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Richard W. Bukowski, P.E.

Modeling a Backdrafi:

The Fire at 62 Waltls Street

The New York City Fire Department and the
National Institute of Standards and Technology
join forces to discover the origin of a

terrifyingly long backdraft that
killed three fire fighters.

n March 28, 1994, the New York
o City Fire Department responded

to a report of smoke and sparks
issuing from a chimney of a three-story
apartment building in Manhattan. The of-
ficer in charge ordered three-person hose
teams to enter the first- and second-floor
apartments while the truck company ven-
tilated the stairway from the roof.

When the door to the first-floor apart-
ment was forced open, a large flame shot
out of the apartment and up the stairway,
engulfing three fire fighters on the sec-
ond-floor landing. The flame lasted for at
least 6% minutes, killing the three men. In

the hope of understanding the factors
that produced a backdraft of such dura-
tion, the fire department asked the Na-
tional Institute of Standards and Technol-
ogy (NIST) to model the incident.

The building

The fire occurred in a three-story, brick
apartment house of ordinary construc-
tion that was approximately 20 feet (6.1
meters) wide by 46 feet (14 meters) deep.
The building contained four apartments,
one on each floor, with the basement
apartment half belowgrade (see Figure
1). While the basement apartment had its
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own entrance, the others were reached
by an enclosed stairway that ran up the
side of the building. The building was at-
tached to an identical building, which
was not involved.

Both buildings were constructed in the
late 1800s and had been altered many
times over the years. Recent renovations
included replacing the plaster lathe with
drywall on wood studs, lowering the ceil-
ings to 8.25 feet (2.5 meters), installing
new windows and doors, installing heavy
thermal insulation, and sealing and caulk-
ing the building to minimize air infiltra-
tion. The building was described as being
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very tight.

Built before the advent of central heat-
ing, the apartments had numerous fire-
places, most of which had been sealed.
The apartent of fire origin had two fire-
places, but only the one in the living
room was operable. All of the apartments
had thick, plank wood floors.

The apartments had similar floor
plans; the only differences resulted from
the stairway. Generally, they had a living
room in the front, a kitchen and bath-
room in the center, and a bedroom in the
rear. The first-floor apartment also had
an office in the bedroom, although it
didn’t play a significant role in the fire
(see Figure 2). The roof had a scuttle for
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access, and a wired glass skylight was in-
stalled over the stairway.

The fire

At 7:36 on the evening of March 28, the
New York City Fire Department received
a telephone report of heavy smoke and
sparks coming from a chimney at 62
Watts Street in Manhattan. The initial re-
sponse was three engines, two ladders,
and a battalion chief.

When fire fighters arrived, they saw
smoke coming from the chimney but no
other signs of fire. The engine companies
were assigned to ventilate the roof above
the stairs by opening the scuttle and the
skylight, and two three-person hose

teams were sent to advance lines through
the main entrance to the first- and sec-
ond-floor apartments. ;

The first-floor hose team forced open
an apartment door and noted a momen-
tary rush of air into the apartment. This
was followed by a warm—but not hot—
exhaust, which was followed, in turn, by
a large flame, which shot from the upper
part of the door up the stairway. The
first-floor team was able to duck down
under the flame and run back down the
stairs, but the flame filled the entire stair-
way, engulfing the three men on the sec-
ond floor.

At the time of the fire, an amateur
camcorder operator was taking a video
of the scene from across the street, and
the film became an important source of
information when the fire department
later reviewed it. It showed the flame fill-
ing the stairway and venting out the open
scuttle and skylight, extending well
above the building’s roof. The video also
showed that the flame persisted for at
least 6% minutes.

Damage to the apartment of origin was
limited to the living room, the kitchen,
and the hall; closed doors kept the fire
from spreading to the bedroom, the bath-
room, the office, and the closets. The fire
didn’t spread to the other apartments,
and there was no structural damage.
However, the wired glass in the skylight
melted in long “icicles,” and the wood
stairs were mostly consumed.

Cause and origin

When interviewed later, the surviving
hose team described a classic backdraft,
although these usually last only seconds
before exhausting their fuel supply.
Where did the fuel come from to feed this
flame for so long?

The investigation revealed that the
man who lived in the first-floor apart-
ment had left it at 6:25 p.m., after placing
a plastic trash bag on top of the gas stove
in the kitchen, which he was sure he'd
turned off. It's reasonable to assume that
the pilot light ignited the bag and that the
resulting fire involved several bottles of
liguor on the counter before it spread to
the wood floor and other combustibles.
The occupant confirmed that all the
doors and windows were closed, so the
only source of combustion air was the
fireplace flue in the living room, from
which the smoke and sparks emerged.

Clearly, the fire burned for nearly an
hour under severely vitiated conditions.
The open flue initially provided expan-
sion relief and later vented smoke, as the
ceiling layer dropped below the level of
the opening. Such combustion produces
large quantities of unburned fuel and
high carbon monoxide/carbon dioxide ra-
tios. Studies of the backdraft phenome-
non show that, when a door is opened
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under such conditions, warm air flowing
out is replaced by ambient air, which car-
ries oxygen to the fuel.! When this com-
bustible mixture ignites, a large flame ex-
tends from the door.

To determine whether enough fuel
could have collected in the apartment to
feed the flame for the period of time ob-
served, NIST researchers used the
CFAST model to recreate the incident.?

Computer analysis and results

The apartment of origin was modeled as
a single room measuring 20 feet (6.1 me-
ters) by 46 feet (14 meters) by 8.25 feet
(2.5 meters). The stairway was modeled
as a second room measuring 4 feet (1.2
meters) by 10 feet (3 meters) by 30 feet
(9.1 meters), connected to the apartment
by a closed door. This “second room”
had a roof vent area of 9 square feet (0.84
square meters). The fireplace flue was
modeled as a vertical duct 33 feet (10 me-
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ters) high, with a cross-section of 1.5
square feet (0.14 square meters). The fire
department provided all these dimen-
sions from measurements they took at
the scene.

Using actual data on burning trash
bags, researchers assumed the initial fire
to be a constant heat release rate (HRR)
of 25 kW.3 This fire then became a “medi-
um t2” fire, with a peak heat release rate
of IMV—although this was never reached
because oxygen was limited (see Figure
3). It's common in engineering calcula-
tions to use exponential fire growth rates
proportional to time squared—or t fires.
The most common of these t? curves—
slow, medium, and fast—are defined in
NFPA 72, the National Fire Alarm Code,
for the design of fire detection systems.
Such “medium t2” fires are characteristic
of most of the items commonly found in
homes.4

It took approximately 2 hours to com-

pile and enter the data into CFAST, and
the model performed the calculations in
a few seconds. The fire grew to about 500
kW over 5 minutes of simulation time,
then rapidly throttled back as the oxygen
concentration dropped below 10 percent
(see Figure 4). Temperatures in the
apartment peaked briefly at about 570°F
(300°C), then rapidly dropped below
200°F (100°C) as the burning rate fell
(see Figure 5). The carbon monoxide
concentration rose to about 3,000 parts
per million, and unburned fuel accumu-
lated in the apartment during this stage
of combustion.

The front door was opened 2,250 sec-
onds into the simulation; this is the time
the first-floor team is estimated to have
entered the apartment. Warm air with a
temperature of 200°F (100°C) immediate-
ly flowed from the upper part of the
doorway, followed by an inrush of ambi-
ent air through the lower part of the
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cremated alive, and that sacrifice shouldn't be
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Vina Drennan
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Heroes Are All Around Us...

The three fire fighters who died in the
Watts Street fire were Jimmy Young,
Christopher Siedenburg, and John Dren-
nan. On April 26, 1995, John Drennan’s
wife, Vina, addressed the seventh annual
National Fire and Emergency Services din-
ner, held in Washington, D.C. The following
are excerpts of her remarks.

doorway. This was followed, in turn, by
the emergence of a large door flame—ex-
actly as the fire fighters had reported.
Within a few seconds, this flame grew to
a peak burning rate of nearly 5 MW, rais-
ing the lemperature in the stairway to
more than 2,200°F (1.200°C)—hot
enough to melt the glass in the skylight
(see Figure 6). Most important, the quan-
tity of unburned fuel that had accumulat-
ed in the apartment caused the door
flame to persist for more than 7 minutes.

Discussion

The CFAST calculations confirm the re-
searchers' theory of the development of
this fire. They also support the hypothe-
sis that unburned fuel and carbon
monoxide accumulated in the apartment,
whose fireplace flue was open but which
was otherwise tightly sealed. The result
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was a backdraft when the front door was
opened. The calculations show that
enough fuel could accumulate under
these underventilated conditions to
cause a door flame to persist for the ex-
tended period observed. The model re-
produced all the reported conditions,
such as smoke flowing from the chimney,
air flowing through the doorway, glass
melting in the skylight, and fire damaging
the apartment and stairway.
Researchers had to make some as-
sumptions to perform these calculations,
and this may have had an impact on the
model’s predictions. The results are sen-
sitive to the volume of the apartment and
to the size and locations of the ventila-
tion openings, all of which were accu-
rately based on actual measurements
taken by the fire department during its in-
vestigation. The apartment is reported to

have been very tightly sealed, so the as-
sumption of no additional leakage was
justified, and the ventilation provided by
the fireplace flue was based on actual di-
mensions.

The combustion was predominately
controlled by the ventilation, making the
resulis insensitive to fuel loading and to
the specific burning characteristics of
the fuel. The generation rate of un-
burned fuel should be affected by ener-
gy feedback from the environment and
any flames present during ventilation-
controlled combustion. The CFAST
model doesn’t contain such a self-con-
sistent combustion model, so these ef-
fects weren't included, and the quantity
of unburned fuel might have been over-
predicted by an unknown amount. Such
an overprediction would tend to in-
crease the duration of the door flame,
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but not its peak value. Since the dura-
tion of the model flame matched that
observed during the actual fire, the ef-
fect is either small, or compensating er-
rors were made in the estimate of the
extent of fire involvement. The fire was
in steady state for quite a while before
the door is assumed to have been
opened, so the predicted results are in-
sensitive to that time. The backdraft oc-
curred spontaneously in the model
when the door was opened.

Lessons learned

During follow-up discussions, the New
York City Fire Department concluded
that, although the fire service has long
recognized the dangers of backdraft, the
unusually long duration of the flame
under these conditions represents a haz-
ard against which fire fighters’ protective
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equipment is ineffective. As buildings be-
come better insulated and sealed for en-
ergy efficiency, such hazards may be-
come increasingly common. Thus, new
operational procedures must be devel-
oped to reduce the likelihood of expo-
sure to flames of this duration.

The fire department also noted that, as
a result of the publicity surrounding this
incident, a few similar incidents were re-
ported. These incidents occurred before
this particular fire, but they'd gone unre-
ported because no one had been injured.
The fact that the Watts Street fire wasn’t
an isolated incident reinforces the need
for improved operational procedures.
The success of this exercise also points
out the benefits of using modern comput-
er fire modeling to reconstruct fires so
that we may better understand how to
mitigate their effect.
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