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Fire Destroys Cold Storage, Fruit Packing Buildings, Washington
A large cold storage warehouse was destroyed when a fire spread through the two middle floors,
eventually causing the building to collapse. One exterior wall fell into a nearby fruit packing plant.

The four-story building was constructed of heavy timber with a steel frame and exterior brick walls,
and covered approximately 111,550 square feet (10,363 square meters). The building, which also had
a basement, had an exterior elevator on one side. The basement and first floor were in use; there was
limited activity on the second floor; and the third and fourth floors were unoccupied. The structure
had no fire detection or suppression equipment.

As the building was closing for the night, an employee detected the fire and called 911 at 6:04 p.m.
Firefighters arriving eight minutes later saw smoke coming from the exterior elevator on the third
floor and from the fourth-floor roof overhang. An employee told firefighters that the blaze was on
the second floor and that the ammonia refrigeration system had been secured and the power shut off.

The fire department's pre-incident plan called for the application of nearly 6,000 gallons (22,712
liters) of water per minute if the building were 50 percent involved. Knowing that the hydrant system
could supply only 1,000 gallons (3,785 liters) per minute, the incident commander ordered additional
alarms and resources for a drafting and water-shuttle operation.

Within an hour, the fire had spread to the third floor and vented through the roof in one corner.
About 50 minutes later, an exterior wall collapsed onto an attached building in which fruit was
packed. At that point, firefighters abandoned their efforts to save the warehouses. Another wall then
collapsed onto a hose, shearing it off at the hydrant. Thirteen apparatus and 55 firefighters fought the
blaze until 11:30 a.m. the next day, finally using a crane to complete extinguishment.

The buildings, valued at $1.97 million, and their contents, valued at $1.3 million, were a total loss.
There were no injuries. The cause is undetermined.

Kenneth J. Tremblay, 2005, "Firewatch", NFPA Journal, September/October, 22.

Six Firefighters Die in Vacant Cold Storage Facility Fire, Massachusetts

At 6:13 p.m. on a December evening, a fire was reported in a vacant, five-story, cold storage
warehouse of heavy timber construction. The fire started when a homeless couple knocked over a
candle. Two firefighters became lost searching for the two occupants, and four others died searching
for their colleagues. This vacant building was a known hangout for homeless people. The interior of
the building was maze-like, and fire conditions changed rapidly. Six firefighters died in this fire.

Adapted from Robert S. McCarthy’s 2000, “1999 Catastrophic Fires” NFPA Journal, September/October 59.
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Indiana

Date: December

Time: 3:45 p.m.

Dollar Loss: $85,000,000

Property Characteristics and Operating Status:
This plastic products warehouse was of unprotected, noncombustible construction. It was operating
at the time of the fire.

Fire Protection Systems:
The warehouse had no automatic detection system. It did have a complete-coverage, wet-pipe
sprinkler system that activated but was unable to control the rapidly spreading fire.

Fire Development:
An unknown heat source ignited polystyrene material in stacks of wooden pallets. The fire grew
rapidly and spread vertically then horizontally to engulf the structure.

Contributing Factors:
None reported.

Stephen G. Badger and Thomas Johnson, 1999, "1998 Large-Loss Fires and Explosions," NFPA Journal,
November/December, 91.

Indiana

Date: February

Time: 10:45 p.m.

Dollar Loss: $17,000,000

Property Characteristics and Operating Status:

This one-story cold storage and frozen food distribution warehouse was of unprotected,
noncombustible construction and had a ground-floor area of 90,000 square feet (8,361.3 square
meters). It was operating at the time of the fire.

Fire Protection Systems:
The warehouse had no automatic detection or suppression equipment. Workers tried to put the fire
out with 10-pound (4.5-kilogram) dry-powder extinguishers, but the fire was too large.

Fire Development:
A fire of unknown cause started in wood pallets and cardboard on a rail loading dock outside the
building. The fire spread from there to a wall, then up to the roof. One firefighter was injured.

Contributing Factors:
High winds outside and operating fans inside helped spread the fire.

Stephen G. Badger and Thomas Johnson, 1999, "1998 Large-Loss Fires and Explosions," NFPA Journal,
November/December, 92.

Cold Storage Facilities, 3/11 2 NFPA Fire Analysis and Research, Quincy, MA.



State: Texas

Dollar Loss: $5,000,000
Time: 4:00 am

Month: July

Property Characteristics and Operating Status:

This frozen food storage building had a ground-floor area of 97,000 square feet (9,011.6 square
meters). Its height and construction weren’t reported. The plant was operating at the time of this
explosion.

Detection and Suppression Systems:
No information was reported on detection equipment. The building had a sprinkler system, but the
type and coverage weren’t reported. The system was disabled by the explosion.

Fire Development:

Instrumentation detected an ammonia leak in the building. Shortly after workers were evacuated,
there was an explosion in the plant’s freezer. Other details are still under investigation. No injuries
were reported.

Contributing Factors and Other Details:
None reported.

Stephen G. Badger, 1999, “Large-Loss Fires and Explosions,” NFPA Journal, November/December, 93-94.

State: California

Dollar Loss: $6,200,000
Time: 1:24 p.m.

Month: September

Property Characteristics and Operating Status:

This 16-foot-tall structure was used for cold storage of grapes in wood boxes and Styrofoam cases. It
was of unprotected ordinary construction and covered a ground-floor area of 40,000 square feet. The
warehouse was in full operation at the time of the fire.

Detection and Suppression Systems:
There were no automatic detection or suppression systems.

The Fire:

The fire started when a forklift being operated by an employee inside the building collided with an
LPG-powered steam cleaner used for building maintenance. The collision broke off the valve to the
cleaner’s LGP tank, and the cleaner’s pilot light ignited escaping gas. The fire spread rapidly to the
storage cases and wall coverings of foam insulation, then throughout the building through horizontal
ductwork with no dampers. Two employees tried to fight the blaze, and the fire department mounted
an aggressive interior attack. When it failed, firefighters switched to an exterior attack. Two
firefighters and one civilian were injured.

Contributing Factors and Other Details:
Stored goods were stacked 15 feet high in some areas of the 16-foot-high structure. The water supply
was inadequate for fire suppression activities. The water supply was from a 6-inch dead end main,
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and a 25,000-gallon water tank on the property was depleted early in the fire. Exposed insulation on
the walls contributed to fire spread.

Stephen G. Badger, 1997, “Large-Loss Fires and Explosions,” NFPA Journal, November/December, 57.

State: California
Month: September, 1996
Time: 1:24 p.m.
Dollar Loss: $6,200,000

Property Characteristics and Operating Status:

This 16-foot-tall structure was used for cold storage of grapes in wood boxes and Styrofoam cases. It
was of unprotected ordinary construction and covered a ground-floor area of 40,000 square feet. The
warehouse was in full operation at the time of the fire.

Detection and Suppression Systems:
There were no automatic detection or suppression systems.

The Fire:

The fire started when a forklift being operated by an employee inside the building collided with an
LPG-powered steam cleaner used for building maintenance. The collision broke off the valve to the
cleaner’s LGP tank, and the cleaner’s pilot light ignited escaping gas. The fire spread rapidly to the
storage cases and wall coverings of foam insulation, then throughout the building through horizontal
ductwork with no dampers. Two employees tried to fight the blaze, and the fire department mounted
an aggressive interior attack. When it failed, firefighters switched to an exterior attack. Two
firefighters and one civilian were injured.

Contributing Factors and Other Details:

Stored goods were stacked 15 feet high in some areas of the 16-foot-high structure. The water supply
was inadequate for fire suppression activities. The water supply was from a 6-inch dead end main,
and a 25,000-gallon water tank on the property was depleted early in the fire. Exposed insulation on
the walls contributed to fire spread.

Stephen G. Badger, 1997, “Large-Loss Fires and Explosions,” NFPA Journal, November/December, 57.

Sprinklers Limit Damage in $3 Million Blaze in Retail Warehouse, Washington

A retail discount warehouse that sold general merchandise in bulk suffered a $3 million loss when a
forklift struck a rack containing a pallet of flammable aerosol lubricant. The pallet fell, damaging the
canisters and causing an explosion and fire. The property's fire protection features, including draft
curtains, automatic smoke vents, and a sprinkler system, worked well to limit fire spread.

The single-story, 117,204-square-foot structure had 30-foot ceilings and was built on a concrete slab.
Unprotected steel columns supported steel bar joists that were covered with metal. The walls and
ceilings were insulated with fiberglass, and plywood covered the lower 8 feet of the interior walls.
Rack storage units, which held rows of storage and sales merchandise, were located in the
sales/storage area. The property also contained automotive tire sales and service area, a bakery, and
an outside canopied sales area.
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The building was fully protected by three wet-pipe sprinkler systems, which were monitored by a
central station monitoring company. One of the risers also supplied an auxiliary dry-pipe system that
protected the outside canopied area. A 1,000-gpm automatic fire pump designed to maintain 150 psi
supported the sprinkler systems. The sprinklers, which had a 17/32-inch nominal orifice and a
temperature rating of 286°F, were spaced so that each covered an 80-square-foot area. The building
had 138 skylights, 38 of which served as automatic smoke vents. Draft curtains divided the building
into seven areas, each measuring approximately 17,000 square feet. The building had no smoke
detectors.

At the time of the blaze, the store was operating, and 25 employees were restocking inventory. A
forklift operator was removing a pallet of pressure washers from rack storage when the guard
protecting the truck's forks struck a cross member for the rack above, knocking over a pallet of
aerosol cans containing a flammable solvent/lubricant. The operator saw the pallet falling and got off
the truck. As it fell, he saw several canisters release their product and explode. Other witnesses in the
area also saw the explosions and flames coming from canisters, as well as broken valves flying
through the air like fireworks. All employees were ordered to evacuate as smoke quickly filled the
building.

The central station alarm company received a fire pump and water flow alarm activation and notified
the fire department at 6:48 a.m. Warehouse employees also called to report the blaze.

Two engines and seven command officers responded to the first alarm. As part of the department's
prefire plan, a large number of officers are sent to all structure fires to get the incident command
system in place before additional alarms are called and more units arrive. Arriving firefighters saw
dark smoke venting from two skylights. They verified that all employees had safely evacuated and
determined the involved area.

Five minutes after the first firefighters arrived, command struck another alarm, bringing two
additional engine companies to the scene. Firefighters supported the sprinkler system, set up a
telesquirt, and began advancing handlines into the building.

Although the roof vents were open and positive pressure ventilation was in use, smoke inside the
building obscured visibility. However, crews reported cold smoke, which indicated that sprinklers
were controlling the blaze.

Firefighters were hampered by pallets blocking the aisles and oil residue on the floor. Using two 1
1/2-inch handlines, crews located the seat of the blaze and quickly extinguished a few remaining spot
fires.

The fire occurred in the northwest corner of the building near an automobile tire display. The most
severe fire damage was in the rack storage area near the forklift. Investigators determined that one of
the forklift's electrical components ignited the flammable aerosol lubricant. The fire spread vertically
to the ceiling, then horizontally until it reached the draft curtain. Thirty-seven sprinklers in two zones
activated.

Overall, investigators stated that the systems in place worked very well. In fact, one investigator later
said that "the building was saved because of the sprinkler system. With the vapor explosion and the
amount of initial fire, along with lightweight trusses, our fire department feels that the fire would
have become a defensive fire before our arrival and would have been fought as such.”

Cold Storage Facilities, 3/11 5 NFPA Fire Analysis and Research, Quincy, MA.



Damage to the building, valued at $4 million, and its contents, valued at $7 million, was estimated at
$500,000 and $2.5 million, respectively. Most of the damage to the contents was attributed to smoke.

One firefighter sustained a chemical burn to his forehead and several sets of firefighting gear had to
be decontaminated or destroyed because of oil in the water runoff.

Kenneth J. Tremblay, 1996, "Firewatch,” NFPA Journal, July/August, 23.

Texas

Date: July

Time: 3:00 a.m.

Dollar Loss: $5,500,000

Property Characteristics and Operating Status:

This cold storage building was used to store peanuts. It was on-story high and had a ground-floor
area of 43,000 square feet. It was predominately of ordinary construction, although the entire
structure contained various types of construction. The building was closed for the night.

Fire Protection Systems:
The building had no automatic fire detection equipment. At the time of the fire, the sprinkler system
was being removed without fire department notification or approval.

Fire Development:
The fire began in the attic, where a cutting torch used to remove sprinkler piping in the cold storage
room ignited combustible ceiling material. Workers hadn't checked the area after cutting operations
ended for the day.

A passing police officer reported the fire, which spread through the attic and into storage rooms.

Contributing Factors:
A 12-hour delay transpired between ignition and detection.

Stephen G. Badger and Rita F. Fahy, 1995,"Billion-Dollar Drop in Large-Loss Property Fires," NFPA Journal,
November/December, 108.

lllinois

Date: August

Time: 7:37 p.m.

Dollar Loss: $28,000,000

Property Characteristics and Operating Status:

This facility was used as a cold storage warehouse for perishable foods. The single-story warehouse
was of unprotected noncombustible construction with a ground-floor area of 89,000 square feet. The
facility was operating at the time of the fire.

Fire Protection Systems:

The warehouse was fully equipped with sprinklers. Coverage consisted of one wet-pipe system for
the office and mezzanine areas and two dry-pipe preaction systems with heat actuating devices. The
systems' water supply was supplemented by a 1,000-gpm electric fire pump.
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Fire Development:

The running lights of a tractor trailer truck that had been backed into a loading dock were accidentally
left on, and the heat they generated eventually ignited the polyurethane truck bumpers on the dock.
The fire was discovered when the driver pulled the vehicle from the dock. Workers tried to
extinguish the fire before notifying the fire department, but the fire spread through an open docking
bay into the polystyrene insulation surrounding the cold storage areas. The fire department arrived
within 5 minutes but was unable to contain the fire due to its rapid extension and the collapse of the
mezzanine. The warehouse and its contents were a total loss.

Contributing Factors:

Although the wet-pipe sprinkler system operated as designed, both dry-pipe valves for the two
preaction systems failed to operate. The reason for this failure was not reported. The failure of the
preaction system resulted in rapid fire extension throughout the warehouse.

There was a 10 -to-15-minute delay in notifying the fire department as employees tried to put out the
fire with portable extinguishers.

The loading dock door was left open during the early stages of the fire, allowing the blaze to spread
to the interior building insulation.

Michael J. Sullivan, 1994, "Property Loss Rises in Large-Loss Fires," NFPA Journal, November/December, 96.

Faulty Aluminum Wiring Connection Causes $1.5 Million Fire at Cold Storage Warehouse,
Oregon

Fire severely damaged a cold storage fruit warehouse when the building’s fixed aluminum wiring
short-circuited.

The single-story warehouse, constructed of metal-over-wood framing, was divided into numerous
sections, including a packing house, cold storage room, a sorting room, and other small service/utility
rooms. The building contained fire extinguishers, but it did not have any sprinklers or fire detection
equipment.

The fire, which began in an unoccupied section of the warehouse during working hours, was
discovered by someone at an adjacent business, who called the fire department at 11:14 a.m.
Approaching units saw a column of thick, black smoke hundreds of feet high. By the time
firefighters arrived, the fire was spreading to a second-story room and to the roof.

Later investigations showed that flame spread was accelerated by burning urethane foam wall
covering used as insulation in cold storage. Exposure of 1,000 gallons of liquid ammonia refrigerant
posed an additional firefighting challenge. Eighty-three firefighters from 15 engine companies and 3
truck companies were finally able to control the blaze, but with so many exposures to protect, they
were unable to prevent significant damage to other parts of the building.

Investigators determined that the fire began at an interior wall approximately 8 feet above the floor in
electrical conduit that supplied an air conditioning unit on the roof. The conduit contained three
conductors of aluminum wiring that met in a junction box, where they were fastened with brass-on-
copper splicing devices. When the aluminum wires broke loose from the connector and started arcing
in the box, two of the fuses that protected the wires blew. Heat from the arcing conductors ignited the
wire insulation, which led to a chain of events that blew out conduit at several points up to 50 or 60

Cold Storage Facilities, 3/11 7 NFPA Fire Analysis and Research, Quincy, MA.



feet away. The fire, which burned for 30 minutes before it was detected, eventually involved a
compressor room, offices, and the cold storage rooms.

Damage to the building and its contents was estimated at $1.5 million.

Kenneth J. Tremblay, 1994, “Firewatch”, NFPA Journal, November/December, 27

Washington

Date: September

Time: 8:18 a.m.

Dollar Loss: $62,000,000

Property Characteristics and Operating Status:
Cold storage facility. This one-story building of protected ordinary construction had a ground-floor
area of 186,000 square feet. The facility was closed for the night.

Fire Protection Systems:

Six separate sprinkler systems were present in the facility-five pre-action and one dry-pipe system.
The systems included in-rack sprinklers. There was a heat detection system associated with the
sprinkler system.

Fire Development:

A patrolling police officer discovered flames coming from the roof of the warehouse and notified the
fire department. Firefighters arrived within 6 minutes to find a fire in the ceiling level of the -10~F
cold storage area. Flames entered a 2-foot deep void filled with a thick layer of insulation that
extended over the entire warehouse. Ninety percent of the roof eventually collapsed as the fire
consumed the insulation in the roof and walls. The structure and 22 million pounds of frozen foods
were destroyed. Investigators were unable to determine the cause of the fire.

Contributing Factors:

The automatic sprinkler systems were not in service at the time of the fire, and there was no manual
means of activating the sprinkler system. Firefighters were not notified of the sprinkler system
impairment until considerably after they had arrived at the fire. Sprinklers were then activated, but
they failed a short time later due to the collapse of the warehouse roof.

Michael J. Sullivan, 1993, "Large-Loss Fires Rise Slightly While Property Loss Drops,” NFPA Journal,
November/December, 85.

Indiana

Dollar Loss: $17,000,000
Date: February

Time: 10:45 p.m.

Property Characteristics and Operating Status:

This one-story cold storage and frozen food distribution warehouse was of unprotected,
noncombustible construction and had a ground-floor area of 90,000 square feet (8,361.3 square
meters). It was operating at the time of the fire.
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Fire Protection Systems:
The warehouse had no automatic detection or suppression equipment. Workers tried to put the fire
out with 10-pound (4.5-kilogram) dry-powder extinguishers, but the fire was too large.

Fire Development:
A fire of unknown cause started in wood pallets and cardboard on a rail loading dock outside the
building. The fire spread from there to a wall, then up to the roof. One firefighter was injured.

Contributing Factors:
High winds outside and operating fans inside helped spread the fire.

Stephen G. Badger and Thomas Johnson, 1999, 1998 Large-Loss Fires and Explosions, NFPA Journal,
November/December, 92

Wisconsin

Date: May 1991

Time: 3:31 p.m.

Dollar Loss: $77,500,000

Property Characteristics and Operating Status:
Cold storage warehouse complex.

The single-story building measured 260 feet by 168 feet and had a ceiling height of 55 feet.
Construction was of unprotected metal and concrete materials. Floors were concrete slab, and the
walls and roof framing were unprotected steel with a metal covering. Walls had insulation-consisting
of insulation, membrane, and ballast decking-between the metal sheeting and the roof covering.

The complex consisted of five warehouses with nine individual storage areas that were used as
freezers, coolers, and a combination freezer/cooler. The complex and storage buildings were in close
proximity. The facility was operating at the time of the fire.

Fire Protection Systems:

Automatic suppression and detection equipment was present in buildings 1, 3, 4, and in the corridor
between buildings 2 and 5. The detection equipment-waterflow alarms with central station
supervision-operated. No information was reported on the type of smoke or heat detectors present.

Automatic sprinklers were present in the freezer area and in the corridor. The sprinklers--designed to
deliver 0.15 gpm per square foot were located at the ceiling level only; there were no in-rack
sprinklers. Overwhelmed by the fire, the sprinklers were rendered inoperable by the building's
collapse. No other information concerning the coverage or performance of sprinklers was reported.

Fire Development:

The fire was caused by an electrical malfunction in an electric forklift truck in the warehouse. An
employee heard a noise and saw the fire in and around the forklift. The employee reported the fire to
the building manager, and they attempted to extinguish it using portable fire extinguishers. Another
employee notified the fire department by calling 911 on an emergency telephone.

At the time the fire department received the emergency telephone call, fire personnel stationed across
the street from the warehouse had noticed smoke and fire and were responding. The fire department
also received an automatic fire alarm signal.
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First-arriving firefighters reported that the automatic sprinkler system was operating. However, the
fire intensified during suppression operations, and the collapse of the building hampered firefighting
efforts. The fire was extinguished after the building collapsed. Nine firefighters were injured.

Contributing Factors:
An inadequately designed sprinkler system. A large quantity of combustible materials

John R. Hall, Kenneth T. Taylor, and Michael J. Sullivan, 1992, Large-Loss Fires Top $2.6 Billion in Damage in 1991,
NFPA Journal, November/December 75.

California

Dollar Loss: $10,000,000
Date: July

Time: 3:05 p.m.

Property Characteristics and Operating Status:
Agricultural packing and cold storage facility: ordinary unprotected construction; 60,000 square feet;
1 story; 25-foot ceiling. Packing plant operating; cold storage under construction.

Fire Protection Systems:
No Detection or Suppression system.

Fire Development:

The exact cause of the fire is undetermined, but investigators believe that an on-site contractor may
have caused a short circuit in the fixed wiring. This ignited foam insulation in the ground-level
electrical and mechanical room.

Contributing Factors:
Fire walls were in place, but the fire spread through open doors. No deaths, no injuries.

Kenneth T. Taylor and Kenneth J. Tremblay, 1990, Large-Loss Fires in the United States During 1989, Fire Journal,
November/December, 60.

Maryland

Dollar Loss: $30,000,000
Date: October

Time: 1:10 a.m.

Property Characteristics and Operating Status:
Cold storage warehouse; ordinary construction; 160 square feet; 3 stories. No one on premises.

Fire Protection Systems:
No Detection or Suppression system.

Fire Development:
A fire of undetermined cause started in a ground-floor storage locker. It progressed from the center
of the building to individual freezers that contained six million pounds of butter.
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Contributing Factors:

Melting butter allowed the fire to spread and intensify. Ammonia leaking from the freezers made
conditions hazardous for firefighters. There was a delay in alarm due to the construction of the
building and the fire’s location. No deaths; 1 civilian injury; 1 firefighter injury.

Kenneth T. Taylor and Kenneth J. Tremblay, 1990, “Large-Loss Fires in the United States During 1989”, Fire Journal,
November/December, 61.

Washington

Dollar Loss: $9,000,000
Date: November

Time: 8:33 p.m.

Property Characteristics and Operating Status:
Cold storage facility; ordinary construction; 4 stories, 60,000 square feet. Normal operation

Fire Protection Systems:
None.

Fire Development:

A worker discovered a 220-volt electrical utility panel arcing in an electrical service room. He
immediately notified the fire department. Arriving firefighters were delayed 15 to 20 minutes due to
high-voltage discharge, until the utility disconnected the building’s power. This delay allowed the
fire to gain considerable headway. High dollar loss was attributed mostly to the loss of 15 million
pounds of frozen food.

Contributing Factors:

None noted. No deaths; 6 firefighter injuries.

Kenneth T. Taylor and Kenneth J. Tremblay, 1990, “Large-Loss Fires in the United States”, Fire Journal,
November/December, 69.

Hot Slag Ignites Insulation, Illinois

Workers at this three-story building that had brick walls, wood floors, and a built-up roof on wood
deck shut off the sprinklers to cut an 18-inch section out of the main sprinkler. At 2:45 pm, a piece of
hot slag from the cutting operation ignited insulation in an ammonia coil room in the basement.

When workers opened the trap door to the fire area, a backdraft explosion occurred that either
ruptured ammonia coils or melted soldered joints.

A worker reported an ammonia explosion to the fire department. Firefighters found the building full
of ammonia upon their arrival had begun a search-and-rescue operation, during which they
discovered the fire-at least 30 minutes after it had started.

The fire spread through stored cardboard on the second floor and across oil-soaked flooring,
involving two large vegetable oil cookers and 6,000 gallons of vegetable oil.

The lack of firestops on the cooling and machinery floor (five feet below the floor of origin)
contributed to the fire spread. Also, although two hydrants were available for firefighting, the fire
department was not aware of their existence.

Fire Analysis and Research, 1980, “Bimonthly Fire Record”, Fire Journal, September, 20.
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Ammonia Explosion, Mississippi
Leaking ammonia ignited by a gas-fired unit heater exploded at this milk-processing, ice-cream
manufacturing plant.

The explosion occurred in a one-story packaging warehouse. The building was constructed of
concrete blocks with a roof system of cement fiberboard on steel joists and steel columns. There was
no automatic sprinkler protection.

At approximately 7:05 am, the plant superintendent noticed that the high-pressure compressor to the
freezers was not operating. At 7:10 am, he returned to the compressor room with a maintenance man.
They observed that the pressure gauge on the intermediate cooling system was reading in excess of
150 psi. They could also hear gas escaping in the adjoining warehouse area. The two men
immediately began to shut down electrical equipment and notified plant employees to evacuate the
building. At approximately 7:15 am, the escaping ammonia exploded. Because the explosion
damaged telephone lines, a maintenance man was sent across the street to phone the fire department.

Firefighters ventilated the roof and extinguished the fire using four large handlines. There were no
reported injuries to plant personnel or firefighters.

Investigation revealed that a pressure switch failed in the intermediate cooling system. This caused a
relief valve on a coil-jacketed tank to open, leaking gas into the warehouse area. This valve was not

vented to the outdoors or back into t lower-pressure section of the system. The ceiling-hung gas unit
heaters provided ignition.

Loss to the structure and building contents was estimated at $200,000.

Fire Analysis and Research, 1979, “Bimonthly Fire Record”, Fire Journal, September, 13.

Exposed Polyurethane Insulation, Washington

This 200,000-square-foot apple packing and storage complex consisted of three separate buildings.
The building of origin was subdivided into about seven controlled-atmosphere cold storage rooms.
This building had corrugated-steel walls and roof on a steel frame. The room of origin was insulated
with two layers of foam plastic material. The first layer was polystyrene block and the exterior layer
consisted of 2 1/1 to 3 inches of sprayed-on polyurethane. There was no thermal barrier protecting
the foam insulation. The buildings were not protected by an automatic sprinkler system, nor did they
have an automatic fire detection system. The facility’s fire-extinguishing equipment was limited to
several portable fire extinguishers in each section and two yard fire hydrants supplied by the district
irrigation system.

At approximately 11:10 am, tow workmen were cutting a hole in a steel truss near the ceiling of the
cold storage room with a cutting torch. The polyurethane insulation became ignited, and the
workmen attempted to extinguish the fire using a small carbon dioxide extinguisher. The
extinguisher was quickly emptied, and had no apparent effect on the fire. The men left to get an
additional 40-1b. dry chemical extinguisher, but by the time they returned, the fire had spread across
the ceiling of the room and had heavy black smoke forced them to abandon their efforts.

The fire knocked the telephones out of service, which further delayed transmission of the alarm to the
fire department. The fire department received the first alarm at 11:24 am and promptly responded.

Cold Storage Facilities, 3/11 12 NFPA Fire Analysis and Research, Quincy, MA.



Arriving firefighters found two sections of the complex almost totally involved. Firefighters wore
self-contained breathing apparatus as they attacked the fire. It was extinguished in about two hours.

The rapid flame spread over the unprotected polyurethane insulation and the lack of fire protection
and extinguishment equipment were key factors contributing to this estimated $2,500,000 loss.

Fire Analysis and Research, 1977, “Bimonthly Fire Record”, Fire Journal, September, 45.

Cold Storage Facilities, 3/11 13 NFPA Fire Analysis and Research, Quincy, MA.
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Fires Involving Refrigeration Systems,
Particularly When Anhydrous Ammonia Was Used As A Refrigerant

Wisconsin 1993

At about 2:00 a.m., the fire department received a 911 call about a fire at
this meat processing and packing plant. The structure involved had a
concrete floor and brick walls. Four sprinklers were above a storage area
for combustibles at one end of the building.

The engine room of the structure contained six compressors. A thermo-
siphon, including an ammonia tank, valving and piping that carries
lubricating oit through heat exchangers, was on the roof. (Three ammonia
compressors were in a separate building.) Three air compressors were in
another room, and a transformer was in a third area.

A security officer reported hearing a loud rumbling noise for a few minutes,
and then the power went out. He was notified that a waterflow alarm had
been received from the fire building, and was sent to investigate. He
encountered smoke throughout the building and flames near the floor.
Water flowing out the doors indicated that sprinklers were working.

When the power went out, the fire pump ceased to operate. Witnesses
reported hearing at least two small explosions during the incident. These
were believed to be ammonia ignitions.

During the year, one-ammonia compressor had been making a vibration
noise. The noise had been evaluated, was attributed to the fan housing and
was not considered dangerous. The same compressor had been making
new noises in recent weeks. A service call had been requested, but the
noise had not been evaluated by the day of the fire. Two compressors,
including the one previously mentioned, were severely damage by heat and
covered with large amounts of soot. Neither contained any oil after the fire.
About 36,000 pounds of ammonia had been released during the incident.
Studs and bolts were found loose on the compressor that had reportedly
been making vibration noises. Other ammonia compressors in the building
were also damaged by fire, as were the roof wiring, transformer and air
compressors. Some meat also spoiled.

The cause of this fire was not determined. Direct property damage was
estimated at $1 ,850,000.



California 1990

At about 2:20 a.m., the fire department was notified of a problem at this
ice storage facility. Arriving firefighters noted a southerly wind and a cloud
of anhydrous ammonia above the building. Fire was coming from a corner
of the wood and block structure. The facility also contained a mechanical
equipment room. The police department began evacuating people near the
area.

An electrical arc was believed to have ignited ammonia vapors. The
resulting fire caused $1,250,000 in direct property damage to the
structure. Loss to the contents was estimated at $550,000. The exteriors
of three nearby vehicles were also damage by heat from the fire.

Oregon 1990

At 4:01 a.m., a passer-by called 911 to report a problem at this 50-year-
old, singie-story frozen food warehouse. The walls in this 300' by 200’
structure were made of concrete, as was the floor framing. The roof
framing and roof deck were both made of wood, and the roof covering was
built-up. No automatic fire detection system was present. A sprinkler
systemn was present in the warehouse, but not in the compressor room.
The business was closed for the night.

Anhydrous ammonia vapors had filled the compressor room when a small
coiled ammonia line broke. After the fire department arrived on the scene,
the relay opened or closed, and the resulting spark ignited the vapors.
Flame damage was confined to the compressor room; smoke damage
extended beyond the warehouse. Direct property damage to the
$2,500,000 structure was estimated at $10,000. No loss was reported to
the contents, valued at $2,500,000. One firefighter's finger was burned by
a road flare during the incident. The original break in the ammonia line
was blamed on the age of the equipment.

Wisconsin 1989

A fire in an electric room electrical panel spread to the roof area of this
cattle slaughtering and beef processing plant. The electrical transformer,
located on the roof, also ignited. During the fire, anhydrous ammonia was
discharged into the air.

The structure was a combination of wood and concrete block, with concrete
walls, wood floor and roof framing, a wood roof deck, and asphalt covering
on the roof. No automatic fire detection or suppression systems were
present. The building was equipped with fire extinguishers, but these



~would not have helped. The concrete block walls helped delay the fire's
spread to other areas.

Damage to the structure was estimated at $500,000. The loss to contents
was estimated at $250,000. The fire was considered unintentional, but the
exact ignition sequence was unreported or unknown. Details were limited
due to pending litigation.

- Massachusetts 1989 -

At 11:41 a.m., a worker called to report an explosion at this single-story ice
cream manufacturing plant. The 150’ by 66' structure had concrete and
cinder block walls, poured concrete floor framing, steel roof framing, a
metal roof deck and a built-up roof. No automatic fire detection or
suppression systems were present.

When firefighters arrived, one injured man was in the snow, and snow was
being applied to burns on his face and head. A strong smell of ammonia
~was coming from an overhead plant door. Company employees reported
that a colleague was injured and remained in the explosion area.
Firefighters found the victim, and discovered he had already succumbed to
his injuries. With that discovery, the priority switched to ventilation and
locating and stopping the leakage of anhydrous ammonia.

A leak in the oil trap (accumulator) drain valve of a 1950 ice cream freezer
had resulted in leakage of anhydrous ammonia into the plant. This
machine held about five cubic feet of ammonia. It was last used a week
prior to the explosion. At the time of the explosion, the plant manager (the
deceased) was attempting to repair the valve by either attaching a new
valve to the leaky one or replacing the one that was leaking. He had begun
draining the anhydrous ammonia into a pail of water to purge the ammonia
from the container. A rubber hose steam line was under the machine and
steam was flowing into the air.

The valve that let liquid ammonia into the freezer, the suction valve on the
gaseous ammonia return line and the oil trap drain valve were all closed to
separate the machine from the plant's refrigeration system and to prevent
any additional anhydrous ammonia from getting into the equipment.

As the temperature in the machine rose to room temperature or higher
from the steam hose underneath it, the anhydrous ammonia in the vessel
changed from a liquid into a gas. The rising temperature also raised the
vessel's pressure, causing it to rupture. The machine did not have a



pressure relief valve, and it appeared that the pressure gauge was not
working.

When the vessel ruptured, a small amount of oil from the system was
released with the anhydrous ammonia, resulting in a flash fire and a
simultaneous combustion explosion. The mechanical damage from the
overpressure rupture caused an electric arc that triggered these ignitions.
Equipment was destroyed in the blast area, and ceiling tiles were dislodged
in the plant offices. People outside of the building heard the ground shake
and saw the plant's doors fly open. No after-fire resulted from the
explosion, and the incident was self-extinguished. Direct property damage
to the $552,100 structure was estimated at $25,000. Damage to the
$212,800 worth of contents was estimated at $175,000. Two firefighters
were treated for exposure to ammonia. Civilian casualties from the
explosion included the plant manager, who suffered massive trauma from
the blast and was found dead at the scene, and two injured employees, one
with burns to the head and face and the other with a laceration on the
hand.

Kansas 1988

An explosion in an ammonia oil separator at this single-story concrete meat
packing plant claimed the life of one worker. A second worker suffered an
ammonia burn as he attempted to rescue his colleague. Because the
explosion put the phones out of service, the fire department was not
notified until 35 minutes after the explosion. Consequently, the fire
department delayed search and rescue operations until the scene was
secured and no additional ammonia was being released.

Only maintenance personnel were working at the time of the incident.
Human error had led to excessive pressure on equipment that lacked a
relief pressure valve. This resulted in the faifure of the tanks and
equipment.

A dry pipe sprinkler system was present but was not activated because the
explosion did not result in an after-fire. Damage to the structure and
contents was estimated at a total of $100,000.

California 1985

At 11:28 a.m., a worker at this single-story, wood frame and stucco fruit
and vegetable cold storage plant called the fire department to report arcing
wires. When firefighters arrived on the scene, they found an arcing
electrical subpanel in the plant's refrigeration engine room. About 500



gallons of liquid ammonia was in the room's ammonia receiver at the time.
Electrical wiring was first ignited, and fire spread quickly through the wood
truss, built-up roof. When the receiver vented, ammonia was released. The
subpanel was still arcing. The small fire in the subpanel resulted in the
release of ionized gas. Electricity was conducted through the gas and
made it possible for wires to arc without pulling enough amperage to cause
fuses to blow or to trip the circuit breakers. The transformer and main
panel were at the other end of the 30' by 50' structure; they also began to
arc. The panel box was blown partially off the wall.

The arcing went on for about ten minutes. A utility worker pulled the fuses
for the poles that provided the building with electricity. Firefighters used
one hose line to neutralize the leaking ammonia and to keep the
refrigeration condensors cool; a second was used for fire attack; and a
third was used for backup.

Three rooms of the building contained ammonia receivers, and three multi-
ton ammonia condensors were located on the roof. All told, the system
held 10,000 pounds of ammonia refrigerant. The fire was controlled just
when the building was beginning to collapse. Ammonia was still [eaking in
the equipment room after the fire was put out. The contents of one
receiver were lost, but slowly. The leaking ammonia was neutralized with
15,000-20,000 gallons of water, and left in a drainage ditch until the pH
level dropped from 12.5 at the time of the incident to eight. This took
several weeks. Damage to the $500,000 structure was estimated at
$20,000; damage to the $1,000,000 in contents was estimated at
$500,000. Two firefighters were treated for ammonia inhalation.

No automatic fire detection or suppression systems were present.

Oklahoma 1981

At 9:26 a.m., an employee of this ice manufacturing and frozen food
storage facility called the fire department to report a fire. The two-story

- structure had brick walls, concrete floor framing, wood roof framing, a
metal roof deck, and roof covering made of metal and wood. No automatic
fire detection or suppression systems were present.

The fire started in the engine room after an ammonia compressor
malfunctioned. Pressurized ammonia gas escaped and exploded when the
fumes reached an open flame heater. The explosion ignited other
combustible material in the room, and also involved insulation for the
refrigerated rooms. Three firefighters were treated at the emergency room
for inhalation of ammonia fumes. Direct property damage to the $165,000



structure was estimated at $50,000; damage to $1,200,000 worth of
contents was estimated at $400,000.



This accidental
fire, which
spread through
concealed spaces,
underscores the
importance of the
proper design
and placement of
sprinkler systems.

n accidental fire at the Dole Fresh
AVegetables plant in Yuma, Arizona,

destroyed most of the facility on
November 12, 1992, and resulted in an
estimated loss of $16 million.

On the day of the fire, the construction
of an addition to the facility was nearing
completion. It appears that welders in-
stalling processing equipment may have
accidentally ignited combustible materi-
als, including sprayed-on foam insulation
inside a wall assembly. )

The fire then spread in a combustible
concealed space between wood-frame in-
terior walls and metal exterior walls.
Sprinklers had not been installed in the
combustible concealed space, and al-

though some sprinklers in the facility -

operated, they could not control the fire
spreading within the walls.

The fire also appears to have spread
from the interior of the walls to the
occupiable areas of an addition, which
was under construction. Sprinklers in
this area were not operational. As a re-
sult, the fire grew rapidly and spread into
the area known as the salad plant, where
operational sprinklers were over-
whelmed. ‘

Michael §. Isner

in loss of property. The association
funded the study as part of an on-going
program to investigate technically signif-
icant fires. '

The International Conference of Build-
ing Officials (ICBO) assisted the NFPA
with data collection and analysis under
an agreement between the NFPA and the
three model building code organizations
to investigate significant structural fires
and other emergencies throughout the
United States. The model building code
groups assist the NFPA by providing
technical staff support for on-site field
work and building code analysis.

A 3-day, on-site study and subsequent
analysis of the event were the basis for
this report. The cooperation of the Yuma
Fire Department and the Dole Fresh Veg-

- stables Company made entry to the fire

scene and data collection activities pos-
sible. Information and details regarding
fire safety conditions are based on the
best available data and observations that
were made during the on-site data collec-
tion phase, as well as on additional infor-
niation provided during the report devel-
opment process.

The NFPA does not intend that this

The NFPA investigated the Dole Fresh report pass judgment on or fix liability %
Vegetables plant fire to document and for the loss of property resulting from the w
analyze significant factors that resulted Dole plant fire. Rather, the association 3
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intends that this report present the find-
ings of its data collection and analysis
efforts and that it highlight factors that
contributed to the loss of property.

Cuirent codes and standards were
used as criteria for this anaiysis so that
conditions at the facility on the day of the
fire can be compared with current fire
protection practices. It is recognized that
these codes and standards may not have
been in effect during the construction or
operation of the Dole Fresh Vegetables
facility. The NFPA has not analyzed the
facility regarding its compliance with the
codes and standards that were in exis-
tence when the facility was built or dur-
ing its operation.

The facility

. The Dole Fresh Vegetables plant in Yuma
was a seasonally operated facility where
locally grown lettuce was cleaned,
chopped, and packaged. The lettuce then
was sold to restaurants as a salad base
and to retail food stores for direct sale to
CONSUITErs,

In 1988, Yuma adopted some 21 NFPA
codes, including the 1985 edition of
NFPA 13, Installation of Sprinkler Sys-
tems, In the same year, Yuma also

adopted the 1885 editions of the Uniform
Building Code™ and the Uniform IFire
Code™, which the city applied during the
construction of the first two sections of
the Dole facility. The final section was
constructed using the 1985 Uniform
Building, Mechanical, and Plumbing
Codes and the 1830 edition of NFPA 70,
the National Electrical Code®,

The plant building was an L-shaped
structure divided into three areas (see
Figure 1). The west one-third of the build-
ing, a warehouse area referred to as
the “cooler,” measured about 215 feet
by 275 feet. A small, sectioned-off area in
the cooler was used as a mechanical
space.

The center one-third of the building—
referred to as the “salad plant”——was the
facility’s original structure. Constructed
in 1980, this secticn measured about 205
feet wide by 265 feet long.

The newest part of the building, called
the “addition,” was still under construc-
tion at the time of the fire. It was sched-
uled to be completed about 1 week after
the fire occurred. This section was ap-
proximately 205 feet wide by 220 feet
long, and included a new salad process-
ing area and a new cooler.

34

All three of the building’s sections
were of a light-gauge noncombustible
construction. Because a cool environ-
ment had to be maintained, some 4
inches of sprayed-on polyurethane foam
insulation covered the interior faces of
all exterior walls. Similarly, approxi-
mately 5 inches of sprayed-on polyure-
thane foam insulation covered the under-
sides of the metal roof assemblies. Wood-
frame walls throughout the building,
which were installed in front of the foam

- insulation, permitted the washing of inte-

rior surfaces. Automatic sprinklers pro-
tected the facility’s occupiable spaces. .
The insulation in the cooler had a
flame spread index of 25 and a smake
development value of 200; the insulation
in the addition had a flame spread index
of 20 and a smoke development value of
206.5. No information is available regard-
ing the characteristics of the insulation in

_ the salad plant.

Wood-frame interior walls in the salad
plant and the addition protected the sur-
face of the sprayed-on foam insulation.
Constructed with 2-by-4d-inch wood studs,
the walls were covered with nominal
Ye-inch plywood. Three coats of flber-
glass—applied at the site to provide a
durable and washable interior finish.

the plywood surface facing the
d area.
use of the placement of the inte-
od-frame walls, there was a con-
space between the plywood
ing and the foam. This combusti-
cealed space, which was about 8
ches wide m most areas, extended
gth and width of the building and
full height of the building’s exte-
alls.
: Cross-sectional detail for walls var-
different locations in the building.
sample, the wall between the salad
and the addition reportedly had
tal barriers to prevent vertical fire
installed at each girt level (see
212 The barriers were con-
by extending gypsum wallboard
n horizontal 2-by4-inch wall-
members and the metal wall
None of the facility’s walls had
barriers to prevent horizontal fire
in the walls.
: interior wall assembly that sepa-
the salad plant from the addition
etrations in many areas to facili-
installation of processing equip-
pes, and wires for systems com-
both areas. For example, two
pipes for hydraulic fluid and
conduits for equiprent controls
ed the wall between the salad
d the addition. In addition, there
hree 5-by-5-foot openings in the
7r conveyor equipment within 20

%, The National Fire Protection Assoc., Inc.
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- Typical wall construction: Exterior metul
sheathing with sprayed-on plastic foam
und wood-frame-supported, fiberglass-
covered plywood walls.

feet of the area of fire origin. The open-
ings were finished with wood framing
and plywood covered with fiberglass.

The ceiling assemblies in the salad
plant and in the addition were similar
to the wall assemblies: plywood covered
by three layers of fiberglass. The ceil-
ing assemblies had noncombustible
channels and runners, and were sus-
pended several feet below the building’s
pitched roof assemblies. As a result,
there was a large cockloft area between
the pitched roof and the ceiling assermn-
blies above the salad plant and the addi-
tion.

The construction of the cooler’s inte-
rior walls was similar to the wall con-
struction in the salad plant and the addi-
tion. As in most of the other walls, the
wood framing of the cooler walls was
several inches from the foam insulation
and was covered with plywood which
was covered with fiberglass. However,
the plywood and fiberglass in the cooler
covered only the bottom half of the walls;
moisture-resistant gypsum wallboard
covered the top half of most of the walls.
The horizontal barriers in these walls

were installed at alternating girt levels -

(see Figure 2).
The wall separating the cooler and the

mechanical room had another construc-

tion difference when compared to the

walls in the salad plant and the addition.
b4 ¥ The bottom half of that wall consisted of
concrete block, and the 2-by-4-inch
wood-frame interior wall that faced the
cooler was placed directly agaimst the
block Foarm insulation filled the cavities
.- between the wood-frame members and
I the plywood, which was fastened to the

MICHAEL 5. IS¢
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A view of combustible concealed space
hetween the wood-framed interior
surface and the plastic foam insulafion.

wood framing as it was in other areas of
the building. However, the top half of the
wall was constructed like all the other
exterior walls: Foam insulation covered
metal siding, and there was a wood-frame
interior wall and a void space between
the two assemblies.

The roof/ceiling assembly in the cooler
also was different. As in other areas of
the facility, the roof had a metal frame
and decking, and was covered with
sprayed-on foam insulation. However,
the ceiling in the area was a standard
suspended assembly with metal runners
and 2-by-4-foot noncombustible tiles. The
assembly was installed gbout 4 inches
below the surface of the foam insulation.

Walls in the comer of the cooler, near
the mechanical reom. Wallboard and
plywood covered the wall at left.

Fire protection systems

Six automatic sprinkler systems were the
primary provision for fire protection in
all three sections of the building. Both
the cooler and the new addition were
partially protected by a wet sprinkler
system, with a dry sprinkler system pro-
tecting the remainder of each section.

A wet and a dry sprinkler systemn orig-
inally protected the salad plant. However,
when the dry sprinkler system was con-
verted to a wet system, the result was
two wet systems to protect this area.
Sprinklers also were installed in the large
cockloft above the salad plant.

All sprinkler systems were hydrauli-
cally calculated. As a basis for the sprin-

Welders working on these elbows accidentally ignited combustible materials

inside the wall ot this location.
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kler system design, it was expected that
the commodity in the cooler would be
palletized and would not exceed 12 feet
in height, and that the entire building
would be classified an Ordinary Hazard
Group II, according to the criteria of
NFPA 13, Installation of Sprinkler Sys-
tems. ‘

The design for the cooler's two sprin-
kler systems called for 0.19 gpm over
1,950 square feet; the sprinkler system
design in the salad plant called for 0.19
gpm over 1400 square feet. The two
sprinkler systems in the addition were
not operational because this section was
still under construction. All the sprinkler
systems were supervised by a central
station facility that was staffed around
the ciock.

A 16- and a 12-inch water main sup-
plied city water-to the land on which the
Dole plant was constructed. A loop maim,
consisting of 10- and 8-inch pipe, pro-
vided city water to the facility and all of
its sprinkler systeins. Under normal op-
erating conditions, gravity tanks through-
out the city provided pressure in the city
water distribution system. However, sys-
tern pressure could be increased by high
head pumps in the water distribution
system. In 1989, the gravity-fed main was
tested, and the water flow under gravity
pressure exceeded the simultancous wa-
ter demands of all of the building’s sprin-
Klers. '

Activities of the occupants

On the morning of the fire, the Dole Fresh
Vegetables plant was being prepared to
begin operations for the season. About 90
Dole employees were working the nor-
mal plant shift, which began at 5:00 am.
Most were performing various duties in
the salad plant; a few were working in the
cooler, where some 2,200 tons of boxed

lettuce were stored on pallets. There was
no product in the salad plant. Also
present in building were processing
equipment installers and other contrac-
tors, such as the welders, who were
assisting in the installation of processing
equipment. '

Some 110 other construction workers
on the site were finishing final construc-
tion details and performing other tasks to
prepare the addition for service. The con-
struction workers began their work at
7:00 a.m.

Fire discovery and

occupant response

As one of its first tasks, a welding crew
was going to attach elbows to two hy-
draulic-fluid pipes that passed through an
insulated wall between the existing salad
processing plant and the addition.* Dur-
ing this operation, the welders reportedly
noticed a glow inside the holes through
which the pipes ran.

The actions of the two welders follow-
ing their discovery could not be verified.
In their statements to investigators, they
indicated that one of them remained near
the wall while the other went to get a fire
extinguisher. However, other construc-
tion workers said no one was in the area
of fire origin when they first observed
the glow inside the wall. In response to
the fire, these construction workers got a
fire extinguisher and discharged it into
the hole through which the pipes ran, but
they could not extinguish the fire.

Two carpenters in the cockloft above
the salad plant were working on an ac-
cess door to the cockloft area above the
new addition. One of them noticed
smoke in their work area. The men knew
that their way out of the area was
through the office in the salad plant, and
they immediately tried to leave.

Dense smoke that billows from doors at the front of the Dole plant impeded fire
fighters” enfrance and suppression activities.
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One of the carpenters reported that the
smoke became much thicker as he jeft
the area and that he could see flames
near the floor as he approached the door
to the office area. When the two reached
the outside of the building through an
exit in the office area, fire fighters from
the Marine Corps Air Station (MCAS),
which was about 1 mile from the plant,
had arrived and were initiating opera-
tions.

Fire depariment response

At about 8:09 am., an assistant chief at
the MCAS noticed a column of black
smoke and left the station to investigate.
At about the same time, the Yuma Fire
Department dispatch center received a
911 call reporting the fire.

While the MCAS assistant chief was
enroute to find the source of the smoke,
he heard on his radio scanner the Yuma
Fire Department dispatch 3 engines, 1
rescue vehicle, 1 truck, and a battalion
chief to the plant. Aware that his person-
nel could reach the facility sooner, the
MCAS assistant chief had an engine, a
telesqurt, and a rescue crew respond to
the scene. He notified the Yuma Fire
Department of his actions by radio.

The MCAS fire crews arrived at 8:13
am. and found dense smoke and fire
showing above the east side of the build-
ing toward the middle of the structure.
The assistant chief established a com-
mand post near the northeast corner of
the building. He instructed the engine
crew to pump in to the fire department
connection for the sprinkler system,® the
rescue crew to provide care to injured
civilians, and the telesqurt crew to make
an initial interior fire attack.

The MCAS telesqurt crew entered the
building through the doors on the north
side toward the east end of the build-
ing. After passing through the loading
dock area, the fire fighters in the opera-
tions area of the salad plant encountered
thick smoke, which obscured their vi-
sion. As a result, they were unable to find
their way through the maze of conveyors
and processing equipment. The crew
abandoned its attempt to enter that area
and went to the east side of the building.
They tried to enter the building through
several doors there, but encountered
thick smoke and other conditions that
prevented them from entering the pro-
cess areas. ‘

An injured civilian, who was brought to
the command post by his coworkers, told
fire fighters that another worker might be
missing. The MCAS assistant chief or-
dered fire fighters from the engine com-
pany to begin searching the area of the

building where the missing person had

been last seen. When the crew attempted
to enter the addition through doors at the
northeast comer of that area, they en-
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countered dense black smoke down to
the floor. The engine crew also was un-
able to enter the processing areas be-
cause of poor visibility and the complex
arrangement of the floor-mounted equip-
ment.

When the first Yuma Fire Department
units arrived at about 8:18 a.m., the Yuma
battalion chief assumed the role of inci-
dent commander, and the MCAS assis-

‘tant chief assumed command of opera-

tions on the east side of the building.
Other sectors, such as the south side and
the interior, were established as fire
ground operations expanded and became
more complex. Yuma fire officers were
assigned to command the various sec-
tors, ) '

The missing worker was found outside
the building at about 8:24 am. Because
he was injured, the man was brought to

the fire department command post. ~

Emergency medical service personnel
then took him to a medical triage area.
A large explosion occurred in the salad
plant; a couple of smaller explosions
followed. These apparently occurred in
the addition. Investigators do not know
the causes or the effects of the explo-
sions. However, soon after the explo-
sions, small sections of the roof col-
lapsed, allowing the fire to vent freely.
Fire fighters from an MCAS engine
company, who were maintaining a posi-
tion just inside an open overhead door
at the northeast corner of the addition,
saw a sudden increase in the fire.
Flames filled the ceiling in the salad
plant, some passing over their heads as

“the fire vented through the overhead

door to the outside. Using 134-inch hose
lines, the fire fighters were able suppress
the flames in their immediate area.
At about 8:40 am., the incident com-
mander ensured that crews were out
of the building and initiated defensive

operations. .
During the next hour, the Yuma Fire
Department struck two additional

alarms, recalling alt off-duty fire fighters.
The MCAS department also recalled all
off-duty fire fighters. As a result, 126 fire
flghters responded with some 20 fire ap-
paratus, including structural, crash/fire/
rescue, and other emergency vehicles.

Several fire flghting teams were as-
signed to protect specific hazards, such
as the refrigeration system’s 1,000-gallon
ammonia storage tank, Others were as-
signed to protect uninvolved areas of the
building. Despite their efforts, the fire
continued to .grow and spread, and at
ahout 9:25 a.m., the incident commander
called for a precautionary evacuation of
populated areas within 1 mile downwind
of the facility, Fire fighters, police, and
other emergency personnel carried out
the evacuation.

In an effort to protect the cooler from
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the approaching fire, several master
streams were positioned in the cooler;
others were placed in the mechanical
area. At about 11:40 a.m. fire fighters
began making the first of two trench cuts
at the east end of the cooler roof. The
combined effect of the master streams
and the venting halted the fire spread.
The fire was considered under control at
about 12:45 p.m. Although final extin-
guishment was not declared, the last fire
company was released from the scene at
6:30 am. on November 13, almost 24
hours after the fire began.

Casualties and damage

Three construction workers were injured
before fire fighters arrived. A laborer
installing pipe insulation on ceiling-level
pipes in the addition received second-
and third-degree burns on his hands. The

two carpenters working in the addition’s
cockloft area were treated for smoke
inhalation. :

In the addition, all structural members
collapsed onto the construction and pro-
cessing equipment. Structural damage in
the salad plant was not as extensive as in
the addition, although some sections of
the salad plant’s roof collapsed and most
of its structural members were badly
damaged. In addition, it appeared that all
of the processing equipment in the area
was destroyed. The cooler sustained the
least damage. The wall between the cool-
er's storage area and the mechanical
room was badly damaged. There was
extensive damage to the eastern portion
of the roof assembly as far as the trench
cuts, but the remainder of the caooler
sustained little or no fire damage.

The estimated loss of $16 million in-
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cludes damage to the structure and
equipment, etc.

Fire cause and origin

Local investigators believe it is most
likely that the welders accidentally
caused the fire when they tried to fasten
fittings on two hydraulic-fluid pipes pass-
ing through the insulated wall between
the salad plant and the addition (see
Figure 3).

Officials believe that hot naterials may
have entered the wall during welding
operations by means of the large holes
through which the pipes passed. The
materials then may have ignited the insu-
lation or combustible debris in the wall.

Fire growth and spread
The fire initially grew within the walls,
fueled primarily by the polyurethane

foam insulation and wood. The wall as-
sembly’s design placed the insulation and
wood framing materials in close proxim-
ity. Because of the small distance be-
tween the combustible materials, it is
likely that radiative feedback between
the two surfaces enhanced fire growth in
the concealed spaces. Growing within
the walls, the fire was able to spread
horizontally without restriction because
there were no vertical fire barriers in the
walls to prevent such spread.

The carpenter’s report of visible fire in
the cockloft above the addition and the
MCAS fire fighters' reports of visible
flames above the building when they ar-
rived indicate that the fire probably was
spreading vertically during its early
stages. However, it appears that initial
vertical fire spread in the walls would
have been affected temporarily by the

Aerial view of the Dole plant. Exposure 1o severe fire conditions caused portions

Aerlal view after the fire was extinguished. The roof above the addition and most
of the roof above the salad plant collapsed.

38

of the roof to collapse, allowing fire und smoke to vent freely.

horizontal fire barriers installed at all of
this wall’s girt levels. The length of time
that these barriers would have stopped
the vertical fire spread could not be esti-
mated.

Investigators believe that early vertical
fire spread may have been the result of
fire escaping out of the wall and involving
the wall assembly’s exterior surfaces, Be-
cause the wali assemblies had many
small openings and penetrations—in-
cluding the three 5-by-5-foot openings for
conveyors—investigators theorize that
the fire below the first girt level may have
escaped initially from the interior of the
wall through numerous small, unpro-
tected openings. In addition, the fire
could have spread into occupiable areas
of the building through the conveyor
openings after the fire in the wall dam-
aged the combustible materials enclosing
the openings.

Fire spreading from the interior of the
walls would have ignited the combustible
fiberglass finish on the walls of the salad
plant and the addition. Operational sprin-
klers initially may have controlled fire
entering the salad plant. However, fire
entering the addition would have contin-
ued to grow because sprinklers in that
area were not operational. Fire in the
addition would have impinged quickly on
a large, wood-frame soffit that was close
to the conveyor openings, and the soffit's
ignition would have increased vertical
fire spread and growth.

After the fire, physical evidence con-
firmed that the fire grew and spread
inside the wall assemblies and in the
building’s occupiable areas. Throughout
the facility, wall assemblies that were
badly damaged-—~but not completely de-
stroyed—were burned extensively on
both their interior and exterior surfaces.
Moreover, the fire damage inside some
wall .sections was more severe than the
damage on surfaces that faced occupi-
able areas. This confirmed that a signifi-
cant amount of fire burned and spread
inside the walls, although the fire burned
flercely in the occupiable areas of the
building.

The fire damage to the wall between
the cooler and the mecharnical room dif-
fered from the fire damage in other areas
of the building. In wall sections where
gypsum wallboard was in contact with
the insulation, fire damage was minimal:
some insulation was only superficially
discolored. This damage was significantly
less severe compared to the damage in
adjacent areas where there were void
spaces in the wall and the fire almost
completely consumed the foam insula-

tion. There was no discernable fire dam-
age in wall sections where plywood was
in direct contact with insulation. Since
the reduction in fire damage occurred
only in areas where gypsum wallboard or
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plywood was in contact with insulation,
it appears that when materials cover and
are in. contact with the surface of the
insulation, the materials’ potential to con-
tribute to a fire can be reduced.

Code analysis

To compare conditions and other details
of this incident with current national
consensus codes, the NFPA used the
1991 edition of NFPA 101, the Life Safety
Code®, and the 1991 edition of the Uni-
form Fire Code as the basis of the com-
parison. However, it is recognized that
these codes were not part of the legal
requirements governing life safety at the
Dole plant. The following discussion con-
cerns requirements that have particular
relevance to this fire; it is not intended to
be a complete description of all parts of
the codes that could be applied to this
facility.

National estimates of fires in the
United States between 1986 and 1990
indicate that an average of 58 storage
facility fires occurred when cutting and
welding equipment ignited insulation ma-
terials.® The total loss from these inci-
dents is estimated at $923,000. National
estimates also indicate that 3 of these 58
fires involved the ignition of polyure-
thane insulation and resulted in losses of
about $157,000, or about 17 percent of
the total dollar loss.

Recognizing the potential for acciden-
tal fires during cutting and welding oper-
ations, the NFPA promulgates two docu-
ments that establish procedures to
reduce the potential hazards associated
with these operations. The 1992 edition
of NFPA 1, the Fire Prevention Code,is a
general document that prescribes mini-
mum requirements necessary to attain a
reasonable level of fire safety and prop-
erty protection from hazards created by
fire and explosion.”

Several of the requirements of NFPA 1

focus directly on reducing the risks asso-
ciated with welding and cutting opera-
tions. For the most part, these require-
ments have been based on the
requirements contained in the 1989 edi-
tion of NFPA 51B, Fire Prevention in
Use of Cutting and Welding Processes.
NFPA 51B provides operational guidance
for cutters and welders, fire watchers,
supervisors, and property managers re-
sponsible for properties where cutting
and welding operations are to be per-
formed. Moreover, NFPA 51B contains
specific and detailed requirements for the
fire-safe use of eleetric arc and oxy-fuel
welding and cutting equipment.

Two factors that influenced the effec-
tiveness of the sprinkler systems were
observed and documented. The extent of
sprinkler coverage was the most impor-
tant factor that had an impact on sprin-
kler effectiveness. Section 4-44.1 of the
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Aerial stream applies water to smoking reof of the Dole plant in suppression

acdivities that lasted almosi 24 hours.

1991 edition of NFPA 18, Installation of
Sprinkler Systems, requires the installa-
tion of sprinklers in concealed combusti-
ble spaces that are enclosed wholly or
partly by exposed combustible construc-
tion. NFPA 13 would consider the con-
cealed space between the building's inte-
rior wood-frame and exterior metal walls
such a space® As a result, the wall cavi-
ties would have been required to be
sprinklered; however, sprinklers were
not installed in these areas. The absence
of sprinklers in the wall cavities allowed
the fire to be shielded frorn the sprinklers
protecting the occupiable areas of the
building. The fire was able to spread
freely in the wall cavities enveloping the
addition and the salad plant.

The second factor that had an impact
on the effectiveness of the various sprin-
kler systems was the operational condi-
tion of the sprinkler systems in the addi-
tion. Although sprinklers had been
installed in the addition at the time of the
fire, the sprinkler systems had not been
connected to a water supply because the
construction of these systems was still in
progress. As a resulf, the uncontrolled
fire spread through this part of the build-
ing as though it were nonsprinklered, and
spread into the salad plant, reducing the
effectiveness of the operational sprin-
klers there.

Significant factors

Based on the NFPA's investigation and
analysis, the following significant factors
contributed to the property loss:

e The presence of concealed combusti-
ble spaces in which the fire could readily
spread;

® The ignition of combustible materials
in a concealed space;

e The lack of sprinkler protection in the
concealed combustible spaces; and

JOHN JURGE/TUMA DAILY SUN

¢ Sprinkler systems that were not oper-
ational because of ongoing construction
in the facility. »

Michael S. Isner is a fire protection
engineer in the NFPA fire investigations
department.

1. Information regarding the wall of fire origin was
provided from drawings prepared after the incident.
The damage to the wall in which the fire originated
was 50 extensive that exact details regarding the
wall's design could not be established.

9. Girts are the horizontal structural merbers to
which the building’s exterior metal siding was fas-
tened. The girts, which ran horizontally, were
mounted to the exterior of rigid frames supporting
the structure. The first level of girts was inetalled 7
feet above the foundation; the other girts were in-
stalled at 5-foot vertical intervals.

3, The wall through which the pipe ran was an
exterior wall for the salad plant before the addition
was built. As a result, this was an insulated wall
similar to exterior walls in its construction.

4. There was no information available regarding
the welding safety training that equipment installers
may have had. Similarly, there was no information
regarding the safety precautions that the equipinent
installers may have been using during their opera-
tions,

5. Though assigned to connect to the fire depart-
ment connection for the sprinkler system, this as-
signment was not corapleted because the MCAS fire
fighters could not find the connection.

6. The estimates are based on data from the
NFPA’s annual stratified random sample survey and
the U.S. Fire Administration’s (USFA's) National Fire
Incident Reporting Systemn. They are combined using
statistical methods developed by analysts at the
NFPA, the USFA, and the US. Consumer Product
Safety Commission.

7. Codes such as the 1992 edition of NFPA 1, the
Fire Prevention Code, and the 1888 edition of
the Uniform Fire Code will be used in this report
as the basis for comparison of existing conditions in
the facility with selected requirements of these
codes. It is recognized, however, that the codes were
not in effect during the construction or use of this
facility.

8. The cockloft area above the salad plant and the
new addition also would be considered combustible
concealed spaces. However, these areas were pro-
tected by automatic sprinklers.
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An inadegquately
designed
sprinkler sysitem
appears to have
played a critical
role in the fire
which, fueled by
a large amount of
combustible
materials, burned
Sfor days.

SUMMARY INVESTIGATIVE REPORT

Mllllon Fire
Destroys
Warehouses

hen a fire of undetermined ori-
gin destroyed two cold-storage
warehouses in Madison, Wiscon-
sin, on May 3, 1991, the estimated loss
was placed at more than $100 million.
The warehouses were part of a five-
building cormplex where food—including
13 million pounds of butter and 15%
million pounds of cheese—was stored.
All of the buildings were large metal
structures, and several were equipped
with automatic sprinkler systemns.
As part of an ongoing program to in-

vestigate technically significant fires, the

NFPA documented this incident to estab-
lish facts, to analyze factors contributing
to the property loss, and to report on
lessons learned, The NFPA investigation
of this incident was made possible
through the cooperation of the Madison
Fire Department.

The warchouses

The warehouse complex consisted of five
cold-storage buildings in close proximity
to one another (see Figure 1), All of the
buildings were of light, noncombustlble,

Type-2 (000) construction.' The exterior '

walls of the buildings’ freezer areas were
nonload-bearing, with foam insulation

between metal sheathing. A layer of foam
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insulation over the roof’s metal deck was
covered with tar and gravel. A single
ammonia refrigeration system serviced
the facility’s coolers and freezers.

The building of fire origin measured
about 170 feet wide by 365 feet long by 55
feet high. It was divided into two areas:
the freezer/cooler and the dock/mezza-
nine (see Figure 1). The freezer/cooler
area, which was called Freezer 8, was 260
feet long and the full height and width of
the building. Metal-clad, foam-insulated
interior walls divided Freezer 8 into three
separate storage areas. The temperature
in the largest storage area was a constant
—10°F. In the second storage area, the
temperature ranged from —10°F to
+34°F, and in the third and smallest
storage area il was a constant +34°F.

The dock/mezzanine area was two sto-
ries high. The dock, which was on the
first story, was a large, enclosed space
used for the temporary storage of mate-
rials being loaded onto or unloaded from
trucks. The second-story mezzanine also
was an open area; it was used for the
storage of packaging materials and food
products that did not require refrigera-
tion during storage.

The commodities stored in Freezer 8,
which were packaged and loaded on pal-
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The foam insulation contained in Freexer 8’s walls, partitions,
heavy black smoke as it hurned. This
photograph was tuken from the northeast comer of Freexer 8.

ond roof generated

lets, included butter, meat, poultry, gift
packs (butter, meat, and cheese prod-
ucts), cranberries, corn, other vegetables,
Juice concentrate, and packaging materi-
als. The majority of the pallet loads were
banded with stretch wrapping around the
~ sides. The rest of the loads had no wrap-
ping at all.®
Commodities in Freezer 8 were stored
on metal racks that were two pallets
deep. The racks, which were the full
height of the storage area (55 feet) and
connected to the roof assembly, sup-
ported both the roof assembly and the

stored commodities.

Freezers 3 and 4 were in an adjacent
building, and an enclosed passageway
provided accesg to Freezer 8 (see Figure
1). Freezers 3 and 4 also used storage
racks, but commodities there were
stored on pallets both in bulk containers
and in smaller boxes. For example, cran-
berries were stored in 4-foot-square
wood crates, while 1-pound bricks of
butter were on pallets in cardboard
boxes banded with stretch wrap.

Some of the buildings in the complex
were equipped with both dry- and wet-

Five days after the fire had started, deep-seated fires still
burned in the rubble. They were extinguished as heavy
equipment vncovered them.

pipe sprinkler systems. Freezer 8 was
equipped with a dry-pipe system, and
ceiling-level sprinklers provided 0.15
gpmvsq. ft. A wet-pipe system protected
the dock/inezzanine area. The building in
which Freezer 7 was located had both
dry- and wet-pipe systems, similar to the
building of fire origin. All sprinkler sys-
tems were connected to a central station
monitoring service, The building housing
Freezers 3, 4, and 5 was not sprinklered.

Fire suppression operations

The crew of Engine 5 had been testing a
4-inch supply line in the fire station’s rear
parking lot and were reloading it when a
fire fighter noticed flames above the roof
of the Central Storage and Warehouse
building, situated about one block from

Vthe station.

A fire fighter was trying to contact the
Madison Fire Department’s dispatch cen-
ter when the alarm was transmitted at 3:33
pan. A division chief, two engine compa-
nies {including Engine 5), one truck, one
squad, and one rescue company were dis-
patched for the initial response. Engine 5's
officer made an initial size-up while still on
the fire station apron, and he immediately
requested a second alarm. Two engines,
one truck, and a rescue vehicle were dis-
patched at 3:35 p.m.

When the crew members of Engine 5
arrived at the incident scene at 3:35 p.am.,
they drove to the south side of the build-
ing of origin. As the driver went to con-
nect to a hydrant, the officer entered the
dock/mezzanine area, and an employee
directed him to the fire area inside
Freezer 8.

As he entered the freezer, the officer £
found an apparent pile of rubble engulfed
in yellow flames and the freezer's sprin-g
klers operating. The officer directed the &
crew to stretch a 2%-inch attack line into 2
Freezer 8, but he would not allow fire &
fighters to enter the freezer because he £
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Most of the 13 million pounds of butter—stored in cardboard
" boxes with sireich wrap—mehed, fueling the fire and

hampering suppression efforis.

could hear the sound of warping and
twisting metal. .

From the freezer’s doorway, the officer
noted the door's plastic drapes being
drawn into the freezer and realized that
the fire was drawing large quantities of
air into the room. Because exterior

flames had been observed during the

initial response, the officer thought the
fire had vented through the roof. How-
ever, he was unable to see the ceiling to
confirm this because of heavy black
_smoke.

Engine 5's crew was able to control the
rubble fire with the assistance of person-
nel from Engine 3, who also had a 2Yp-
inch attack line, The officer on Engine 5
believed the attack was beginning to sup-
press the interior fire at this time.

The division chief, who had been dis-
patched on the first alarm, arrived at 3:42
pm. and assumed the role of incident
commander. He established a command
post at the northeast corner of the fire
building and directed the first-alarm fire
companies to the dock/mezzanine area to
support operations begun by personnel
from Engine b.

The incident commander, like the of-
ficer on Engine 5, was concerned about
structural stability in the fire area. For
that reason, he had fire crews attack the
fire from the doors between the dock and
Freezer 8, without entering the fire area.

When crew Imembers from Engine &
exhausted their air supply, personmel
from Engine 8 relieved them. Once out-
side the building, the officer from Engine
% realized the fire was still intense in the

top part of the building. The exterior roof -

fire, which appeared to be 10 to 15 feet in
diameter when the officer first entered
the building, had spread horizontally and

now involved a large section of the roof..

As soon as he and the crew replaced their
air cylinders, they returned to the door of
Freezer 8.

SUMMARY INVESTIGATIVE REPORT

roof assembly.

From his position there, the officer still
was unable to see a fire at ceiling level
because of the heavy black smoke. Nor
did he see any floor-level flames extend-
ing to the ceiling, despite his knowledge
that the fire on the roof was spreading.

When the officer left the building again
to confirm exterior conditions, he saw
Truck 1 setting up a ladder-pipe opera-
tion on the building's southeast corner.
As he was walking near the truck at
about 4:22 p.an., the east wall of Freezer 8
collapsed and the roof dropped down.

Arriving second-alarm corpanies were
assigned to the exposed buildings, and

» o & B

Fire crews attacked the
fire from the doors
between the dock and
Freezer 8 because of
concerns about structural
stability in the fire area.

sector commander assignments were
made. When a third alarm was initiated,
crews were assigned to the exterior at-
tack against the growing fire in the col-
lapsed Freezer 8. A fourth and last alarm
for additional personnel was struck at
b:11 p.m.

At approximately 452 p.m. the con-
tents of Freezer 4 ignited, and despite fire
fighters’ efforts, the fire began spreading
through the freezer. By 8:40 pan., it had
extended into Freezer 3, and by 9:00 pm,,
both freezers were completely involved.
Fire fighters were able to confine the fire
to Freezers 3, 4, and 8.

The fire continued to burn intensely
until about 6:00 p.m. on Saturday, May 4,
As it gradually subsided, personnel extin-
guished surface fires they were able to
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The light metal frames of the fire bullding’s storage racis

supported both the stored commedities and the warchouse

reach with hoses and ladder pipes posi-
tioned around the building’s perimeter.
On May 8, five days after the fire had
started, deepseated interior fires still
burned. They were extinguished as heavy
equipinent, used to remove debris, uncov-
ered them. On Saturday, May 11, the fire
department declared the fire extinguished.

Damage

Damage in Freezer 8, the area of origin,
was extensive. The roof over the freezer
collapsed, and the exterior metal sheath-
ing fell away from the east wall. Large
sections of metal sheathing also fell away
from the north and west walls. All of the
metal racks in Freezer 8 collapsed, and

‘the fire destroyed or consumed the com-

modities in the freezer.

" "There was no fire damage in the dock/
mezzanine area adjacent to Freezer 8.
However, both the doek and mezzanine
lévels sustained smoke damage, and wa-
ter, melted butter, and other debris from
Freezer 8 flooded the dock area.

The roof over Freezers 3 and 4 col-
lapsed, and fire heavily damaged or con-
sumed the commodities stored in those
freezers. . ”

Analysis
The cause and origin of the fire remained
under investigation at the time this report

" was prepared. Preliminary findings of lo-

cal investigators indicate that the fire
probably started in Freezer 8's cooler
area (see Figure 2).

Tt appears that the fire grew and spread
rapidly. However, fire department inves-
tigators have been unable o establish
specific details, such as how long the fire
burned before the sprinkler systemn acti-
vated. Though details regarding the inte-
rior fire were unavailable, it appears that
flames were visible above the roof at the
time the central station monitoring ser-
vice notified the fire department's dis-
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In addition 1o butter, the warehouse confained large
quantities of meut, corn, cranherries {shown here), and

other commedities.

patch center of the waterflow alarm at
3:33 p.m.®

The officer on Engine 5 indicated that
an apparent pile of rubble was enpulfed
in yellow flames when he entered Freezer
8 and that the fire did not appear to be
extending to the ceiling. Fire department
investigators determined that the burning
rubble probably included a large electri-
cal forklift. Other investigators are study-
ing the forklift to determine whether it
was involved in the fire's ignition.

Fire department investigators have not
established the specific relationship be-
tween the initial flames above the roof
and the burning rubble on the floor of
Freezer 8.

The officer ont Engine 5 also observed

Investigators suspect that this forkdift hruck was near the
point of fire origin, and they are studying it o determine

whether it was involved in the fire’s ignition.

that the sprinkler system in Freezer 8
was operating when he first entered the
freezer. Local fire officials found no evi-
dence and regeived no reports suggesting
that the systemn had operational or main-
tenance problems.

The sprinkler system’s design appears
the most likely reason for its failure to
control the fire. A critical deficit was the
system’s lack of longitudinal and “face”
sprinklers. Within racks, there are sizable
areas that cannot be protected ade-
quately by sprinklers alone. In-rack sprin-
klers were conceived to provide a degree
of wetting of those shielded areas to
interrupt the otherwise free horizontal
and vertical spread of fire.* The taller a
rack is, the more essential in-rack sprin-

klers become. Similarly, the need for face
sprinklers increases as rack height in-
creases. The discharge of ceiling sprin-
klers can effectively wet only the upper
15 feet or so of exposed storage at the
aisles. Thus, for rack storage more than
25 feet tall, the lower faces of the rag:ks
must be protected by face sprinklers.
Paragraph 7-10.2 of NFPA 231C, Rack
Storage of Materials, requires the instal-
lation of inrack sprinklers in double-row
racks that are taller than 25 feet. Because
the sprinklers in Freezer 8 were rated at

. 286°F, Table 7-10.1 of NFPA 231C re-

quires ceiling sprinkler densities of at
least 0.40 gpm/sq. ft. and possibly as high
as 045 gpm/sq. ft., depending on the
intack sprinkler arrangement.® There-
fore, an installed sprinkler system with
only ceiling-level sprinklers providing a
sprinkler density of 0.15 gpm/sq. ft. would
not meet basic ceiling protection require-
ments specified by NFPA 231C. The inad-
equately designed sprinkler system in
this cold-storage warehouse could not be
expected to control the fire,

Once the fire overwhelmed the sprin-
kler system, the wood pallets, packaging
materials, and commodities created a siz-
able fuel load, as did the foam insulation
in the roof assembly, exterior walls, and
interior walls. These large quantities of
combustible materials supported the fire
for days.

The building's structural design af-
fected fire suppression tactics and strat-
egies. The vertical structural inembers in
the storage racks provided support for
the roof above Freezer 8. Apparently, the
fire—in combination with the loads from
the roof assembly and stored commodi-
ties—began affecting the structure's in-
tegrity early in the incident. Because both
the incident commander and Engine 5's
officer felt there was a serious threat of
collapse during the fire’s early stages,
they did not allow crews to enter Freezer
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8. By opting to keep fire fighters out of
the freezer, the officers reduced the abil-
ity of suppression crews to reach the seat

of the fire and attack it. However, the two .

chose to reduce the risk to their crews
posed by the possibility of a structural
collapse. That possibility became a real-

_ ity when a collapse occwred at about

4:22 pan., 456 minutes after the first fire
fighters arrived at the scene.

The sizes and locations of the buildings
also affected fire suppression tactics, es-
pecially the use of aerial equipment. Fire
fighters were unable to place ladder
trucks and other aerial equipment on the
building's west side because of the prox-
imity of the building housing Freezers 3,
4, and 5. Similarly, aerial equipment could
not be positioned on the building’s east
side because the wall had collapsed, cov-
ering the service road adjacent to the
building. Aerial equipment on the build-
ing’s sonth and north sides had to be
parked away from the perimeter of
Freezer 8 because of the two-story dock/
mezzanine area and a large dramage
ditch, respectively.

Several factors apparently contributed

to the fire spread from Freezer 8 to
Freezers 3 and 4, which were separated
by about 25 feet. A primary factor was
the collapse of Freezer 8's exterior walls,
which affected the fire spread to Freezer
4. In addition, the nonfire-rated doors
between the freezers allowed fire to
spread from Freezer 8 through the cov-
ered passageway connecting it to Freezer
4. Prevailing winds during operations
blew the fire plume from the building of
origin intoe and over the building that
housed Freezers 3 and 4, and fire fighters
were unable to position aerial equipmnent
to protect these areas.
_ However, masonry walls and the ac-
tions of fire fighters stopped the fire
spread in several locations. A concrete-
block wall that separated Freezer 8 from
the dock/mezzanine area helped fire
fighters stop the fire in Freezer 8§ from
spreading into the dock/mezzanine area.
In addition, fire fighters placed several
hose lines in the corridor between
Freezer 3 and the ammonia compressor
area, and they were the primary factor in
stopping the fire spread from Freezer 3.
Finally, 2 concrete-block wall separating
Freezers 4 and b was the primary factor
stopping the fire spread from Freezer 4 to
Freezer 5.

In conclusion, the fire, fueled by pack-
aging materials, combustible pallets, and
combustible commodities, overwhelmed
the building's inadequately designed
sprinkler system. Because the sprinkler
system failed to control it, the fire grew
and weakened the building's light, non-
combustible high-rack/roof support sys-
tem. The system collapsed within 1 hour
of the fire department receiving notifica-

.

NFPA Jovurnal November/December

SUMMARY INVESTIGATIVE REPORT

tion of the blaze. The building's size
prevented fire fighters from reaching in-
terior areas with hoses, master streams,
and ladder pipes, allowing the fire to bum
freely in these areas for days. »

1. A Type-2 (D00) structure will have a O-hour fire
rating for the exterior bearing walls (first digit); 2
0-hour fire rating for structural frame or columns and
girders supporting loads for more than one floor
(second digit); and a C-hour fire rating for the floor
assembly (third digit). NFPA 220, Standard Types of
Building Construction, 1985 edition.

2. A pallet load is not considered encapsulated when
stretch wrapping covers only the sides of the load.

NFPA 231C, Rack Storags of Materials, 1991 edition.

3. A 3:31 p.m. telephone call from an erployee in
the warehouse was the first notification received by
the Madison Fire Department dispatch center regard-

4. Chapter 1], "General Indoor Storage Practices,”
Fire Protection, Handbook, 16th edition, Quincy,
Mass.: NFPA, 1986,

5. Jbid.

6. NFPA 231G, Rack Storage of Materials, 1981
edition.

Michael S. Ismer is o fire protection
engineer in the NFPA's Engineering Di-
DISEON.
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INVESTIGATION REPORT

Cold Storage
Kills Fire Fighter

¥

THOMAS J. KLEM

On September 17, 1984, two mem-
bers of the Shreveport, Louisiana,
Fire Department’s Hazardous Mate-
rial Unit were caught in an explosion
at the Dixie Cold Storage Company
as they attempted to isolate an
anhydrous ammonia leak in the com-

Thomas J. Klem is the Director of NFPA’s

. Fire Investigations and Applied Research Di-

vision.

This investigation was conducted by the
NFPA under an agreement with the Federal
Emergency Management Agency/United
States Fire Administration (FEMA/USFA)
and the National Bureau of Standards/Center
for Fire Research (NBS/CFR). It was jointly
funded by these agencies and the NFPA.

pany’s cold storage warehouse,
Warehouse employees had already
tried to repair the leak themselves,
but had been unsuccessful due to the
effects of the ammonia.

The force of the blast raised the
roof/ceiling assembly ih the im-
mediate area of the leak about a foot
and severely damaged the building’s
interior wall assemblies. The initial
explosion also caused a severe fire in
areas adjacent to the room in which
the explosion occurred.

The substance of this investigation report
is dedicated to the public. It may be freely
reprinted with the customary crediting of the
source. The author and publisher are solely
responsible for the accuracy of statements or
interpretations contained herein.
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The two fire ﬁghters trapped in the
room where the explosion occurred
were badly burned when their pro-

tective clothing ignited. One died

within 36 hours of the accident; the
other was admitted to a hospital in
critical condition.

Based on his research, NFPAs fire
investigator considers the major fac-
tors contributing to the loss of lile in
this fire to be the warehouse workers’
failure to take proper precautions to
reduce the possibility of a hazardous
accumulation of anhydrous am-
monia, the fire fighters’ lack of aware-
ness that a hazardous accumulation
of gas had collected in the room, and
the ignition of the hazardous ac-
cumulation of gas during the
emergency repair operation.

Thie Building

The Dixie Cold Storage Company
is located in an industrial area of
Caddo Parish, Louisiana, just out-
side the Shreveport city limits. The
company s building contains an office
and a refrigeration warehouse in
which frozen meat products are proc-
essed and stored before they are
shipped to distribution centers. The
original one-story structure, built in
1972, covered approximately 40,000
square feet. An addition of about
30,000 square feet had recently been
constructed.

The older portion of the building,
in which the explosion and fire oc-
curred, most closely resembled un-
protected noncombustible construc-
tion, or Type II (000} construction as
defined in NFPA 220-1979, Stand-
ard Types of Building Construction.
The 52-by-52-foot room of origin was
typical of the building’s several stor-
age areas. Its main support members
consisted of exposed structural steel
beams and columns, while the rooff
ceiling assembly was made of built-
up roof on metal deck supported by
steel bar joist. Because of the nature
of the occupancy, three inches of
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foam plastic material were provided
as a thermal barrier in the rooffceil-
ing assembly.

Three sides of the room were en-
closed in prefabricated, self-support-
ing wall panels 20 feet high and 4
feet wide. The panels consisted of six
inches of foam plastic material
sandwiched between two thin layers
of aluminum, and formed the interior
surface of the room’s walls. They
were placed on concrete curbing six
inches high that ran around the en-
tire perimeter of the room. The re-
maining wall was of similar construc-
tion, but ¥ inch of cement had been
applied to the surface of the wall fac-
ing into the room.

One entéred the room through a
pair of pneumatically operated, slid-
ing metal doors. Strips-of plastic ma-
terial had been hung in front of these
doors inside the room to keep the
conditioned air from escaping. The
temperature within all the storage
rooms was normally kept at approxi-
mately —12°F.

Workers were trying to replace a leaking valve
to this evaporator unit when the concentration
of ammonia drove them from the room. Below
the unit is the carbon dioxide tank workers
used fo try to reduce the amount of the gas
in the area before they were forced out.
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The building’s conditioned air was
supplied by a mechanical refrigera-
tion system through a ceiling-
mounted evaporator unit located in
the room in which the explosion and
fire occurred. Insulated piping was
used to provide the evaporator unit
with its refrigerant, anhydrous am-
monia. A compressor, located in a
remote portion of the bnilding, was
also part of the system.

The older portion of the building
had no automatic sprinkler system.
An automatic dry-pipe sprinkler sys-
tem had been installed in the addi-
tion, but it was not a factor in the
incident. '

The Explosion and Fire

Several days before the fire, ware-
house employees detected the odor
of ammonia. Maintenance personnel
pinpointed the source of the odor as
a leak in the refrigeration system and
determined that a valve at the
evaporator unit in the room of origin
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had to be repaired. They removed
merchandise from the room, and
scheduled the repairs for Monday,
September 17. Reportedly, they also
shut the evaporator unit down, al-
lowing temperatures in the room to
rise to an estimated 50°F by the time
of the repair.

Work on the evaporator unit began
at approximately 10:00 am on Mon-
day. The weather that day was re-
ported to be hot and humid, with a
temperature of 85°F. Winds were
from the north at 9 miles per hour.

As the workmen replaced the re-
frigeration system valves, they
noticed that the concentration of am-
monia in the room was building to
an extremely uncomfortable level.
They were protected from the gas
only by industrial-type filter masks,
or chemical respirators; there was no
other protective equipment iu the
area.

The exact cause of this increase in
anhydrous ammonia is unknown, but
it could have been the result of a
pressure increase in the system
caused by the rise in the ambient
temperature after the system was
shut down. It could also have re-

NFPA

sulted if that portion of the system
on which the maintenance crew was
working had not been completely
isolated. The crew apparently shut
the system’s isolation valve, but it is
not known if they isclated that por-
tion of the system entirely or if they
drained or purged the liquid down-
stream of this valve. The exact proce-
dures the maintenance workers used
to repair the leak were not available
to the NFPA.

The maintenance crew tried to re-
duce the ammonia in the room by
“absorbing” it with a 50-pound cylin-
der of carbon dioxide. When am-
monia and carbon dioxide come in
contact with each other, they react
to form ammonium carbonate or am-
monium bicarbonate. Evidently, this
technique can be effective in dispers-
ing small quantities of isolated am-
monia gas. However, it is not a
recognized industry practice for han-
dling ammonia leaks. (See Safety Re-
quirements for Storage and Han-
dling of Anhydrous Ammonia, ANSI/
CGA G-2.1-1972, and ANSV

ASHRAE 15-78, Safety Code for
Mechanical Refrigeration.)
As the carbon dioxide came into

Combustibles stored in an area adjacent to the

room of origin ignited soon after the explosion.
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contact with the moist air in the
room, it condensed. The ammonia
also condensed, and the combination
greatly reduced visibility in the area.

As more anhydrous ammonia was
released into the room, conditions
began to deteriorate. The room was
becoming untenable for anyone not
wearing full protective equipment,
and the workers had none.

" The gas forced the crew to stop
work and leave the room. They called
a neighboring fire department to ask
if they could borrow some self-con-
tained breathing apparatus (SCBA).
Sometime after the neighboring fire
department received the employees’
call, the Shreveport Fire Depart-
ment became aware of the incident
and dispatched an engine company
to the scene at 2:40 pm.

First-arriving fire fighters were
told that the leak had been isclated
and that only residual gas remained
in the room. When they had assessed
the problem themselves, they de-
cided to send for the department’s

Hazardous Material Unit. While
waiting for the unit to arrive, some
of the fire fighters began spraying the
area with water fog from fire hoses
to absorb the residual gas hopmg to
‘thus disperse it.

The Hazardous Matenal Umt of
the Shreveport Fire Department is
operated by the department’s Train-
'ing Division. Three of its officers, a
captain, an assistant chief, and the
chief training - officer, were dis-
patched to the scene at 3:12 pm.
While they were studying the prob-
lem, fire fighters placed exhaust fans
at ‘the door of the room to help get
rid of the ammonia. Other fire
fighters flushed the protective equip-
ment that the men trying to disperse
the ammonia wore with a portable
waterspray device in an effort to re-
move the residual gas from the
equipment -and to reduce the gas’s
irritating effects.

The Hazardous Material Unit de-
cided that fire fighters could correct
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the problem by replacing the leaking
valve while wearing chemical encap-
sulated suits and SCBA to protect
themselves from the ammonia’s toxic
and irritating effects. At this time,
fire fighters believed that they were
dealing with stabilized conditions
and that they were taking the actions
necessary to control the situation.
This belief was based in part on their
understanding that the company’s
maintenance workers had isolated
the affected part of the system and
that the gas had not been leaking for
very long. It was also based on their
use of the Department of Transpor-
tation’s Hazardous Material Emer-
gency Response Guidebook and the
Bureau of Explosives’ Emergency
Handling of Hazardous Materials in
Surface Transportation, which clas-
sify anhydrous ammonia as a non-
flammable gas, although they do in-
dicate that the gas can ignite and
burn under some conditions.

The fire fighters decided to use an
electric forklift truck to replace the
valve. One fire fighter would operate
the truck, raising another fire fighter
into position to work on the valve,
which was located near the ceiling
about 17 feet above the floor.

By this time, visibility in the room
was near zero and the floor was very
slippery. As the fire fighters were
positioning the forklift truck with the
help of workers, it slid into one of
the interior walls of the room and the
concrete curb at the base of the wall
assembly. The result was an explo-
sion. It was 4:00 pm.

The fire fighter who had been on

~ the ground directing the vehicle re-
ported that the explosion occurred
immediately after the forklift struck
the wall and that the fire fighter driv-
ing the forklift was engulfed in flames
instantly. The fire fighter on the
ground was knocked down by the
force of the explosion and his encap-
sulated suit ignited. After he had
managed to get most of the burning
suit off, he saw a light shining
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through an opening the explosion
had ripped in a wall and began to
move toward it. He squeezed
through the 12-inch opening, releas-
ing himself from his SCBA equip-
ment when it became lodged in the
wall, and eventually escaped from
the building.

The fire fighter driving the forklift
apparently left the vehicle and tried
te remove his burning encapsulated
suit. He had only partially succeeded
when he collapsed. He was eventu-
ally found and removed from the
building.

Since most of the combustible ma-
terials normally present in the room
had been removed before the repair
work began, there was little fire ex-
tension in the area of origin beyond
burning insulatiou. Thermal insula-
tion dislodged from the roof/ceiling
assembly by the force of the explo-
sion fell burning to the floor, while
other insulation burned at the ceil-
ing. However, combustible materials
in adjoining areas ignited, and a se-
vere [ire ensued. The fire fighters on
the scene summoned additional

The electric forklift truck fire fighters were
using to replace the valve slid into one of the
walls, and an explosion resulted.

FIRE JOURNAL — MARCH 1985

help, and they soon had the fire
under control.

The Damage and Injuries

Damage to the building was exten-
sive. The force of the blast lifted the
roof of the room an undetermined
amount and moved the evaporator
unit approximately 12 inches from its
original position. It also buckled the
interior walls of the room. The ensu-
ing fire damaged ordinary combusti-
ble materials stored outside the cold
storage areas, and caused the rooff
ceiling assembly to collapse partially.

Both of the fire fighters who had
been in the room when the explosion
occurred were severely burned. The
driver of the forklift, age 32, died
within 36 hours of the incident from
burns over 97 percent of his body.
The other fire fighter, age 31, had
third-degree burns over 50 percent
of his body and second-degree burns
over another 20 percent. He was
originally listed in critical condition,
but has improved steadily. He was

‘awaiting release from the hospital

when this report was written.,

{Continued on page 79)




INVESTIGATION REPORT: EXPLOSION (e fom peee 1

Analysis of the Explosion and Fire

Investigators from the Shreveport
Fire Department, the Caddo Parish
Sheriff’s Department, and the
Louisiana State Police determined
that the cause of the explosion'was
the ignition of a hazardous accumula-
tion of ammonia gas. They further
determined that the ignition source
was either an electrical arc from the
forklift truck or a spark produced
when the steel frame of the truck hit
the concrete curbing at the base of
the wall assembly.

Investigators from the NFPA con-
sider that the factors contributing to
the loss of life during this fire were:

1) The ignition of a flammable mix-
ture of anhydrous ammoria gas dur-
ing the emergency repair operation;

2) The failure of the company’s
maintenance workers to take the pre-
cautions that would have reduced the
possibility of a hazardous accumula-
tion of the gas; and

3) The fire fighters’ lack of aware-
ness that conditions existed that
could lead to a hazardous accumula-
tion of flammable anhydrous. am-
monia gas.

The NFPA investigated the
‘explosion and fire at the Dixie
Cold Storage Company in
Shreveport, Louisiana, to doc-
ument and analyze the signifi-
cant factors that resulted in the
fire fighter’s death. The study
was condncted under a Major
Fires Investigation Agreement
among the Federal Emergency
Management Agency/United
States Fire Administration, the
National Bureau of Standards/
Center for Fire Research, and
the NFPA. The agreement,
funded by all three organiza-
tions, allows the NFPA Fire In-
vestigations and Applied Re-
‘search Division to investigate
technically significant fires in
order to record and analyze de-
tails of the incidents and to re-
port lessons learned for loss
prevention purposes.

The NFPA became aware of
the fire on September 19, 1684.
Shortly thereafter, Thomas J.
Klem, Director of the NFPA
Fire -Investigations and

~Applied Research Division,
traveled to Shreveport to docu-
ment the facts about the fire

ABOUT THE INVESTIGATION

during a three-day on-site
study. His entry to the scene
and data collection activities
were made possible by the
Shreveport Fire Department.
This report, which repre-
sents his on-site findings and
the subsequent analysis of the
event, is another of the NFPA’s
studies of fires that are of im-
portant educational or techni-
cal interest. The information-
presented here is based on the
best available data, and the re-
port is not intended to pass
judgment on, or fix liability for,
the loss of life or property.
We wish to thank Dallas W,
Green, .Jr., Chief of the
Shreveport Fire Department;
Chief Harry Strealy, Assistant
Director of the Bureau of Fire
Prevention; Captain Robert
Mayence of the Bureau of Fire
Prevention; Don Cotton, Chief
Training Officer; Don Majune
of the Sheriff’s Department,
Caddo Parish; William E. (Ed)
Bobbit of the Louisiana State
Police; and Jim Alexander,
Deputy State Fire Marshal, for
their help and cooperation.

When released from containment,
anhydrous ammonia presents a com-
bustion explosion and fire hazard, as
well as a toxic hazard. I it is released
outdoors, it may have difficulty
reaching the lower flammability limit

- (16 percent) concentration except in

small zones in the immediate vicinity
of the leak. In unusually tight build-
ings such as refrigerated process or
storage areas, however, the release
of liquid anhydrous ammonia or large
quantities of ammonia gas can result
in the accumulation of a flammable
mixture that may cause a combustion
explosion.’ . _

Since the gas has a vapor density

" of 0.6 and is lighter than air, it will

tend to accumulate at the ceiling and
build down. Vapor density is usually
calculated at standard temperature
and pressure. In this particular inci-
dent, the low temperature of the
leaking gas would have caused it to

- first accumulate near the floor. As the

gas was warmed by the environment,
it would have begun to collect at the
ceiling. During this process, hazard-
ous amounts of the gas could also
have accumulated at various levels
within the room.

Even though ammonia’s low heat
of combustion produces pressures

‘lower than those of most flammable

gases, they are enough to do major

‘structural damage. Anhydrous am-

monia also irritates the eyes, skin,
and mucous membranes, and may
severely injure the respiratory mem-
branes with fatal results.

Industry recommends that work-
ers repairing leaks in refrigeration

‘systems that contain anhydrous am-

monia be familiar with its charac-
teristics and adhere to safe handling
practices. These include isolating the
leak and stopping the flow of am-
monia by shutting valves, staying up-
wind of any leak that occurs outside

‘a building, using large quantities of

Lupmmoniz Explosion Destroys Ice
Cream Plant,” Fire Command, Vol. 51, No. 4
(April 1984), p. 36.
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water fog to disperse the amrmonia,
and wearing protective equipment,
including self-contained breathing
" apparatus. If a leak is severe or if
isolating it is difficult, further meas-
ures, such as purging the system,
may be necessary, Recommended
operating procedures indicate that
self-contained breathing apparatus
and protective clothing should be
available to workers in case an
emergency develops during the re-

' pair process.?

Workers followed some of these
precautions during the initial repair
procedure at the warehouse, but
they apparently were unable to iso-

late the portion of the system they.

were working on. As a result, am-
monia accumulated in the room
throughout the day, unable to escape

2 See Safety Requirements for Storage and
Handling of Anhydrous Ammonia, ANSI/
CGA G-2.1-1972 and ANSI/ASHRAE 15-78,
Safety Code for Mechanical Refrigeration.

because the tight wall and ceiling ar-
rangement permitted no ventilation.
The concentration most likely in-
creased as the rise in ambient tem-
perature caused the liquid ammonia
to boil.

The workers were not able to iso-
late the leak completely until Friday,
September 21, four days after the
fire. However, they evidently told
first-arriving fire fighters that they
had managed to isolate it and that
the ammonia had only been leaking
for a short time. Using this informa-
tion, as well as their own assessment
of conditions in the room and in-
formation they gathered from the
Department of Transportation’s
Hazardous Material Emergency Re-
sponse Gmdebook fire fighters sent
two men with encapsulated suits and
SCBA equipment in to replace the
leaking -valve.

The Hozardous Material Emer-
gency Response Guidebook was de-
signed primarily for use at hazardous
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ABSTRACT

On Monday, September 17, 1984, at approximately 4:00 p.m., an explosion
occurred in a cold storage warehouse building near Shreveport, Louisiana. The
explosion occurred while two members of the Shreveport Fire Department's
Hazardous Material Unit were attempting to isolate an anhydrous ammonia leak
in a section of the building's refrigeration system. Employees had earlier
detected the leak and workers had begun repairs earlier in the day, but were
unable to complete the repair due to the effects of the ammonia.

The force of the explosion raised the building's roof/ceiling assembly in
the immediate area of the leak approximately one foot and severely damaged
interior wall assemblies. The initial explosion also resulted in a severe
fire frbm the ignifion of ordinary combustibles in the adjacent areas of the
building. The two fire fighters within the room of origin were severely burned
when their protective clothing became ignited. One fire fighter died within
36 hours of the explosion; the other fire fighter was admitted to a hospital
in critical condition.

Based on the investigative study, the following are considered to be major
contributing factors to the loss of 1ife in this incident:

(1) The ignition of a flammable mixture of anhydrous
ammonia gas during the emergency scene operation.

(2) The lack of proper precautions by workers to reduce
the possibility of a hazardous accumulation of anhydrous
ammonia gas, and

(3} The lack of awareness by fire fighters that the

conditions for a hazardous accumulation of flammable
~anhydrous ammonia gas were present.

-i-




I. INTRODUCTION

The National Fire Protection Association (NFPA) investigated the Dixie
Cold Storage Company, Shreveport, Louisiana explosion and fire in order to
document and analyze significant factors that resulted in the fire Tighter
fataIity.

This study was conducted under a Major Fires Investigation Agreement among
the Federal Emergency Management Agency/United States Fire Administration
(FEMA/USFA), the National Bureau of Standards/Center for Fire Research
(NBS/CFR), and the NFPA. The agreement, funded by FEMA/USFA, NBS/CFR and
NFPA, provides for the investigation of technically significant fires by the
NFPA Fire Investigations and Applied Research Division to document and analyze
incident details and report lessons learned for loss prevention purposes.

The NFPA became aware of the incident on September 19, 1984, Thomas J.
Klem, Director of the'NFPA Fire Investigations and Applied Research Division,

traveled to Shreveport, Loufsiana, to document the facts related to this

incident. A'three—day on-site study and subsequent analysis of the event were

the basis for this report. Entry to the fire scene and data collection
activities were made possible through the cooperation of the Shreveport Fire
Department. This report represents the findings of the data collection and
analysis efforts.

This report is another of NFPA's studies of fires haviﬁg particularly
important educational or technical intereét. The information presented is
based on the best data available immediately after the fire incident and that
obtained during subsequenf follow-up. .It is not NFPA's intention that this

reporf pass judgment on, or fix liability for, the loss of 1ife and property.




This report describes fire safety conditions at the Dixie Cold Storage
Building and presents findings on contributing factors to the loss of Tife
based on NFPA analysis of collected data and observations during the

investigation.

The cooperation and assistance of Chief of the Shreveport Fire Department,
Dallas W. Greene, Jr., Chief Harry Strealy, Assistanf_Director Bureau of Fire
Prevention; Captain Robert Mayence, Bureau of Fire Prevention; Don Cotton,
Chief Training Officer; Don Majune, Sheriff's Department, Caddo Parish;
William E. (Ed) Bobbitt of the Louisiana State Police and Jim A]éxander,

Deputy State Fire Marshal is greatly appreciated.



II. BACKGROUND

The Dixie Cold Storage Company's warehouse and office building is located
in an industrial area of Caddo Parish, Louisiana just outside the city limits
of Shreveport. Dixie Cold Storage is a refrigeration warehouse which
. processes and then stores frozen products before shipping to distribution
centers. The products, including meats and poultry, are stored in
refrigerated rooms throughout the building. The original (approximately
40,000 sq. ft.) one-story structure was constructed in 1972; an approximate
30,000 sq. ft. addition had recently been added to the building. The older
portibn of the building in which the fire occurred most closely resembled
unprotected noncombustible construction (Type II [000] constructed per NFPA

220-1979, Standard Types of Building Construction).

Construction of the 52-foot by 52-foot room of origin was typical of the
several étorage areas provided in the building. Exposed structural steel
beams and columns were the main support members for the room. The
roof/cei1ing assembly consisted of built-up roof on metal deck supported steel
by bar joist. Because of the nature of the occupancy, three inches of foam
plastic material was provided as a thermal barrier in the roof/ceiling
assembly. Twenty-foot high by four-foot wide, prefabricated, se1f;supporting,
wall panels wére provided to enclose three sides of the room . The panels
consisted of six inches of foam plastic material which wa§ enclosed between
two thin layers of aluminum, which was the interior surface of the walls. The
wall panels were placed on 6-inch high concrete curbing which was provided
around the entire parameter of the room. The remaining wall was of similar
construction; however, 1/2 inch of cement was applied on the interior side of
the room. Access to the room was through a pair of pneumatically operated,
s1iding metal doors. Strips of a plastic material were placed in front of the
doors on the inside portion of the room to rétain conditioned air.

Temperatures within these rooms were normally kept at approximately -12°F.
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A ceiling-mounted evaporator unit was located in the room. The unit was
part of the building's refrigeration system which also supplied other cold
storage rooms. The bui1dihg's mechanical refrigeration system utilized a
refrigerant, anhydrous ammonia, which was supplied to the room's evaporator
unit through insulated piping} A compressor, located in a remote portion of
the building, was also part of the system.

There was no automatic sprinkler system provided in the older portion of
the building in which the explosion and subsequent fire occurred. There was
an automatic dry-pipe sprinkler system in the new addition of the building,
which was not a factor in the incident.

Weather conditions the day of the incident were reported to be hot and

humid with a temperature of 85°F; winds were from the north at 9 mph.




The Fire Incident

Several days before the incident, an ammonia odor was detected by
employees. Maintenance personnel located & leak in the refrigeration system
in one of the cold storage rooms and determined that a valve at the evaporator
unit needed repair. Merchandise in the room was removed and maintenance
scheduled for Monday, September 17, 1984. The evaporator unit was shut down
and temperatures in the room were allowed to rise to an estimated 50°F at
the time of the repair,

Repair work began at approximately 10:00 a.m. on Monday. The exact
procedures being used by the workers to repair the leak were not available to
NFPA; however, the crew apparently shut an isolation valve in the system. It
is not known if the liquid downstream of this valve was drained or purged.

The workers were equipped with industrial- type filter masks {(chemical
resp1rators) to help protect them during the repa1r No other protective
equipment was being utilized by the workers, nor was there any available in
the area for theﬁr use.

At some time during the repair a 50-pound cylinder of 602 was utilized
by the workmen "to absorb the ammonia” as it was released to the atmosphere.*
After one valve had been replaced, the workmen realized that additional
equipment was needed in order to repair another valve. Apparently well before

the fire department was notified of the incident,the concentration of ammonia

*When (0o contacts ammonia, a chemical reaction between the gases occurs
and a white powder (ammonium carbonate or ammonium bicarbonate} is formed.
Apparently this technique can be effective for dispersing small quantities of
. 1solated ammonia gas; however, it is not recognized by industry as a practice
for hand1ing ammonia leaks. See "Safety Requirements For Storage and Handling
of Anhydrous Ammonia," ANSI/CGA G-2.1-1972, and ANSI/ASHRAE 15,-78 "Safety

Code For Mechanical Refrigeration”



gas increased to the point that it began to cause extreme discomfort and
irritation to the men.*

Further, visibility in the room was reduced as a result of condensation
caused as the ammonia and CO, contacted the moist air. The conditions
within the room just before the explosion were described as, visibility near
zero, untenable for a person without full protective equipment; and the floor
was becoming extremely slippery.

After employees initially called a neighboring fire department, the
Shreveport Fire Department was notified of the incident and dispatched an
engine company to the scene. (2:40 p.m.) Apparently, the nature of the call
was a request by the workers to borrow self-contained breathing apparatus
(SCBA). First arriving fire fighters assessed the problem and determined that
the department's hazardous material unit was needed. Fire fighters were told

that the leak had been isolated and only residual gas remained in the room.

“Attempts were made to disperse the ammonia by utilizing fire hoses to

_ distribute water fog to absorb the residual gas.

The Training Division of the Shreveport Fire Department operates the
Hazardous Material Unit. Three officers (a Captain, Assistant Chief, and the
Chief Training Officer) were dispatched to the scene {3:12 p.m.). After an
initial assessment by two men from the hazardous material unit, it was decided
that they would correct the situation by replacing the leaking valve, wearing
encapsulated suits and SCBA; Other fire fighters utilized a portable water
spray device to flush the protective equipment worn by fire fighters who were

assisting in the assessment and dispersement

*Since the refrigeration system was partially shut down, the increasing
concentration of ammonia could have been caused by increasing pressure in the

‘system due to the rising ambient temperature. The boiling point of anhydrous

ammonia is -289F. Another possibility is that the isolation of that portion
of the system was incomplete.



efforts. In addition, fire fighters were placing exhaust fans at the cold
storage room door to help disperse the ammonia.

Fire fighters believed that they had an isolated leak (i.e., stabilized
conditions) and that they were taking the necessary actions (i.e., water spray
and exhaust fans, replace valve, etc.) to control the situation. This overall
assessment was in part based on the understanding that workers had isolated
the affected part of the system and that the leak had not been occurring for
an extended length 6f time. Hazardous materials reference guides utilized by
the fire fighters classified anhydrous ammonia as a nonflammable gas, but also
indicated that under some conditions the gas could ignite and burn.1 Based
on this assessment and understanding, the fire fighters planned to utilize
SCBA and chemical encapsulating suits to protect them from the toxic and
irritating effects of the ammonia.

Using an electric forklift truck, it was decided that one fire fighter
would operate the truck while the other was raised into position to replace
the valve, which was located near the ceiling level approximately 17 feet
above the floor. Workers assisted the fire fighters in positioning the
fork1ift truck in the storage room. At this time visibility in the room was
near zero.

The fire fighters were positioning the fork1ift truck when, apparently
because of the slippery floor conditions and poor visibility, the forklift
truck s1id into and struck one of the interior walls of the room and the
concrete curb at the base of the wall assemblyresulting in an explosion
(4:00 p.m.). The fire fighter (fire fighter #1) who was on the ground
directing the operator of the vehicle (fire fighter #2) reported that the
explosion occurred immediately after the vehicle struck the wall area, and

that fire fighter #2 was immediately engulfed in flames.

TU.S. Department of Transportation's "Hazardous Materials Emergency Response
Guidebook" and the Bureau of Explosives "Emergency Handling of Hazardous
Materials in Surface Transportation.”
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Fire fighter #1 was knocked down by the force of the explosion and his
encapsulated suit was ignited. He struggled to remove the suit as he moved
about the room. After removing most of the suit, he saw a 1ight and began to
move toward it. (Eventually it was learned that the light was coming from an
adjoining room and shining through a wall opening caused by the force of the
explosion,} The fire fighter squeezed through an approximately 12-inch
opéning and eventually exited the building. In his struggle to escape, his
SCBA equipment became Todged in the wall and he had to release himself from
the equipment.

Fire fighter #2 apparently left the forklift truck and attempted to remove
the burning encapsulated suit. He was partially successful at this effort but
'co11apsed during the process. He was eventually found and removed from the
building.

Since most combustible materials had been removed from the room, there was
1ittle fire extension in the area of origin. Thermal insulation became
di§1odged in the roof/ceiling assembly by the force of the explosion and
burned at the floor level other insulation burned at the ceiling level.
Combustible materials in adjoining areas were ignited following the explosion
and a severe fire ensued. Fire fighters summoned additional assistance and
began to suppress the fire and search for the missing fire fighter. The fire
was soon controlled by fire fighters.

The force of the explosion was sufficient to 1ift the rpof of the room an
-undetermined amount and 1ift the evaporator unit approximately 12 inches from
its original position. Interior walls of the room were buckled. The ensuing
fire damaged combustible material stored outside of the cold storage area and
- caused partial collapse of roof/ceiling assembly.

The two fire fighters in the room of origin were severly burned when their



encapsujated protective suits become ignited due to the explosion., Fire
fighter #2, age 32, died within 36 hours of the incident from burns over 97
percent of his body. Fire fighter #1, age 31, was in critical condition with
third-degree burns over 50 percent and second-degree burns over another 20

percent of his body.* Both fire fighters had 10 years experience with the

department.

*At the time of this report fire fighter #2's condition has improved
steadily. He has been removed from the critical list and is awaiting release
from the hospital. ' :



ANALYSIS

Investigators from the Shreveport Fire Department, the Caddo Parish
Sheriff's Department and the Louisiana State Police determined that the cause
of the exp1051oh'was the ignition of a hazardous accumulation of ammonia gas.
The ignition source was determined to be either an electrical arc from the
forklift truck or a spafk caused by the steel frame of the truck contacting
the concrete curbing at the base of the wall assembly.

Anhydrous ammonia presents a combustion explosion and fire hazard (as well
as a toxic hazard) when released from containment. If anhydrous ammonia is
released outdoors, it is difficult for it to reach the lower flammability
1imit (16%) concentration except for small zones in the immediate vicinity of
the leak. In unusually tight buildings, such as refrigerated process or
storage areas, however, the release of liquid or 1arge quantities of gas can
result in the accumulation of a flammable mixture and result in a combustion
<~:xp1051‘on.'1 Since the gas is lighter than air (vapor density 0.6%) it will
tend to accumulate at the ceiling area and build down. Even though the Tow
heat of combustion of ammonia produces lower pressures than most flammable '
gases, the pressure is enough to do major structural damage.

Since anhydrous ammonia also causes varying degrees of irritation to the
eyes, skin or mucous membranes, it may also cause severe injury to the
respiratory membranes with fatal results. Emergency instructions concerning

the handling of an incident involving this material include stopping the flow,

™ Amiionia Explosion Destroys Ice Cream Plant", Fire Command, April,
1984,

*Yapor density is usually calculated at standard temperature and pressure
(STP). In this incident because of the temperature of the leaking gas, it
would have at first accumulated near the floor area. As the gas was warmed by
the environment, it would then tend to accumulate at the ceiling level. As
this dynamic process occurred, hazardous accumulation of the gas could be
reached at various levels w1th1n the r?gm of origin.




utilizing full protective equipment, isolating the area, staying upwind (if
outside) and using large quantities of water fog to dispcrse {absorb) the
ammonia.

Industry recommends that workers repairing leaks tokrefrigeration systems
containing anhydrous ammonia should be knowledgeable about the characteristics
of ammonia and adhere to safe practices such as isolating leaks in an ammonia
refrigeration system by shutting valves, and wearing protective breathing
apparatus. If a leak s severe or if isolation is difficult, further measures
may be necessary, such as purging the system. Recommended operating
procedures fndicate that self-contained breathing apparatus and protective
clothing should be available in case an emergency develops during the repair
process.2

The initial repair procedure at the warehouse involved some of these
techniques; however, the portion of the system being worked on was apparently
not isolated. As a result, the ammonia continued to accumulate in the room
throughout the day. The concentration most 1ikely increased as the 1liquid
began to.boii due to the rise in ambient temperature. The tight wall and
ceiling arrangement of the cold storage room resulted in the lack of
ventilation which was a factor contributing to the high concentration of
ammonia. As the ammonia accumulated, workmen experienced severe irritation
and reduced visibility. The use of 002 by the workmen to absorb the leaking
ammonia may also have been contributing to the reduced visibility. Workers

were not equipped to handle an ammonia leak of this magnitude and summoned the

fire department to the scene to assist them.

2 "Safety Requirements For Storage and Hand]ing of Anhydrous
Ammonia," ANSI/CGA G-2.1-1972 and ANSI/ASHRAE 15-78, "Safety Code for

Mechanical Refrigeration".
11



Due to the amount of condensation, theiamount of irritation experienced by
the workers, from the large build-up of the gas mixture within the room, and
the lack of adequate protective equipment, the workers were not able to
isolate the leak. It was not until Friday, September 21st, after the
incident, that workers completely isolated the ammonia leak.

First arriving fire fighters apparently were told that the leak had been
"isolated" and believed that the duration of the leak had been only a short
_interva1 of time. Fire fighters used water fog lines to absorb the ammonia
gas and exhaust fans to disperse the gas. Basing their assessment on the
conditions and 1nformation provided to them at the scene, and the information
contained in reference material* available to them, the fire fighters believed
that they had stabi1iied'the conditions and committed two hen with
encapsulated suits and SCBA equipment to replace the leaking valve.

Both NFPA 325M, "Fire Haza}d Properties of Flammable Liquids, Gases and
Volatile Solids," and NFPA 49, "Hazardous Chemicals Data", indicate the
flammable nature of anhydrous ammonia and classify it actording]y. NFPA 325M
c1as$1fies the gas as a "1"**, but notes that it receives this designation
instead of a "4" "because it is hard to burn." In this incident, the

-conditions confronted by fire fighters were ideal for the gas to reach its
flammable range.

Based on the investigative study, the following are considered to be major
contfibuting factors to the loss of life in this incident:

(1) The ignition of a flammable mixture of anhydrous
ammonia gas during emergency scene operation.

(2) The lack of proper precautions by workers to reduce

the possibility of a hazardous accumulation of anhydrous
ammonia gas, and

12



3) The lack of awareness by fire fighters that the
conditions for a hazardous accumulation of flammable
anhydrous ammonia gas were present.

*The DOT "Hazardous Material Emergency Response Guidebook" mentions that
the recommendations are not necessarily adequate or applicable in all cases.
The document was primarily designed for use at a hazardous materiaT incident
occurring on a highway or a railroad. It will, with certain limitations, be
of use in handling incidents in other modes and "at facilities such as
terminals and warehouses."

**Using NFPA 704, Standard System for the Identification of the Fire
Hazards of Materials. ‘ -
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Ammonia Explosion

(Houston Fire Department Photo)

Destroys Ice Cream Plant

First arriving fire fighters responding
to an anhydrous ammonia leak at Bor-
den's Ice Cream Company near down-
town Houston barely escaped death or
serious injury when the building blew

-gpart in a violent explosion. The inci-

dent shaitered a misconception about
ammonia that had evolved in the minds
of both fire fighters and refrigeration
people.

On Sunday morning, December 11,
1983, when the plant engineer arrived
1o check the building, production had
been shut down since Thursday end
only three of the 16 ammonia compres-
sors in the basement were operating to
maintain product storage. After finding
everything normal, the engineer con-
tinued to the opposite end of the base-
ment, when he heard a loud noise,
looked back and saw a huge ammonia
cloud developing. He escaped up the
back stairs, shut the king valve on the

36 FIRE COMMAND April 1984

liquid line as he left the building and
ran to a hotel on the next block, where
he called the fire department.

He returned to the plant in time to
meet arriving fire companies. The
engineer, at the request of the district
chief, agreed to point out a valve in the
basement that might stop the leak. This
proved a salvation because the delay in
gutfitting the engineer in bunker gear
and showing him how to use self-
contained breathing apparatus pre-
vented an earlier entry into the build-
ing. Just as fire fighters and the
engineer started toward the building,
an explosion tore through the two-story
building and set fire to a one-story an-
nex in the rear.

Reinforced concrete support columns
in the basement parted as the explosion
raised the floors and roof. Part of a
brick wall collapsed in the street near
the fire fighters and engineer. Every

window had blown out, and windows
across the street to the east were shat-
tered.

A second alarm was sounded as first |

alarm companies set up heavy sireams
to disperse the vapor cloud and cool the
large ammonia tanks on the roof of the
burning annex.

The Hazardous Materials Response
Team (HMRT], which responded on the
box alarm, was assigned to stop the
leaking ammonia. Attempts to descend
the debris-clogged stairways proved im-
possible, and the team finally had to
reach the basement via an elevator
shaft. The trip proved worthless. The

MAX H. McRAE

District Chief
Hazardous Materials Response Team
Houston Fire Department, Texas
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partially collapsed floor had shattered
the overhead ammonia piping, and
water from broken sprinkler pipes was
submerging the compressors. The deci-
sion was made to totally {lood the base-
ment and allow the water to absorb the
remaining ammonia.

Apparently, a break occurred in a
discharge pipe from one of the
operatling, high-stage compressors,
which had been installed some 50 years
ago. No check valve was in the dis-
charge line and all the ammonia in the
main 6-inch discharge pipe, the master
oil separator, three large evaporative
condensers and the liquid receiver
eventually escaped into the basement
CONIPressor room.

The amount of liquid ammonia in this
high side of the system, which initially
registered 140 psi, was between 4000
and 5000 pounds. It is estimated that
only 460 to 725 pounds of ammonia
would put the confined, unventilated
basement area within the explosive
range of ammonia (16 percent to 25 per-
cent by volume).

The ignition point was narrowed
down to a white hot filament of one of

The Department

The Houston Fire Department is manned
by 3500 fire fighters who last year
responded to 38,536 emergencies, 2418
of which involved hazardous materials;
85,067 emergency medical calls were
answered.

Houston has a population of 1.8
million and covers an area of 564 square
miles.

The building engineer briets the Hazara-
ous Materials Respunse Team an the
plant layout before the team enters the
basement to stop the feaking ammonia.
(Houston Fire Department Photo)

the 300-watt incandescent light bulbs in
the basement. A burning light bulb
would shatter when cold vapors of the
escapiug ammonia reached the bulb.
During the fire, several fire fighters

-expressed astonishment that ammonia

would burn and others speculated that
the explosion had to be from natural
gas rather than ammonia. After all,
ammonia carries a green, nonflamumable
gas label and rates a flammability of but
1 i the NFPA 704 classification system
— because “it is hard to burn.”
Houston fire fighters and the HMRT
handle numerous ammonia leaks each
year, ranging from small cylinders in
the confines of office buildings to giant
refrigeration systems in cold storage

warehouses. Several years ago, an
ammonia tapk fruck split open after a
fall from a freeway overpass and re-
leased its 8000-gallon load in one
swoop. Never has the problem been
more than a health hazard.

Even the investigating consultant,
who had 45 years experience in refrig-
eration, registered surprise. He had
always worked on ammonia systems
with cutting torches and arc welders.

1t js hard to find any of the old ex-
perienced ammonia refrigeration men
who believe it is possible for ammonia
to explode,” he said. The consultant ad-
mitted to being a member of that group -
until he inspected the ruins.

Experience, fortunately, reveals that
components for an ammonia explosion
rarely come together. But they did at
Borden's. The incident proves that am-
monia can burn — and burn violently —
and validates the warning by Isman and
Carlson on anhydrous ammeonia in the
book Hazardous Materials: “*Emergency
response personnel must not be lulled
into a false sense of security by the
nonflammable label.” &

FOR MORE INFORMATION

¢ Contact the author at: Houston
Fire Department, 410 Bagby St.,
Houston, TX 77002, (713} 222-7791.

e Fire Protection Guide on Hazard-

ous Materials, Seventh edition.
Available from NFPA.
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URETHANE INSULATION F IRE
One Dead, Several Injured

Cuba, New York

JAMES K. LATHROP, NFPA Fire Analysis Specialist

A mid-morning fire in 2 refrigerated cheese ware-
house in Cuba, New York, on October 21, 1974, resulted
in the death of one construction worker and infury to
several fire fighters and employees. The fire started
when a cutting torch ignited sprayed-on urethane in-
sulation. The death and injuries all resulted from smoke
inhalation. ‘

BACKGROUND

The 60-foot-by-75-foot warehouse was one-story high,
The roof was 16 feet high on the sides and 19 feet in the
center. The floor was of poured concrete and the walls
were constructed of steel. The roof was pitched from
the center and was made of steel sheets on steel beams
on steel columns. There were no ceilings or dividing

This investigation was a cooperative effort by the NFPA Fire
Analysis Department and the National Bureau of Standards. The
cooperation of the Cuba Fire Department, Deputy County Co-
ordinator Larry Dyer, and the Cuba Memorial Hospital is ac-
knowledged. )

walls. The inside surfaces of the walls and roof were
covered with approximately two inches of sprayed-on
urethane foam. The urethane was coated with one layer
of sprayed-on intumescent paint. The temperature in
the warehouse, which was used to store cheddar cheese
and whey, was kept at approximately 40°F. The doors
leading out of the warchouse swung in both directions

- and were loose fitting so that warehouse vehicles could

push through them.

A large addition had been started adjacent to the

existing structure, It was to be of similar construction.

THE FIRE

On the day of the fire, construction workers were
cutting through the walls of the warehouse to attach
beams for the new addition. The holes were being cut
with a torch from the outside on the south wall at the
roof line. Two holes had been cut and the scaffolding
was then moved so that a third hole could be cut. About

The south end of the warchouse, Fire started when a cutting torch was used on the upper right-hand comer
NFPA

above scaffolding.
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10:00 am, -the third hole was started. A few minutes
" later, the worker who was cutting the hole could see
that a fire had started inside the warehouse. The con-
struction workers ran into the warehouse and saw the
urcthane insulation burning near the area where the
hole was being cut. One man was sent to call the Fire
Department, which received the telephone alarm at
10:10 am. When the man who notified the Fire De-
partment returned to the scene, attempts were being
.made to use extinguishers on the fire; however, the men
doing so realized that the roof-level fire was too high
to reach from the ground. Suddenly the room became
filled with smoke, and the men crawled out. They all
went out through Door No. 1, and then through Door
No. 2. {See Figure 1.}

Reportedly, the worker who died had accompanied
one of the survivors all the way to Door No. 2; however,
the survivor was starting to close a tight-fitting re-
_ frigerator door at this location when it was d1scovered
that the victim had disappeared.

All three engines of the Cuba Volunteer Fire Depart-
ment arrived on the scene between 10:13 and 10:15 ain.
The fire fighters immediately donned self-contaimed
breathing apparatus and entered the building. They

found the victim inside near Door No. 1 and carried
him outside. The victim was taken to the hospital,
where he was pronounced dead from smoke inhalation.
No autopsy was performed.

Fire fighters reported that they found little, if any,
fire when they arrived; there was only very dense
smoke. They laid a supply line and four hand lines;
however, they used only about 200 gallons of water and
felt that this was perhaps more than was needed. Ex-
tensive ventilation of the building was performed.

DAMAGE

The fire caused little structural damage to the build-
ing. The urethane insulation near the area of origin was
destroyed, and the intumescent paint throughout the
upper area of the warehouse was charred and blistered.

ANALYSIS

The urethane insulation was ignited from the unpro-
tected side by the cutting torch. The intumescent paint
retarded the spread of the fire; however, sufficient toxic
products were given off to fill Warehouses A and B (see
Figure 1), and to kill the construction worker (who,

{ Continued on page 95)
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Urethane Insulation Fire ( continued from pagé 45)

incidentally, was the man operating the cutting torch).
- Also, Sections C, D, E, and F contained smoke.

Several fire fighters and workers complained of
nausea, headaches, difficulty in breathing, and a burn-
ing sensation in their lungs for many days after the fire,
even though no one was allowed inside the warehouse
without self-contained breathing apparatus.

One interesting observation _fnade by the men was
that at no time did they feel any heat; however, as they

View of the south wall looking north, Note condition of the in-
sulation on the roof near side of the heam. White area is where
the Fire Department ventilated. ) NFPA

left the building, the pressure in the warehouse had
built up to such an intensity that Doors No. 1 and 2
-were being held open by the strong wind that it had
created. -

This fire again demonstrated the extreme fire hazards
of sprayed-on rigid urethane foam insulation. Spraying
intumescent paint on the exposed surfaces of the ure-
thane'may have retarded the spread of fire. Neverthe-
less, production of the thick, toxic smoke was still ex-

This photo was taken from inside the warehouse close to the
south wall and shows the ceiling condition after the fire. nrra  fremely rapid. A
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