sacyiz aCt £@ Srov:cec on (ne niser sell, ucsiream
o! 1ne lire decanment pumper conneclion
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Fig 3 Leamng mgn-nse Duidings

2 Spnnkiers should be installed n aczorcance with Data Sheets 2-8N anc 3-26 Pipe sizes may be based
on pipe schedules or nydraulically designec systems, as approp:iate for tne occupancy Wet pipe spnnkier
sysiems may be hygraulically gesioneg as tollows:
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In O¥ice 0f resinantal grezs. SONNKIEIS SNQUIS DroviSe & MNTL™ 0! T 10 €3N ST K (S M min; ove” tie
most hyoraulically remote 1300 sg 1 {280 sq m). See Data Sneet 3-26. Section 2.3.2, 19° mazilications 10 oen-
sities and areas.

Lipranies witn large stack rooms snoula be protected as outhines 1 Daia Snes! 3-5N
In MErggntis 27628 SONINKIZTS $72uUIS proviae @ menwmum of G 33 cal'min'ss & (5 mmemin, ove’ the mos!
hyerauiisally remole 2500 sq K (232 sam).

a2l 0 1ng apove czses N2 nose siream allowance 1 252 gal mun 16435 cu grmrminy. (ne ousassn s 50 mun.
Lies a4z ne sprnwier lemperature rating 1s 185°F (74°C)

(N

tezial arrengements. suCh as storage. exnibition nalls. eic . snoulc D@ protactes ascsroing to apphcable
2z sn2sls
Sravice &~ adeguate waler supply 1or fire protection assording to Data Snest 3.26. Daz Sneeat 3-7N/

3-4N. ang Data Sneel 2-8N. Pressure shoult not exceed 175 psi (1205 kPa) (12.1 bar) on sprinkler pip-
m2 SStinkier reass 213 SaSkilow preventers.

o]
.
'

VWneever DTs5:0le 22580 vEle” supply 212 fire protection systeTs 1S 2vois Ine nead 1of pressure recuc-

va'ves \Wasn unavoicadle. O7ESSUre regusing varves snouls oe msizlles in acsorsanse vain Dae Sheet

)
i

-s ¥

[ 9]

5 Proviae stangoipes o7 Clzass Il service wiln botn 232417 (84 mm: ans 1% ;-in (23 mm™) hgse connec-
11cns 1t gscoroance vatn Data Sheet 6-4N. Tne water Supply snouic be anie 10 provige a total demand of
320 gal'min (1880 cu emrmin) plus 250 calmin (945 cu om:min) for 2220 acoitonal stancoine at an adequate
scressure at in2 topmost sutiet Tne fire oepanment Snould be contactes 19 celermine needzad viater pres-
SuTE. {2xIng INIS CONSISEralon the operaing pressure for tne samicuizr NSsies uses &nt tnction loss through
tne nose. The sprinkler 2nd hose cemand outlined in Regommenoatian N¢ 2 neec not be added 10 the smme-
c.51sly 2bove cemanos. but shoulg be available as recommenoed

& Instalf grouped elactncal cables ascording 10 the Navonal Elecincal Cezs ane Dztz Sneet 5-31/14-S
soles anc Bus Bars. .

7. Providz 2 supervisec fire alarm sysiem connecied to a consianty altencas location Tne alarm system
snould at least monitor waterfiow alarms for each sprinklerec floo:. all smoke ostestors. and heat datectors
11 unsonnkiered areas. and should provide elecirical supervision fo- fire pumos, tanks 219 reservoirs in
z:scorcance with Datz Shee! 8.1 anc other applicable 0at2 sheets Due 19 10¢ Jarge numder of sprinkler vaives
and tne imaact of a snut vaive. constantly monunored valve 1ampe- alzrms ar2 a1so preferred.

8, Provige portable fire extinguishers in accarcance witn Daiz Sneet £.3

2.3 Smoke Control

Because of the many variables of building consiruction. cantents. ets.. only ine very broacest of generati-
ties can be acoressed concerning tne features of a smoke-zonu:0l systern For 2camonal intormation, refer
1o Section-4.2, Smoke Control.

1. Ducts for air conditioning and exhaust systems shoulc be protest=2 i ascorcance with Data Sheets 1-45
ang 7-78,

2. Smoke control for atnums should be provioed as loliows

a. An independent, mecnanical smoke exnaust system snou'c be prov:deg 2t the 1op of tne atrium for
removal of $moke which nses 10 this level zom 1ne Sase of tne atnum o7 trom fioors opening 10 it, The
exnausi system snould be designed to provice at least six air cnanges per hour in the atnum. When the vol-
ume exceeds 600,060 cu ht (16, 800 cu m), tne exnaust system snoulz be gesigned to provide at least
four air changes per hour.

b. The activauon of the exhaust system snould be accomplisnes vain smoke detectors installed at the
atrium ceiing level, in accoraance witn Data Sheet 5-48 ano tne FMRC Approval Guide

¢. Where practical. the air-handing systems 1n areas facing the atnum snouic be oesigned to pressur-
1Z€ Inese 2reas ypon sMoOke getecuon 1o léssen tne smoxe camage
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2.3 Fire Department Operation

1 In existing unsprinkiered builaings. stairwelis or otner enclosures wnere manual fire ignung equipment
(sianzoipes. fire extinguishers. ets.) 1S lotated should be protecies as foliows

2 Tne enclosures should have at least a 2-hour fire rating.

2 Qoeanss in tns enciosures snouls be protected vath mimmu™ 11 :.Aou- fir2 rgiss normalky closes of
autcmatically cosrated fire 0Oors

c \Wn2re prastcal. operings tC 2ccommodate at least two 2'2-in (54 mmy hose ines should be pro-
v.262 11 tn€ enciosyure. 5t eacn flos: level. 1o aliow passage of nose ines 1rom tne protecteo engiosure.
Trgse 0o2MNZS $7OUIS De mamniaines normally closed witn €20s of gamaers of egual fire resistance to that
2! inz enciosure Tney snouis DF used only Dy tne fire Cepanttent 9 autnonzes puiicing personnel.

2 To wess ina stainwell encizsures free of smoke guning a fire, the enciasures snouls te pressunzed as rec-
—menaes uncer "Smoke Contro!” and Recommenoation 3 below

3 A= inz2pensenl ar suspiy Sysiem snoulc be provioed 10 pressufnize 1ne siainvells 2s tokows
2 Tng ar orefeadiy snould be suaphed through 2 single Cuct runaing verically insioe tne siairwell

c  Airmyschon should pe provioed at every ciner flodr 10 ensure 2ir movemen:, whigh will maintain
oressunzation,

¢ Tne ar-gistndslion system should be continuausly sell-batancing, elirminating tne need lor extensive
&Z;usimenis 1Shovang instaliaion.
= Tee sizinve! 2r2ssunZalion Sysiam snoulo be arranges 11 22125 comINusing 2 maximem ¢f 14 sto-
nes B87 20N€. The system snould be gesigned 19 Mantan Bressunizausn win inree COors Open per zone.
e Fans, powe- supply. and distribyution sysiem snoulo be proteci2¢ by 2azissing tnem in construction
¢t at1zas: 2-nour fire resistance
t i two.ciflerent 2ones are locztes on tne same !99r tney snoule e separzied trom eacn other by fire
walis of equat lire resisiance 10 tnat of tne siainvell enciosure

4. Cocmbustibles should not be stored in tne stairwell enclosures

5 Provide 2 oiesel Or gasoline emergency generator, caoable of lurmsaing oTwwe” 100 emerzency highting,
communication, emergency elevalors, fire pump. anc Smoxe Coniro!l oDerandn g5 2 mntmum Tne tuel sup-
ply snould be aceguate for the full Gemand for a miumum of two nours

& The fire pumps, the emergency generator or other power supphes anc associated fue! supphies, shoulg
be protected by enclosing them in constructon of 2-ndur fire resistance.

7 Elevator protection oepends on the size anc lype of the builang Tng tollowing recsmmencations are
adapiable 10 the particuiar need.

2 High-rise buildings should be designed so that elevator snafts are away rom Ine areas of potential
hire danger: i.e., on the perimeter or in an isolated core. I this 15 noi tne case. elevalors ano snafts should
be otnerwise protected against heat anc smoke as recommenses ynoe: “Smoxe Control.”

b. Elevators should be positioned so that activalion of a hre atarm in the emergency communication cen-
ter will send them directly 1o the first tioer or lobby.

. At least two elevators servicing each floor shou!? nave tne aDility to be oedicatec tor fire fighters’ use
and 10 be operated with special keys. These elevators snouic be in protectec snalts For new constryc.
uon tnese snafts should have a 2-hour fire resistanse

B An emergency communication center should be established for tne lollowing lunztions, ascording to the
size of tng bullaing ang its fire hazaros.

a. The control pont tor emergency communication.
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S The contrp! Dot 137 emergency 0DErahon of i INe DUNTing @IS MEINAMIE! SySlems sust as fans.
elevators. smoke.conicol. fire protestion, els

c. The center for directing fire fignting and rescue operauans

2.5 Human Element

1. An Emergency QOrgamzation snould be esteblished and traineo for emercency acuon. It snould be unger
tne cirection of Hunaing management and trained to hancie emergenly siuatons Key personnel should
inziuae 3 persan in cnarge, someone to call the public fire oepariment. tire pump operator, ang sorinkler valve
ooer2:215. 25 @ miimym Tne cacperation of the builging owner an2 tenanis sNoulc be sougnt so that ample
+a1nes parssnne! will be available a: all umes 10 nanale emergensies Tne person 1n cnasge shoulo ¢oor-
cimate wiin tae pudns fire 3eDanment 10 planning for any emergensy Tness 0la=s §nouls then be reviewes
anngaliv A persan kaowiasgealie of the puile:ng coNstruslion 81S sstupancy SRSl De sighioned at the
Tuising COMMans center 10 assist anc Girect the pudlic fire cepanment.

2 Tne lie alarm anz smoke control systems. iNZluding aiarms 212 snLidewn Cevices snould be thor-
c.3hivinsoactes ans cneckad tor proper operalion by acecuately ranes pe°sennel 2! leas: every six months.
In sEmizuizr the 1okowing eQuipment snoulC be examined

& Tne sysiem activating devices. such as ‘usible links or heat o~ SMoxe detectors, snould be checked
1S see 113t tney are not covered wiln Or coNlain resioues, or are otnerwise (Mpatired.

o Fre ans smoke camoers snculd be inspected at least annually 1o detect camage. obstruchons and cor-
s:on.

.
(s]

2 =ga!l 272 s™oue ceteslor syslems shouls be insoacied ane iesiss Nlatulasiure s o insiallers’ rece
£TmensElons snoule be followed in maintaining, Nspesting ans 23hNg 1€ equipment.

¢ Tns overall system should be arrange? so that it can be azecuately testec every six montns by simu-
iaung eme gency MGSJe CONGIIONS. -

3 Al esuipment requinng servicing anc testing snoulc oe reasry gctessidle. anc 2 pracical means should
be provided for aoequate cleaning.

4. Suticient instrumentation should be provioed for testing ang martaiming the fire protection equipment.

5 Fire pumps. sofninkle: systems and standoipe systems snouls e maintained. inspected, and tested in
assoroance witn tne applicadle FMRC oata sneets. All equiomeni ans cont’d!s snoulc be clearly identified.

£ Testing an2 mainienance manuals for gtner fire protesi:icn e2uiomEent srould be proviced in accordance
witn the manulacturers’ and installers’ instrustions. Tnese sasulc cik:0e operating, servicing, testing and
troudlesnogting instruction.

Fis Eagr Camm Feb 1990
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MFL OF HIGH-RISE BUILDINGS

HEFERENCE FM GLOBAL OPERATING STANDARD (0.S.) 1-3;
E. D. DIR‘CTIVE §-96 DATED 3/15/96;

I. THE REGUIREMENT

T3 communicate complete and accurate high-nise building MFL information to the account team in a consis-
120 anc efficien; manner.

1. MEASUREMENT
#. Tne assount team will be satisfied with accuracy and completeness of high-nse MFL evaluations.

»

Imoroved accuracy of high-nse MFL evaluations wil result in optimized reinsurance cos:s.

© . INTRODUCTION

A. Tris PAP provides guidance on analyzing the MFL of high-rise buildings. which are buildings whose upper
floc’s are above the reach of fire gepartment aenal hoses (usually more than 75 fi. [(23 m)] grade). It helps
evaluaie vanous unique 1actors ot construct:on, and it makes specific use o! fire department response. This
wi.. aliow tne reader to getermine the MFL area, advise wnen to maxe tnis determination the hirst tme. and
¢ive GuIoance on tne INSpecuon and report.

B. Tne P&P text and MFL Decision Tree are an integral unit and need to be used logether to propery deter-

mne tne number of fire fioors. Once tne number of fire floors is determuned. the text gives guidance on smoke
and water damage. See 0.S. 1-3, “High-Rise Buildings,” tor dehinitions and techmical desciptions ot van-

' ous consiruction teatures.

WILLIS

C. This P&P was wntten considenng nommal construction practices lor High-Rise Buildings. It s expected
that there will be sorme unusual features or condituns (such as leaning buildings} where considerable judge-
ment will be required to augment this guide.

D. It unusual construction features are encounterec, aiscuss them with the #M Glopal operations center high
nse or MFL specialist, slandards engineer, or engineering hield manager.

E. These guidelines should not be used wholly or in part for other than high-nse buildings or for occupan-
cies beyond the scope of this P&P.

F. As with nonhigh-rise MFL evaluations, protection reliability should be determined using O.S. 3-29.

IV. WHEN TO EVALUATE MFL

Analyze the MFL during all candidate. first and regular visits where it has not previously been done. For exisi-
ing locations not evaluated per thus PP, re-evaluaie only if TIV exceeds $50 million. For any high-rise MFL
analysis done duning special visits, follow the instructions on the “Authonzation for Engineenng Services”
Form 135 or equivaient.

There are instances where 2 full high-rise MFL analysis should not be done, such as locations where the insur-
ance companies have limited interests or where the building is only a few stories above the reach of fire
depaniment aenal hoses. In such cases use judgement. Either do not change the MFL or do an abbrevi-
ated evaluation, and comment in “items of Interes!” on the report,

V. GENERAL MFL SCENARIO

This brief scenano covers the main leatures ol an MFL high-nse firte, and gives added perspective to what
follows.

©1999 Faciory Munat tnswrance Company Al nghts reserved
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A fire starts on a floor above the reach of mobile fire depaniment apparatus. In buildings with mufti-floor
operungs (stairs, escalators, open atnums) on lower levels or in communities with volunteer lire depart.
ments. a fire may start on 3 lower floor and spread upward {0 inveive the tugh-nise.

The floor of origmis fully involved by the time the lire depantment can actually access the fioor and fight
the lire (delay is expected due to tenant evacuation, discovery time, traflic, set-up ime, eic.).

Special teatures of building construction may hmit the lire to extensive involvemnent on only one fioor, with
some lire damage above 1t due to unprotected poke-throughs, Beyond this, many variations are possibie
based on construction and fire cepantment response.

it only interior avenues of addiional vertical fire spread are likely (e.g., via poke-throughs, but not atri-
ums, open stairs, etc.), a paid PFD with good response can generally contain the expecieg small fires
above the tioor of origin. This would result in fire irrted to two floors with heavy damage 10 the lioor of ori-
g, and lesser fire damage above that (plus smoke and water damage). Variations in construction dis-
cussed in the text and shown in the decision tree may increase this two-fire floor scenario 1o three, four,
five or more fire lloors. ]

il exterior venical spread is possible, the fire can spread by both interior and exterior avenues. It is dra-
matically more challenging due 10 increased Size, speeo and intensity. Fighting it requires a few hundred
personnel, extensive breathing apparatus equipment and refiffing ability. special planning and Iraining,
etc. The tire may spread to the roof although favorable features of construction and PFD response may
limit it to only five (5) floors.

= It the fire can’t be contained within live buming floors, it will probably not be controlied at all. It will spread
to all upper tloors unless stopped by a fire break such as a tail, blank, noncombustible mechanical equip-
ment fioor with blank extenor walls.

Vi. BEFORE USING THE MFL DECISION TREE
The decision tree is a job aid for predicting the number of fire floors in the MFL area.

Several assumptions and conditions guide its logic, and apply to those stories located above the elevation
of fire department reach up the building extenor:

A. 1. The decision tree is intended for typical high-rise buildings containing commercial, business and resi-
dential occupancies. It applies 1o ancillary occupancies common to these buildings like file rooms, retail
shops, display areas, show rooms, stock rooms, pnnt shops and shipping/receiving areas. It does not
apply to garment or other warehousing. department stores, malls, garment or other manufactuning.
it is based on high-fise loss experience of mostly offices and hotels and some hospitals, dormitories
and shops.

The decision tree is not infended to agply to other occuparcies of 1o non high-fise buildings.

2. In occupancies with scant combustible loading, serious tire exposure and spread to upper floors is
not expected, so this procedure will not apply. (See Q.S. 1-3 for gelinition of scant combustible loading.)

B. To qualify as protected steel construction in Table 1, the fire resistance of major structural components
must be at least equal to:

1. 2 hrs. for floor slabs and beams
2. 3 trs. for columns

3. 2 hrs. for shafts

4. 2 hrs. tor staicwell enclosures

It the fire resistance of shaft or stairwell enciosures, lloor slabs or secondary beams is deficient, consider
the fire will involve all fipars abave the fire floor, with structural damage limuted to the related member. If the
tire resistance of columns or primary beams is deficient, consider that the fire will involve all floors above
the fire floor and that major structural damage will occur. Where column lire resistance is less than 3 hours
but at least 2'4 hours, conditions may be tolerable based on Figure 4, No tolerance is atiowed tor other buila.
ing members.

©1999 Focrory Mutual insurance Company All nghts ressrved
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C. Except for limited isolated areas, ceilings should be noncombustible.
it not: The fire will spread up to all floors rapidly from window to window.

D. Interconnected stories occur when two or more stories are connected by an open stairway (of equiva-
lent ready pathway ot vertical intenor fire spread).

1. When H > 2.8h and exterior walls of masonry, granite or concrete construction are connected directly
to floor slabs, any number of interconnected floors are permitted. {(See O.S. 1-3 for definitions of M, h.)
(See result of "N«1" fire floors in the deasion tree.)

2. For all other types of exienor wall construction and H:h ratios, no more than two stones may have a com-
mon interconnection(s) (e.g.. one broken fioor stab). A building may have any number of such pairs as
long as the single broken floor siabs are separated by three or more unbroken floor slabs. if these limils
are exceeded. consider the fire will spread from these floors up to the roof or possibly to a fire break.
See Figure 1 for examples, and see Section VIIL.H, tor fire break details.

E. Bullding fire pumps are considered to be out of service.

F. There may be poke-throughs (openings for pipes, wires, elc.) between fioors, but there should be no con-
unuous openings outside the core areas connecting muitiole loors. .

G. Where there are continuous rmulti-flcor openings outside the core, there will be lire involvement of the
enure building above the fire fioor. (Small isolatec shafts, such as gravity mail drops. need not be consid-
ered unless they contain conveyors or other mechanisms for suspending combustibles throughout their
length.)

H. The tower is not exposed by abutling structures such as malls, casinos, etc. (whether connected or not);

1. having an occupancy capable of causing roof collapse thereby exposing the tower (any occupancy
requinng sprinklers can collapse an unprotected steel roof); and

2. so large that hose streams cannot reach the tower itself to prevent vertical spread.

Note: If, in this case, the PFD is considered to be unable to prevent exterior spread, the decision tree
may still be used, but all questions related to PFD must be answered “No.” In addition, a high-rise that
is exposed by such an abutting structure would have many lower floors invoived in fire simultaneously;
unless construction features prohibit intenor and extenor spread, all floors would probably become
invoived.

In the instances where a high-rise building is abutted by or above a low-rise commercial or mall building
and a fire in the lower building exposes the high-nse, several evgluations may be required 10 Jeter-
mine the largest MFL area. which might include the tower, the low-nse, or both buildings. In these instances
the evaluation for the low building shoutd be done per conventional MFL guidelines.

Vii. USING THE DECISION TREE
The following explanation of terms may be heipful:

A. “Masonry, Granite or Concrete Walls Connected to Floor Slabs.”

The floor supports the masonry, granite or concrete wall, or is constructed so no floor-wall gap exists or can
be readily crealed by ths lire. This prevents upward fire spread inside the building at the floor-wall connec-
tion. Answer “NO" if there are no such masonry walls, or these wals exist but are not connected 1o the floor
sfab. .

B. “Perimeter Flue Space.”

The space that occurs between the edge of the fioor slab and the inside suriace of the curtain wall panel
in modern construction. This can be several inches 1o more than 1 ft, wide ang will aliow the passage of fire,
heat, smoke and water between floors. This space is usually filled with 8 noncombustible or fire resistive
material calied “Fire Safing.” .
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FIGURE 1

Examples of interconnected floors per assumption/condition
Section V1.D.2 oniy.
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Note: Fire would already be spreading around flaor slab edges and via poke-throughs for
conditions of Section VI.D.2. The "No" arrangements would facilitate significant additional
interior vertica! fire spread to a degree where we expect an uncontrolied fire situation.
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c. “Adequite s:ﬁng."

This asks whether the penmater flue space has fire safing. A “YES” can include fricton-fit saling with minor
voids. This would still mpede upward spreag of fire and allow the fire cepanment to gain control. This is
the cntena tor 3 YES-NO decision. Note the safing matenal must be fire-resistant; ordinary fiberglass ther-
mal insulation does not quality as safing. New fire safing should have a two-hour fire rating as speciliedin O.S.
1-3. For aaditional information, refer to Engineering Bulletin F9-91,

D. “PFD Can Control interior Fire Spread.”
To answer YES, we need all three of the follomng conditions:
1. A fully paid fire department.

2. Apumping capacity of S00 gpm (1.9 cu.m.J/min) per each fire floor predicted by the decision tree at efiec-
tive pressures (100 to 125 ps: [703 x 102 to 880 x 102 kg sq. m]) at the hose station outlet to support
hose streams on the fire fioors.

3. Standpipes are in service. This means they are arranged so that no single vaive can stop the flow of
water trom the pumper siamese 10 al standpipes. In the rare case that such a single valve exists, is acces-
sible, and 1s expecied 10 be checked, consider standpipes t0 be in service. Note: we can expect it 10 be
checked if the site has an adequate valve inspection program and checking the valve is par of emer-
gency procedures.

Also consider the presence of pressure regulating valves (PRVs). Where PRVs are present, they must
be properly set, well maintained, and fire department and emergency organization personnel should be
farmiiar with their operation. If not, the fire department should not be credited to controlling interior fire
spread. (See Data Sheet 3-11 for information and guidance on PRVSs.)

The paid fire depantment aspect refiects the traditional ability of a depanment 10 have the training, per-
sonnel, and equipment 10 successiully attack an indoor fire. This is the same general cntena as we have
been using to mark PAID on the F&EC Survey.

The ability of fire fighters 1o prevent both intenor and exterior vertical fire spread is limited to that por-
tion of the building within the pumping capacity of the fire department (usually about 30 stories). Above
the level of adequale water flow, do not credit any fire department to be able to control intenor or exte-
nor fire spread. The pumping source is most likely fire depanment pumpers but it may also include fixed,-
off-site pumps that feed standpipes in the subject building. (See 0.S. 3-7N for intormation about the capa-
bilines of mobile fire department pumpaers.)
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E. “PFD Can Control Exterior Fire Spread.” '

This special category of response requires a very large commitment of equipment and specially trained per-
sonnel. We need the ilems in Section D [above) plus an evaluation of the responding fire depanment.
The evaluations were based on:

1. A runimum of 250 fire fighters available per shift.
Note: Additional factors to be considered:
a. Quality of personnel including training.
b. Proximity -of personal residences (relates to ease of off-duty recall).

2. Mutual Aid arrangements in place with formal agreements and actual joint training conducted (not nec-
essarily high-rise specific training); or, manpower level of 500 per shift.

3. Use of the incident Command Systern or equivalent, for fire ground control,

4. A documented departmental high-rise procedure that covers such items as hign-rise preplans, train-
ing and general fire attack methods, '

In agdition to \he above, the foliowing favorable factors may have been considered. The fire depart-
ment:
S. Wili preferably conduct actual field high-rise training dnlls for fire fighters.

6. Will maintain detailed building specific prepians for all high-rise buildings. This program should include
a method of updating the preplan.

7. Wil preferably have an increased initial response 10 a tigh-rise fire or an increased initial response
10 a confirmed fire alarm.

These seven items are for information only. Actual evaluations use more detailed critena and normaily
include a visit to the department headquarters.

A list of public fire departments (see Appendix A) that have been evaluated, including those that qualify
as being capable of controlling exterior fire spread, is reevaluated and upgated annually. Note that if build-
ing conditions do not permit the fire department to be capable of controlling intenior fire spread, an oth-
erwise qualihed department will not be able 10 control extenor fire spread. Also, if water sources for
standpipes/hoses cannot effectively reach the upper fioors (see Section VII,D.3), then the fire depart-
ment cannot be expected to control fire spread on those upper floors.

F. “.5h<H < 1.78h"

This 1s a special category where exterior fire spread is possible. but it may still be controlied by favorable fac-
tors. in general, these favorabie factors assure that fire fighters need to be concemed only with exterior
spread (window-to-window); all predictable avenues of intenor spread would be stopped by the construc-
ton arrangement. )
This arrangement rules out any interconnected floors, requires excelient fire depariment response, and
includes two features even better than in other categones:
1. Safing is mechanically secured in piace — it remains there even if the exterior wall buckies a few inches.
(See Figure Nos. 2a, 2b, and 2¢ in O.S. 1-3 and Engineenng Bulletin F9-91 for examples of accept-
able mechanical securemnent.)
2. Poke-throughs/penetrations are:propeﬂy sealed with fire resistant materials or fire rated devices. For

exarmple, duct dampers rated at two or more hours are provided on ducts as they pass through a floor; or,
a two-hour rated fire stop sysiem seals {loor penetrations for a group of vertical water and steam pipes.

SPECIAL NOTE: A continuous high level of integrity of these favorable features is critical in this cat-
egory to imiung the MFL to only five fire fioors. These factors should be verified annually. See corm-

ments that foliow under “THE INSPECTION.”
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Viil. OTHER BUILDING FACTORS
A. Atrlums

Atnums that terminate below the threshold of high-rise height don't adversely aliect the outcome of the deci-
sion tree since they are reachable at all levels by ladder trucks. Atnums that extend up to or beyond the high-
nse height threshold can be considered as not contributing to vertical spread if they are arranged in a manner
equivalent to stair towers, i.e.:

1. two-hour raled walis
2. all openings with automatic closing fire doors
Some mogem hotels have this arrangement.

If the atrium does not have these cutoli features (e.9.: glass-walled shops open to the atrium), consider it
as interconnected floors.

B. Perimeter Alr Duct Penetrations _
Usually this will involve vertical HVAC ducts feeding floor level registers on severa! fioors.

1. Consider as a poke-through if a duct is in a fire rated, slab-t0-slab enclosure. It may have undam-
pered outlets at floor level.

2. Consider as N-inter-connected floors.
a. 1 ducts are not in fire rated enciosures siab-to-siab for N floors.
b. If duct(s) feed ceiling level registers on N fioors.
C. Steel Protection

There should be compiete coverage at adequate thickness (see specs./drawings for thickness require-
ments). Small holidays (missing coating of only a few square inches), such as for bearn ciamps, are toler-
abie. Variations in thickness are tolerable as long as overall thickness is there.

Architectural drawings (sometimes) and specifications (always) have information on fire proofing, and these
two sources are usually easiest to find. There 1S no simple guideline for estimating fire rating of an installed
material. There are three basic types: insulating (rock-wool, ceramic fiber, vermiculite, perite, etc.); energy
absorbing (gypsum, portland cement, magnesium oxychloride, etc.); or intumescent mastic coatings [paints
with spray-on thickness of up to Va in. ([0.6 cm]). Hourly rating vanes with types of coating, manutacturet,
coating density, thickness, and the charactenstics of the structural steel member.

It drawings/specs. are not available, it's reasonabiy sale 10 use the code requirements in effect at the time
of construction. The FM Global operations center should have some guidance on locai codes. Codes do
change over lime, but once identified, they apply to alf buildings constructed under the code at that time,
thereby saving a lot of individual research efion on bulldings in & given area.

As a last resort, try the following sources:

1. City building inspector or building code enforcement -division - they may have records for the particu-
lar site or can provide code requirements.

2. Fire depaniment division dealing with construction safety code enforcement.
3. Building architect.
4. Building general contractor.

- 5. Fire proofing installer,

- T D. Large Holldays (bare spots in fire-resisiive coating):

1. Are a serious deficiency 10 a steel member.

©1999 Factory Munusl imurance Company AR ngis reserved
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m

2. During construction. hofidays are usually corrected via code inspections.

3. Such code inspections cease once a building is occupied.

4. It there are large holidays on a secondary beam, consider that the beam will sag and lloor will crack.
This will increase local damage. but will not increase the number of fire fioors predicted in the decision
tree.

5. If there are large holidays on a colurnn or primary beamn, the structure above deforms. All floors above

are gutted. (A recommmendalion to correct this deficiency is aimast always warranted.) Note: See O.S.
1-3 for further discussion of bare spots n fire-resistive coaungs.

. Helicopters

Helicopters have negligible efiect on our MFL considerations. They are used mostly for evacuation and fes-
cue. and some departments avoid their use. Helicopters need no investigation or reporting uniess some
unusual or essential use regarding response to an MFL fire is anticipated.

F. Openable Windows

Openabie windows are rare in modem office high-rises in the United States. However, some older build-
ings. hotels, health care facilities, and some ncn-United States high-rise buildings do have them. Open
windows facilitate extenor firespread and we need the larger ratio of H>3.8h per O.S. 1-3 in orger to pre~
ven! extenor vertical spread since at H=3.8h, the theoretical flame tip height is aiready at the bottomn of
the window on the next upper story. A ratio less than 3.8h would aliow flame to enter an open window; this
would invoive direct flame entry to the fioor above and facilitate venical fire spread.

With open windows and H < 3.8h, vertical extenor fire spread would be very rapid due 1o the ready avail-
abilty of combustibies to the tiames entenng each upper floor window.

Using the decision tree and considering upenable wingows, a “NO” to “Exterior Walis H > 3.8h" would
lead directly to “All Floors Above PFD Reach involved.” A “YES" would follow the normal path through the
matrix.

Noncombustible baiconies of adequate size can deflect flames and stop upward externor fire spread. When
noncombustible baiconies are provided below ail openable windows. are at least 4 f1. (1.2m) deep, and
are continuous or extend at least 4 #1. (1.2m) beyond the window edges, exienor vertical fire spread shoutd
not occur.

. Smoke Control System

Building smoke control systems, even if elaborate, have little effect on an MFL scenario. These systems
are easily overwheimed by propped-open Stairwell doors for fire hoses. broken windows and the large
extent of smoke production (often orders of magnitude larger than the systems are designed for). These
sysiems should not be considered jor MFL analysis.

. Mecfunicnl Floors as Fire Breaks

A mechanical floor may serve 1o stop the vertical spread of fire. The floor stops interior spread via negli-
pibie combustibie loading and good cutotfs. It siops exterior spread if its walls are high enough so exte-
rior flames don't reach beyond the 1op of the window on the fioor above the mechanical fioor. The formuia
that tollows will account for this, and Figure 2, Part “B" snows the rminimum allowabie mecharicai floor

height.

Experience shows that even if up to five floors are to be involved in fire, the lower of those fioors are con-
sumed by the ime the upper floors are involved. So only up to three floors are expected to be fully invoived
at once. This applies to buildings with no combustible ceilings, with closed wingows, and within other
assumptions and conditions listed under Secticn Vi., “BEFORE USING THE MFL DECISION TREE™. it
not, many more than three floors may be involved simuitaneously and ttus will not apply.
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The chief application as a fire break occurs where H > 2.8h. Here, unfavorabie condilions that facilitate
intenor spread may lead 10 several fipors burmning simultaneously. Where H > 2.8h, flames exiting exte-
nor windows reinforce each other negligibly ang a mechanical floor with minimal combustibles can hatt
intenor fire spread. The decision tree shows in this case thatl 2 mechanical floor is aiways a viable con-
sideration, and it need not have a slab-10-slab height greater than that of other floors to be efiective. Note
that the arrangement of wali-type and interconnacted floors is still kmited by Section VL.D.

Aiso, note that if H > 2.8h and the building has masonty. concrete or granite walls connected to floor siabs,
we agon't need a blank mechanic:al floor to stop fire ascent, The scenano here is that the building con-

‘struction fesists fire ascent once the fire runs out of nterconnected floors. The only remaining avenue of

verucal spread is poke-throughs, and most any fire depanment response could arrest tiames spreading
only via poke-throughs.

In the 1.75 < H < 2.8h range, fire can spread both intemally and extemally. But there may still be condi-
tions where a mechanical floor will have both the minimal combustibles to stop interior fire ascent plus
have tall enough walls 10 prohibit extenor flames from passing to the floors above it.

There are three conditions in this H:h range which could lead 10 fire spreading to the roof. These are:

1. inadequate safing
2. PFD's that cannot control extenor fire spraad
3. interconnected floors within the imits of Section VI.D.

If only ONE of these unfavorable conditions 1s present. we may expect only three floors will be buming
simultaneously. A mechanicai floor may then still serve as a lire break. A mecnanical fioor cannot be used
as a fire break if interconnected fioors are excessive (use limits of section VI.D. as a guide) or if H < 1.75h.

Assuming only three floors are buming, a mechanical fioor would need a height Br (expressed in nurn-
ber of floor heights) to stop extenor spread as toliows:

Equation (1): Br = 4,78h - SL- 28

where:

8¢ = required height of mechanical floor as lirebreak in feet (or meters) .
h = window height in ft. (or meters)

SL = height of lower spandre! (above fioor surtace) in ft. (or meters)

S = total height of spandrel in ft. (or meters)

NOTE: Fioor height equals S + h for fire fioors.

EXAMPLE:

A 30-story protected steel frame high-rise building has no interconnected floors. 12 fi. (3.7m) hugh sto-
ries with 5.8 ft. (1.8m} high windows, and spandreis centered on the floor siabs. It has a 20 f1. (Em) high,
17th story mechanical floor with no windows and with negligil negiigible combustibles. Fire depaniment appara-
tus can reach the ninth tioor. Safing consists of friction-fit berglass insutation. The building meets varn-
ous other assumplions/conditions (e.g.: adequate fireproofing of steel, standpipes are in service, etc.)
and the PFD can conirol exterior fire spread, What is the MFL fire area?

SOLUTION:

H= 2.6, (e.g., from H « 12 + (12-5.8)/2 = 15.1; and h = 5.8). We enter tne decision ree in the “1.75h
< H < 2.8h" category. Since saling is not adequate (because it is fibergiass), the MFL area would bo “All .
Fioors Above PFD Reach Involved " 1.e., floor 10 and above.

However, the 17th floor may be a fire stop since there is only one unfavorable condition ~ the safing. it
won't transmit an intenor fire upward due to scant combuslibles, S0 we only need check whether the height
is adequate to interrupt exterior spread of fire.

C1999 Fatrory M Insurance Company All ngnts reserved
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We can use Equation (1) whaere:

h=58

SL=(12-58)2s3.1

$212-58x62

Seh =12

Then Br = (4.78 x 5.8) - 3.1 - 12.4 = 12.211.

So the mechanical fioor needs a slab-to-slab height of at least 12.2 ft. (3.7m) to be a fire breax. Since
the mechanical floor is 20 1. (6m) high, it can interrupt extenor spread. (See Figure No. 2, Part A for a scaled
version of the fioor heights and predicted flame height.)

Wwe would be left with a seven-floor area below the mechanical floor and a 13-floor area above 'u. The
13-floor area would be our MFL fire area.

NOTE: This choice involves buming 13 floors and having damage to the other 17 floors by water. The
seven floor choice would burn only seven floors and do less damage 1o the other 23 ficors by water/
smoke.

Also note Figure No. 2, Part B. The mechanical floor height is the mirimum 12.2 ft. (3.7m) just calcu-
lated. Thus visually shows the threshoid for vertical exterior fire spread. If the flame tip extends only o the
top of the window (or lower), vertical spread is not expected. This aspect is built into the H > 2.8h ratio
for avoiding vertical spread. For example, with oniy one floor buming.and a ratio of H = 2.8h, the tlame tip
is at the top ol the window on the next upper floor.

EXAMPLE:

Same as beltore except the 16th story directly below the mechanical floof is 14 ft. (4.2m) high to accomo-
cate deeper steel beams supporting the mechanical floar and that portion of the spandrel is 2 1. (0.6m)
deeper. This increased distance can be credited towards the required height of the mechanical floor.

Br=1221 -21% = 10.21. {3.1m) )
So, the mechanical floor would only need lo be 10.2 ft. (3.1 m) to act as an eflective fire break.
I. Buliding Dimension Reductions as Fire Breaks

A high-rise may have one or more abrupt reductions in fioor area. Consider the reduction deep enough
to Stop exterior spread if its depth is at least equal o the height needed for a mechanical fioor break and
if it covers the entire building penimeter. th the previous example, we needed a mechanical floor height
(8r) » 12.2 f1. (3.7m), 50 & reduction > 12.2 . (3.7m) would be sutficient 10 stop vertical extenor fire spread.

J. Asbestos and PCB's:
Sees Section Xili.G., THE REPORT.

IX. PERCENT FIRE DAMAGE

Use the decision tree (Figure 3) to determine the number of MFL fire floors involved. Then use the follow-
ing percentages 10 eslimate damage on various floors.
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TABLE 1 - PERCENT FIRE DAMAGE
FIRE FLOOR(S)'?
BLDG. % CONTS. %
REINFORCED CONCRETE 60 ) 100
PROTECTED STEEL 70 100
NON-COMB. Consider Bidg. & Conts. a Total Loss

* All percentages include demolition costs.
? Use 25 10 50% of these values to account for anticipated smaller fire areas in buildings with small subdi-
videa rooms such as hotels, apaniments or hospitals if the tollowang conditions are met:

« rooms have siab-10-siab partitions or partitions that ft tightly to plastered or concrete ceilings
» each room has a sel{-<closing or normally closed tire door.

X. WATER DAMAGE

Once the number of fire floors is determined from the MFL decision tree, Table No. 2 may be used 10 esti-
mate the vertical extent and average percent of water damage. '

Example No. 1: Consider an office building where four fire floors are predicted, and for various reasons invoive
fioors 22 to 25. Then from the “F~ and “W™ rows of Table No. 2, 14 floors will be water damaged - in this
case Nos. 8 to 21. Finally, for Nz 14, the average water damage for all those 14 floors will be 10.7% for build-
ing and 26.8% for contents.

Table 2 is a suggested job aid and reflects some general trends from loss experience. There is generally a gra-
dient of water gamage starting at 20% to the building value and 50% 1o contents value just below the fire
fioor, and diminishing to zero just after the 4, 8, 14, 21 or 25 floors shown in Table No. 2. The table assumes
the gradient is uniform, It shows a running average of percentages for gradients that run the full number

of expected water damaged floors (as in Example No. 1) and for gradients that are truncated (as in Example
No. 2 below).

For example, sometimes the lire floors will be low enough in the building that below them there will not be
available the full number of expected water damaged fioors (shown in the “W = row). This means the low-
est fioor will intercept water that would have gone down farther 10 the other floors. Also, water will stay there
longer since there are no poke-throughs, openings., etc. for water to readily drain away, (Fioor drains are usu-
ally availabie and may eventually evacuate the water, but they have far less capacity than normal open-
ings in and around upper floors.)

As a guideline in this type ot situation. figure 40% damage to the building and 75% damage to contents on
the lowest 1l00r unless you have reason to believe it will be ditterent,

©1999 Factory Mutual Ingurance Company All ngits reserved
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TABLE 2 — WATER DAMAGE PERCENTAGES
Fa 2 3 4 ] 26
Wae 4 8 14 21 25
BLDG- [CONTS [ BLDG | CONTS | BLDG | CONTS | BLDG | CONTS | BLDG | CONTS

1 200 50.0 20.0 50.0 20.0 50.0 20.0 50.0 200 50.0
2 178 438 18.8 47.0 18.3 48.3 19.5 48.8 19.6 48.0
3 15.0 7.5 17.5 438 18.6 46.5 18.0 475 19.2 48.0
4 12.5 31.3 16.3 40.8 17.9 44.0 18.6 48.5 18.8 47.0
£ 15.0 315 17.1 428 181 45.3 18.4 46.0
6 13.8 4S5 16.4 410 17.6 44.0 18.0 45.0
7 12.5 313 15.7 38.3 171 428 176 44.0
8 1.3 28.3 15.0 75 16.7 418 17.2 43.0
9 14.3 5.8 16.2 40.5 16.8 42.0
10 13.6 4.0 15.7 39.3 16.4 41.0
" 12.8 323 15.2 38.0 16.0 40.0
12 12.1 30.3 14.8 37.0 15.6 38.0
N=13 1.4 28.5 14.3 35.8 15.2 38.0
14 10.7 26.8 13.8 .5 14.8 37.0
15 . 13.3 33.3 14.4 38.0
16 12.9 23 14.5 35.0
17 ] 12.4 310 13.6 34.0
18 ] 1.8 29.8 13.2 33.0
9 1.4 28.5 12.8 32.0
20 11.0 275 12.4 no
21 10.5 26.3 12.0 30.0
22 11.6 29.0
23 1.2 28.0
24 10.8 270
25 I 10.4 26.0

F = Pregicied numbder of MFL fire goors
W s Expecied number of water-camage Roars
(Acouonal NOOrS May De Gamaged wnere water falis 10 the boltom ol slavwells. ewevalor Shans. etc. Those require separate consd-
erahon )
N » Actual number of floors avadadle for water damage.
Example No. 2: Same as No. 1, except the four fire floors begin af fioor No. 9. Assume the building has one
basement. Then the basement through floor 8 will contain the water that would have passed through 14
lloors. The basement would sustain 40% water damage to building and 75% to contents. From Table No.
2. we still have F=4 and Na8 for the remaining eight floors; so we find that those eight floors sustain an aver-
age 15% water damage to building and 37.5% to contents.

The table also assumes the occupancy is unilorm trom fioor 10 fioor. if a floor has an unusual or concen-
trated value, the gradient concept in the table may still be usetul. The percent damage normally aftrib-
uted to that ficor may be used as a guide in assessing seventy of occupancy damage. The percentage
for any given fioor will decrease from 20% in the gradient and is found from:

Equation (2)*: PERCENTN = 20 (1 - 1)
W

where PERCENTN = percent water damage on the n'th floor below the fowest fire floor
n = the n'th floor below the lowest fire floor .
W = Table No. 2 value for expected number of water damaged floors

*NOTE: Note that Equation (2) gives the percen! water-damage lor a single. specific tloor. Percent-
ages in Table No. 2 are average values for a group of “N” floars anywhere in the range ot one
to "W floors.

€1999 Factory Mutual Insurance Company All aghis reserved
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Exampie No. 3: Same as No. 1, and the following data is gathered:

o Protected steel frame building has 10,000 sg. ft. (929 sq. m.Jlr.
o FM Glodal insures building and contents

s Floor 15 has executive offices where contents « $250/sq. ft. (0.09 sq.m.} and building = $30%/sg.
fi. (0.9 sq. m.) Otherw:se the building value is $115/sq. fi. (0.09 sq. m.)

= Other floors have contents ranging from $70 to $110/sq. #. (0.09 sq. m.), but the average is S9&/
sq. . (0.09 sq. m.) :

What is the estimated damage by water?
- Solution:

We'll have the same 14 fioors damaged as in Exampie No. 1, but fioor 15 values seem high enough
to consider their own impact on the total.

The easiest way here 1s to figure water damage lor all 14 tioors at the $98 and $118 values, then add
to that the additional ditference for floor 15 values.

Floor 15 is 6 floors below the fire, so n=6 and W still is 14,
Using Equation (2): ’

PERCENT, = 20 (1 - 6:1 ) = 12.9%
14

The water damage for the building is:
WATERg g = $115/sq. ft. (0.09 sq. m.) x 10,000 sq. f1. (929 sq. m.)/fir. x 14 ftr,
x 0,107 + $(300-115)/sq, ft. (0.09 sq. m.) x 10,000 sq. f1. (929 sq. m.) x 129
WATERg 0. = $1.722,700 + 238,650
WATERg, o6, = $1,961,350
PERCENT, = 50 (1 - ? } = 32.1% (Contents),

. 1

Water damage for contents is:

WATER onrents = $98/5G. . (0.09 sq. m.) x 10,000 sq. ft. (929 sq. m.Mlr. x 14 firs, x 0.268 + $ (250-
98)/sq. ft. (0.09 sq. m.) x 10,000 sq. f1. (929 sq. m.) x 0.321

WATERCM!N‘TS = $3,676.960 + “87,920
WATERcourenrs = $4,164,880
TOTAL WATER DAMAGE = $1,981,350 + $4,164,880

= $6,126.000 (rounded)

Xi. SMOKE DAMAGE

Smoke damage depends on so many factors that a detailed guideline would be extremely complicated and
unwieldy. Presently, smoke damage is estimated on an individual building basis.

However, Table No. 3 does present a general guideline that reflects both the strong tendency of smoke to
rise very freely but 1o diminish somewhat.on its impact per fioor after rising many ficors. Even on floors where
the percentage is shown as zero, a smoke odor will likely be present. i.e.. you can smell it but can't detect
a visual diference atter wiping surfaces with a clean cloth. These fioors can usually be deodonzed with aero-
50! cleaners at a cost low enough 10 be negligible for MFL purposes. Table No. 3 is NOT meant to be a rigid
rule; it is a guideline intended to be modilied as needed for local conditions.
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Exarmote No. 1:

Consider a 60-story high-rise with Hh=2.9, inadequate safing, an “exterior” PFD, and an open stairwell in -
the floor slab of No. 16 and No. 22. Two of three stair shafts terminate at the top floor; the other stair shaft
and three eievator shafts terrmunate at the top floor with small tightly closed penthouses atop the shalts.
Describe the smoke damage percentages.

Solution: - .

The MFL decision tree gives uS answers of Yes-No-No-Yes-Yes - five fire floors, and these must involve at
least one of the open stairs. Consider the five floors at Nos. 15, 16, 17, 18 and 19, Table No. 3 indicates 20%
building ang 50% contents damage 10 the next two fioors -- Nos. 20 and 21. But the open stair in No. 22

1s Such @ realy means of smoke spread thal No. 22 would be similarly damaged 1o No. 21.

In addition, the tops of stair shafts and elevator shafts would trap buoyant smoke. it could seep through door
seams and other possible openings into at least ihe op floor and cause considerabie damage there. So fig-
ure the same 20% building and 50% contents camage due 10 the heavy smoke concentrauon. Include more
upper floors if, in your judgernent, local conditions warrant it.

The penthouses are of low value in this case, so neglect them. (Include them if values warrant iL)
Result:

We estimate the loliowing percentages of damage to buildihgs and contents by smoke from the above analy-
sis, and using Table 3;

BUILDING CONTENTS
Nos 20t 22 20 50
Nos. 23 to 37 10 25
Nos. 38 to 52 10 25
Nos. 53 to0 59 8 20
Nos. 60 20 50
TABLE 3 - HIGH-RISE MFL PERCENT SMOKE DAMAGE
Ficors Above PERCENTAGES APPLY TO INDIVIDUAL SMOKE DAMAGED FLOOR(S)
The Fire Number of Fire Floors
2 3.4.0r5 6
BLDG CONTENTS BLOG CONTENTS 8L0G CONTENTS
First 2 20 50 20 S0 20 50
Next 15° 8 20 10 25 10 25
Next 1§5° 4 10 10 25 10 25
Next 15° 2 § 8 20 10 25
Next 15° 0 0 6 15 10 25
Next 1§° [} [-] 4 | 10 10 25
* Moddy as folows:

o 15 o through next HVAC zons
o 15 or to Mmechamcal f1oor, whichever is Smaier
s whitever 0ise is wamanud by condmions

Nate' The top hoor(s) may Aate smok

Xil. THE INSPECTION

This refers to first-time evaluation of MFL using this P&P.
A. Advance Notice ’

and sustan aamage peroentages smilar to the “Frst 27 fioors

Call before visiting 10 assure drawings/arrangements/extra help will be available.
8. Thoroughness

Spof check coatings where sisel is protected, plus check factors enough to establish a YES or NO in vari-
ous parts of the decision Iree. We recognize only a few floors may be accessible, ang this 1s usually sut-
heient 10 assess the overall quality of a factor.
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Open stairways are important and are worth investigating since they may have been the result of post-
construction renovation, These will usually occur only where a single tenant occupies consecutive sto-
nes. if these cannot be visited, question both the building manager and the tenant.

Usual available areas to check:

1. Basements

2. Floors being renovated

3. idle tioors

4. Minimal interruption areas like storage rooms or switchgear rooms

5. Penthouses

6. Mechanical Floors

if you teel more checking 1s needed but enough areas are not accessible,

7. Consider a return visit when more areas may be accessible.

8. Quality your conclusions by mentioning the extent to which you were able to check things.

Note: This problern can usually be avoided by describing your needs to the insured during Advance Notice.
C. Special Category of “1.5h s H < 1.75 h"”

A building in this category with an MFL limited to five fioors depends heavily on above-mentioned favor-
able factors. The fire will iikely be all floors above the onginal fire fioor if these lactors are compro-
mised. Therefore, these lactors should be verified annually 10 the extent of detail needed 10 be confident
of their continual integnty. This would include checking each floor likely to have intérconnections or unpro-
tected poke-throughs. We should concentrate our effort in areas or floors where:

1. a tenant expands ils space or makes a significant occupancy change (e.g.: adds pipes, cables, dumb-
waiters, chutes).

2. tenants have moved In or out,
3. a tenant occupies two or more adjaceni floors.
4. renovations that ray affect fastening of safing.

Xili. THE REPORT
Suggested handling covering firsi-time use of this procedure at a location:

A. Recommendations - make the usual recommendations where MFL is a factor, e.g.: to reduce 10 system
maximum where feasible, alarm service, etc.

B. items of Interest - mention study was made using the high-rise MFL analysis for the first ume.
C. LPR Supplement

1. Use sections for Construction, Protection, elc. as needed to cover factors affecting the MFL; e.g., saf-
ing, interconnacted floors, H:h ratio or fire resistance of various building components.

Where curtain walis are exterior giass panel tyle, descride if the panel joints occur at every floor slab, at
every other floor slab, and where they are in relation 1o the floor siab. Also describe the arrangement
of the components being considered for spandrels (waltboard, ngid insulation, firesating, metal panels).

2. Under the F&EC Survey section of the LPRS, indicate your paih through the decision tree, e.9.. “Yes-
No-Yes-No-No-5 floars.” Briefly discuss smoke and water damage. such as including floors damaged
and percentages. Cover anything unusual such as severe structural damage or major deviations from the
fire, smoke or water damage guidelines (Tables 1, 2, 3).

©1999 Fastory Muwiat Insurance Company Al ngnts reserved
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D. Time Charges - an extra day for this type evaluation is not unusual, and an explanation is generally not
negded.

E. Send the report.lo the FM Global operations center for review, regardiess of your review siatus, uniess noti-
fied otnerwise by the office.

F. Since these reports (even specials) will likely go to the insured, avoid direct reference to “maximum fore-
seeabie loss” in the body of the report, and reference anywhere in the report to your evaluation as a “study.”
For example, a general term like “fire spread potential” is okay in the PURPOSE of a special report, and
~evaluation of MFL" is tine in ITEMS OF INTEREST.

G. Cover in the appropriate section of the Report Supplement whether eilther asbestos or PCBs are present.
if present, bnefly discuss their exient and location. Thare will be exceptions, but asbestos is usually a Con-
stryction section item and PCBs are usually an Occupancy section item.

State the source of this conclusion: e.g.. “Mr. Chopin reported that the building does/does not have asbes-
10s or PCBs.” Do not make the conclusion based only on your investigation; e.9.. don't say “There is/is no
asoestos on site.”

If either is present, determine the MFL as if they were absent. Then add a statement on the FAEC Survey
in the MFL cornments section explaining that the presence 0f this material(s) may increase the MFL and that
a special study, beyond the scope ot this evaluation, would be needed to determine that increase.

Duralion is the lime a fire will burn given fusi Ioadmg and various geometnc features of a particular build-
tng tioor.

0.1364 L (KA} hours

Duration s th3? (Ke1)

where:

L = combustible load in LB/FT2

K = ratio of overall floor length/width

A, = floor area, ft2

{ = ratio of total window widths/penmeter
h = window height, ft

In metnc units of k9., m, s: D = 5.56L (KA,)'?
R (Ke1)

©1999 Fastofy Muzyat | ¢ y All nghts

WILLIS CONFIDENTIAL 15086



WILLIS

F{A)514.33
MFL OF HIGH-RISE BUILDINGS
Page 20 of 22

FIGURE 4
Flow Chart to Determine If Existing Column
Fire Resistance is Satisfactory

Column Radng Per 3 Hr. or Beller 4,
Drawangs or Code [~ ——>» Sstsfecloy
Less than 2-1R Hr. o 3 Hr. Fice Resi o
fia L
v Per Calculations?
A 4
Fue Resistance at { .
Least3 Hs. | Yes No Satisfactory
Per Caiculations? } |
I \ 4 Y
No I Satisfactory l Fire Resistance al Least 2 Times
v Fire Duraton?
Fire Resistance ai I |
Least2-J4Hrsy. | Yes Yes No
Per Calculations? _j l |
A 4 - A 4
J Fire Resistance at Satstactory Column
1" Least 2 Times Protection
Fue Duration? inagequate
Column
Protection T
Inagequate Yes No
| !
Y A 4
Satistactory Poacion
tnadequate

Note: Column Fire Resistance can be calculated per 11/8/30 memo by R. Davis which is n the
*MFL Determinad for High-Rise Buildings® Report (EC88-50).

CONFIDENTIAL

15087



WILLIS

F(A)514.33

MFL OF HIGH-RISE BUILDINGS

Page 21 of 22

FILE WITH P&P FA514.33

APPENDIX A

HIGH-RISE PFD RESPONSE LIST

January 1999

(List Shows all PFDs Evaluated. Those Qualifying as Exterior sre Underlined)

ANNECY OPERATIONS
No Evaluations Repoﬂgd

CANADIAN OPERATIONS
‘Brampton, ON
Buriington, ON
‘Calgary, AB (100 #t)
East York, ON
Eamonton, AB (100 ft)
Etobicoke, ON
Halitax, NS (100 f)
Hamilton, ON
London, ON (110 1)
Marknam, ON
Mississauga, ON
Montreal. QU (100 #t)
North York, ON (105 1)
Qakvilie, ON
Oshawa. ON
Ottawa, ON (100 #)
Samia. ON
Scarporough, ON (100 f1)
Toronto. ON (100 f1)
Vancouver, BC (125 f)
Vaughan, ON
Wingsor, ON
winnipeg, MA

FRANKFURT OPERATIONS

Budapest, Hungary (150/145m)
Frankfurt, Germany (751t/23m)
Warsaw, Poland (1651/50m)
Zunck, Swmzerand (65f/20m)

GREAT LAKES OPERATIONS

Cincinnati, OH (100 ft)
Cleveland, OH (100 ft)
Columbus. OH (100 1)
Detrot, MI (100 ft)
Fort Wayne, IN
Frankfort, KY

Grand Rapids, Mi
Indianapolis, IN (135 #t)
Kalamazoo, Ml
Lansing, MI
Louisville, KY (100 ft)
South Bend, IN
Toledo, OM

LONDON OPERATIONS
Oslo, Norway
Stockholm, Sweden

MELBOURNE OPEhA‘rIO_NS
No Evalvations Reporned

MID-ATLANTIC OPERATIONS
Anne Arundel Co.. MD (100 f1)
Battimore Co.. MD (100 11)
Baltimore, MD (100 #1)
Chariotte. NC (110 ft)
Chariston, WV (100 f1)
Faidax Co.. VA (135 h)
McKeesport, PA (75 ft)
Montgomery Co., MD (110 ft)
Parkersburg, WV (100 ft)
Phifadetphia. PA (100 &)

ittsburgh, PA (100 ft)
Prince George Co.. MD (110 1)
Washingten. D.C.

MIDWEST OPERATIONS

Chicago. IL (135 f)
Kansas Ciy, MO
Milwaukee, Wi (110 #)
Minneapohs, MN (110 ft)
St. Louis, MO (110 ft)

St. Paul, MN (100 ft)

NORTHEAST OPERATIONS
Boston, MA*® (110 #t)
Briagepon, CT
Buffalo, NY (100 f)
Jersey City, NJ*
Newark, NJ
New Haven, CT
New York. NY** (100 tt)
Rochester, NY (100 1)
Stamiord, CT
‘Worcester, MA (100 f)

SINGAPORE OPERATIONS
No Evatuations Reported

SOUTH AMERICAN
OPERATIONS
No Evaivations Reported

SOUTHEAST OPERATIONS
Atlanta, GA (70 f1)
Cobbd Co,, GA (100 ft)
Jackson, MS (110 #)
Jacksonvilie, FL (100 f1)
Metro-Dade Co., FL (100 #)
Memorus, TN (100 ft)
Miamy, FL (150 #1)
Nashville, TN (100 1)
New Orieans, LA (100 1t)
Savannah, GA (100 ft)
Shrevepon, LA® (110 1)

*Smat city & PFD - No report made of neeced
*Ongnal 1988 study
{ »maz aengl reach

CONFIDENTIAL

SOUTHWEST OPERATIONS

Albuquerque. NM*-
Datlas. TX (100 ft)
Denver, CO (110 )
Fort Wortn, TX
Houston, TX (110 f1)

Okiahorma Ei!y. QK (100 tt)

Pnoenix, AZ (100 f1)

San Antorno, TX (100 ft)
Sconsdale, AZ*

Tucson, AZ* .
Tulsa, OK

WESTERN OPERATIONS

Albany, CA

Anaheim, CA*
Bakerstieid, CA*
Bevertly Hills, CA*
Burbank, CA*

Clark Co.. NV (110 1}
Costa Mesa, CA*

- Culver City, CA®

€1 Segundgo, CA*
Fullerton, CA*

Glendale, CA®

Honolulu, MI*

Inglewood, CA*

Kern Co., CA*

Las Vegas, Nv*

Long Beach, CA*

Los Angeles. CA™ (100 1)
Los Angeles Co.. CA (100 ft)
Newpont Beach, CA*
Oceansige. CA®

Ontano, CA*

Orange, CA

Orange Co.. CA (100 1)
Oxnard, CA

Pasadena, CA

Pomona, CA® :
Portiang, OR (100 ft)
Riverside, CA®

San Bernading, CA*

San Diego. CA (100 #t)
San Francisco. CA (100 1)
San Jose, CA (100 #t)
Santa Ana, CA®

Santa Monica, CA®
Seatile, WA (100 1t)
Torrance. CA®

Ventura, CA®
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CONFIDENTIAL - FOR INTERNAL USE ONLY
Not To Be Distributed Outside FM Giobal
E.D. Directive 5-96
[Flle with P&P F(A)-514.33)
. . INTEROFFICE
' FACTORYMUTUAL' CORRESPONDANCE
TO Distribution AT
FROM P.C. Blanchard AT FBEC Engineering
SUBJECT Use of MFL High-Rise Methodology for ~ DATE March 15, 1996
" Libraries :

ACTION REQUESTED

The MFL high-nse methodology should be applied only to buildings and occupancies outined in P&P F(A)-
514,33, section VI.A.1, page 4. Libranes are excluded from this P&P's application and those locations where
F(A)*514.33 has been used should be reevaluated,

DISCUSSION

The MFL high-rise methodology I1s an underwriting tool used for specific occupancies in specific buildings
as outlined in P&P F(A)-514.33, [L1s intended for use in evaluation of buildings meeting the definition of high-
nse buildings and within the intended occupancies. These occupancies are commercial, business and resi-
gential occupancies with small storage locations as parn of the occupancy. It is based on high-rise loss

.» experience of mostly offices, hotels, hospitals, dormitories and ancillary occupancies.-Specific examples of
occupancies not applicable are cited in the P&P, such as garmet or other warehousing, depanment stores,
malls, and manufactunng.

Another occupancy that 1s not applicable 16 this methodology is libranies. There have been several cases
where the high-tise methodology has been improperly applied 10 libraries (at both buitdings termed high-
nse and low-tise), Due to the concentration of combustibles and open landscape arrangement typical to a
library, these do not meet the intended application of P&P F(A)-514.33. This has resulted in additional rein-
surance cosls not onginally expected when insurance was bound.

Distribution: F(A) Senes PSP Holders (023)

©1993 Factory Munal Insurance Company AX nghis reserved

WILLIS CONFIDENTIAL 15089



ALTERNATIVE INSURANCE WORKS
o

A

ALTERNATIVE INSURANCE WORKS, LLC

OVERVIEW

Alternative Insurance Works, LLC was founded in November, 1994. AIW’s primary
mission is 10 offer commercial entities alternative risk management and alternative risk
finance services, which can most efficient protect asset and operational risks. ATW has
several principals, experienced in all areas of risk management, risk finance, and
employee and specialty benefits. In addition to our principals, we maintain a network of
affiliates and partners throughout the United States and the world, bringing our clients
services wherever they may be needed.

AIW prides itself on finding or developing creative, uncommon solutions to both typical
and extraordinary risk and management needs of its clients. As such, AIW often works
adjunctively with brokers and agents, to bring the best possible solutions to their mutual
clients. AIW"s compensation is typically fee based, carefully defining our roles and
responsibilities to the client.

On the following pages are the biographies of the two AIW principals involved in this
project, Mr. John Hickey, project leader, and Mr. Tim Breen, project review and assist.
Also included is a representative listing of ATW’s many client relationships and

_ experiences.

26 Hillerest Pork Road. Old Greenwich. Connacticut 0650 Telephone 205-637.8003 Fax. 203.63°-8010

127 Fifih Avenue. Swite 1700. New York. New York 10173 Telephone, 212-292.422% Fu. 212-375.6338
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-]
JOHN P. HICKEY, CSP, PE

Summary: John Hickey has over 30 years experience in the field of insurance
and risk management. His specific focus has been in loss control and claims
management, guiding large, multi-national organizations to most effective ways
to reduce the costs of risk by controlling risks. John's work with diverse entities
from petrochemical, to oil and gas exploration, to manufacturers have given him
a broad set of perspectives when applying loss control and claims management
techniques. Also, John has worked with many captive insurance and self-
insurance structures, where pro-active cost containment is critical to the financial
success of such alternative programs. John's thorough, analytical approach to
service issues, coupled with a keen insight into client need, make him among the
most respected risk management executives in the consulting and brokerage
industries. Below is a synopsis of his career.

5-1-96 to present: Managing Director of Alfémative Insurance Works
(AIW).

1989-1996: Newman Agency (Bank of New York captive). Vice President &
Manager - Risk Management Division. -

1987-1989: Oland International. Manager - Risk Management Department.
1978-1987: Bayly, Martin, & Fay. Manager - Technical Services Division.
1968-1978: Johnson & Higgins. Assistant Vice President & Senior Consultant.

1957-1 968: FIA (now Industrial Risk Insurers) and Allendale. Varied positions
from Training Director, to. Field Supervisor, to Supervisor of Engineering.

Education: B.S., Civil Enginéering. Northeastern University, 1957
M.S., Occupational Safety & Health, New York University

Certifications & Affiliations: Licensed in Connecticut and Pennsylvania as a
Professional Engineer.
Certified Safety Professional
Past President of American Society of Safety Engineers - New York
Past Director & Secretary of Safety Executives of New York
Member of National Safety Management Society
Member of Society of Fire Protection Engineers
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BACKGROUND AND RESUME OF H. TIMOTHY BREEN

Summary: Tim Breen has over 19 years experience in the insurance industry. This
has been principally in risk management conulting to large, multinational corporat-
ions, as well as guiding organizations in the utilization of alternative risk financing
techniques. Alternative distribution of insurance and related services have aiso been
a main part of his activities. A few specific accomplishments include the formation of
several captive insurers for varied commercial enterprises; the development of several
finite risk programs for enhancing credits within asset backed securitizations; work with
The Bank of New York on using insurance products to generate new fee income: the
creation and management of Marsh & McLennan's Risk Evaluation Group which offers
risk management consulting to merger and acquisition activity. Tim has published
several articles on the topic of risk evaluation for corporate acquisitions, as well as on
aiternative insurance distribution and funding. Below is a synopsis of his career.

11-15-94 to present: President and Founder of Alternative Insurance Works (AIW),

1991-1994: UNI-TER Corporation. President. Managed and developed alternative
programs for the subsidiary of a reinsurance broker.

1989-1991: Newman Agency (Bank of New York captive). Executive Vice President.
Oversaw all business development activity.

1986-1989: Marsh & Mcl.ennan, Inc. Vice President. Created and chaired the
Risk Evaluation Group (as described above).

1983-1986: Alexander & Alexander International. Vice President and Director
of Foreign Multinational Business.

1978-1983: Fred. S. James & Co. Vice President. Commercial account executive
and Manager of Product Development.

1976-1978: Chubb & Son, Inc. Underwriter for commercial property risks.

Education: B.A., Political Science, Hobart College, 1976
Various Courses, College of insurance, 1976-1980

ey
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PARTIAL LIST OF CLIENT INVOLVEMENT

Aviation Investors, Inc. *
Avnet, inc.

The Bank of New York *
Bayer AG*

- BMw*

Boehringer Ingelheim

Campeau Corp.

CNA Insurance Companies*
Commodore Resources *
Continental Insurance Companies
Crane Corp.

Degussa AG

EFI Electronics, Inc.*

First Bank of the Americas
Framatome, S.A.
Framlington PLC

General Electric Corporation®
Liberty Mutual Intermational
Mars, Inc. '

Morgan Staniey, Inc.

National Bank of Canada*
National Westininster Bank

New York Surety
PDCA **

Pitney Bowes, Inc. *
Prime Asset Inc. *

Purdue Frederick, Inc.

Republic Bank Corp.

"Rhone Poulenc, S.A. *

SECURE, Inc.
Stinnes Corp.*
Thyssen, Inc,

Tootal, Ltd. *

Union Carbide

United Parcel Service *
UNISYS

UN.T.S.* **
Young & Rubicam, Inc. *

" * Denotes "alternative risk financing structures" used
** Painting and Decorating Contractors of America
*** United Network of Temporary Services, LLC
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