Propane Fires and Explosions

Fire fighters respond to propane incidents in tingédl States nearly once per day on the
average. According to the National Fire IncideepBrting System (the data base of the U.S.
Fire Administration), the number of propane incitbeon an annual basis was 301 in 2005 and
317 in 2006; as all states do not require parti@pan this data base, the actual number of
propane incidents responded to by fire departmmatgbe higher. Unfortunately, firefighters
and emergency responders have died respondingpampe incidents. Many of these incidents
occurred in rural locations. There are about 17ilbon propane installations in the United
States. We will look at a couple of tragic acciden

Turkey Farm, Albert City lowa, 9 April 1998. Two fire fighters killed, seven injured

This incident was investigated by the U.S. Chem&adkty and Hazard Investigation Board
(CSB); their findings are published as report r&3097-1-I1A, and can be downloaded from
http://www.csb.gov/completed_investigations/doasa®20Herrig.pdf The photos used here
were taken from this report. Only a few of theatatumber of propane incidents are investigated
by the CSB. NIOSH also investigated this accidddir report is available at
http://www.cdc.gov/niosh/fire/reports/face9814.htmi
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Aerial photo of Herrig Brothers farm taken on 10riAh998, one day later. Yellow oval shows
the location of propane tank prior to the blasiofphfrom CSB).
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Top, A 18,000-gallon propane tank similar to the dmat exploded at the Herrig Brothers
Feather Creek Farm (the turkey farm) in Albert Citwva, from NIOSH report. Note protective
fencing around piping for this tank which was lakat the lowa farm propane tank.
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Left Herrlg Bros. 42-foot long tank before explusi The tank was out in the open away from
any buildings, and the tank and above ground pipadyno protective fence to keep intruders
away. Right, large tank fragment, about half @& tdink, was propelled inside a turkey barn as a
result of the explosion.

The following is a sketch of 18,000-gallon prop&sek and piping setup at the farm, from the
CSB report. The tank was estimated to containDgallons of propane at the time of the
explosion, at approximately 11:28 pm, on April 998. Two firefighters responding to a fire
which engulfed the propane tank, were killed byktatagments resulting from a BLEVE
explosion (BLEVE= Boiling Liquid Expanding Vapor Rbosion). Seven other people were
injured, and several buildings were severely damdgyethe blast. The firefighters assumed if
they stayed away from the ends of the tank theylavbe “safe”, but exploding tank fragments
were hurled in all directions.
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The Herrig Brothers Feather Creek farm raised ggkevhich were housed in seven barns.
Propane was used as fuel for space heaters aratés;nwhich provided heat for the turkey
barns. On the evening of 9 April 1998, eight hegihool teens gathered at the farm for a party.
The owners, which did not live at the farm, saiakttimney did not have knowledge or consent of
the event although they were aware of other sgatiderings took place in the past. One of the
youths began driving an all-terrain vehicle (ATWhich struck two above ground pipes which
ran parallel to each other at the tank location\aack used to transport propane to vaporizers
located 37 feet away. Liquid propane leaked ouhef¥-inch pipe at the point of the break. An
excess flow valve protecting the liquid pipe lieaving the tank failed to function. Propane may
also have leaked from the second line struck byAfh¥, but this was not conclusively
established. As the liquid propane sprayed fronitie it quickly vaporized and ignited within

a few minutes, presumably from one of the dire@efivaporizers located 37 feet away. The
time of ignition was estimated to be roughly 118N (based on later CSB interviews of the
teenagers). Two teens drove to a neighbor lodatedle away, who called the 911 operator at
11:10 PM to report the fire.

Twenty members of the Albert City Volunteer Firedaetment and two Buerna Vista County
Sheriff Deputies arrive at the farm at 11:21 PMeTirefighters observed flames originating
from the west end of the tank, and also from pneseelief valve pipes located on top of the
tank. One fire fighter said that the propane tamak fully engulfed in flames and flames shot 70
to 100 yards into the air. Because of the fire,firefighters did not attempt to reach a manual
shutoff valve on the broken pipe. The plan waletdhe fire burn itself out and to setup the fire
trucks to spray water on nearby buildings whicheangetting hot. One of the fire trucks was sent
away to get more water.

At approximately 11:28 PM, as fire-fighting equipmievas being moved into position, the tank
exploded scattering tank fragments in all diretio®ne large piece hurled to the northwest
struck and killed two volunteer firemen located 166t away from the tank. The same piece
narrowly missed the Fire Chief. Another large piga@s propelled to the north narrowly missing
two firefighters. Seven firefighters were injur@a;luding some with severe burns. The largest
piece was hurled to the east and came to reseimsid of the turkey barns (shown in the photo).
At least 36 pieces (possibly 40 pieces) were latsated by investigators, some in fields off the
14-acre property site. Unfortunately, while theBO8port identified the fragments and
locations, there were no distances presented lamndar the fragments were thrown.

The CSB report established that the propane explosas a BLEVE, a Boiling Liquid

Expanding Vapor Explosion. Unpressurized proparegas (at room temperature) with a
normal boiling point of about -42 (-43F), but it is normally stored in tanks as a liquitter
pressure. At the estimated’B&mbient temperature before the incident, the vppessure of

the liquefied propane inside the tank would iniyidde at about 80 psi. When responders arrived
at 11:21 PM, the tank was engulfed in flames, &edstfety release valves at the top of the tank
designed to vent at 250 psi gauge were obvioushkiwg, based on firefighter reports that the
noise from the release valves was “like standing teea jet plane with its engine at full

throttle”. It is not known at what pressure thegane tank failed, but the CSB report estimated
it to be somewhat less than 1000 psi. The sudelease of pressure resulted in a rapidly
expanding boiling liquid and vapor and explosion.



Left photo, Aerial view of Incident scene showing
locations of firefighters and equipment at time of
explosion, from NIOSH report at
http://www.cdc.gov/niosh/fire/reports/face9814.html

P = position of propane tank

1, 2 = location of firefighters killed by fragment
from exploding propane tank

F = position of other firefighters

A = position of apparatus

CSB Analysis:

1. The above ground piping was not protected fromrmda@kedamage by vehicles, as
required by lowa law citing the 1979 edition of tational Fire Protection Association’s
“Standard for the Storage and Handling of Liqueffsdroleum Gases” (NRPA 58). The
lack of piping protection allowed the ATV to crasito the pipes that ran from the tank
to the vaporizers.

2. The outlet propane pipe diameter was improperlgdsior the excess flow valve, which
was supposed to automatically shut off the flowase of excess flow in the propane
pipe. The valve was designed to shut off at 20@,gphich in no way could occur with
the % inch diameter propane outlet pipe. Theretfogesalve did not shut off. Had the
valve shut off, the BLEVE probably would not haweorred.

3. Firefighters were too close to the propane tanke firefighters assumed that if they kept
away from the ends of the propane tank they woalddie. The CSB report cited that
firefighters had receive inadequate training f@apanding to propane tank fires.

International Fire Service Training Associationdglines for responding to propane tank fires:

1. Do not assume that the venting of propane fronefreklves will prevent over
pressurization and rupture of the tank.

2. Apply large quantities of water to the tank. Famge propane tanks, at least 500 gallons
per minute is needed.

3. If a flame is impinging on the tank, water mustpplied directly to the impinged area in
order to prevent a BLEVE.



4. Water should be sprayed by use of an unmannetidse system.
5. If a continuous supply of water is not availabléharaw and isolate the area for %2 mile
in all directions.

The 1996 Emergency Response Guidebook(ERG), whachcarried by the fire fighter vehicles
at this incident, under Guide Number 115 which adsges propane tank fires, recommends that
responders to a massive fire use “unmanned hoslertsobr monitor nozzles”, or if this is not
possible, to “withdraw from the area and let tle burn”. There was also a statement in the
1996 ERG to “withdraw immediately in case of rissmund from venting safety devices...”.
However the 1996 ERG also contained a possiblesadshg statement under Guide Number
115, “ALWAYS stay away from the ends of tanks”, winicould be interpreted by firefighters to
mean that by avoiding the ends of the tank thessidi¢he tank would be safe. As the result of
the Herrig Brothers propane explosion and CSB tefaier editions of ERG Guide Number 115
for responding to large propane tank fires readslésvs (from 2008 ERG):

Propane Explosion, 30 January 2007, Ghent WV, Fouilled including two responders, Six
injured

This incident was investigated by the U.S. Chem&atkty and Hazard Investigation Board
(CSB); their findings are published as report @ 204-1-WV released in September 2008, and
can be downloaded from
http://www.csb.gov/completed_investigations/docd3€BalReportLittleGeneral.pdf
Information including the illustrations used hererestaken from this report.

This case study was used as a basis for a CSB $&fiting video, which can be obtained at
http://www.chemsafety.gov/index.cfm?folder=newseaslies&page=news&NEWS 1D=447

On 30 January 2007 at 10:53 AM, a propane explasidhe Little General Store in Ghent, West
Virginia, killed four and injured six people. Thead included a fire department captain and an
emergency medical technician from the Ghent VoleinEére Department and two propane
service technicians. The injured included two otBkeent Volunteer Fire Department
emergency responders and four store employees wh®minside the store at the time of the
explosion.



Photo from West Virginia State Fire Marshall ascuseCSB report

The above photo, taken from CSB report no. 2007044, shows the demolished store and
ambulance caught in the propane explosion.

Unlike the Herrig Brothers Albert City explosiohjg did not involve a tank BLEVE. The cause
was a propane leak which resulted in propane cdratem in and near the store to build up and
exceed the lower explosive limit concentrationhia &ir (>2.1% by volume of propane in air).

The propane leak occurred during transfer
operations, when propane was being
transferred from an existing older tank
owned by Ferrellgas to a newly installed
tank owned by Thompson Gas and Electric
Services (called the Thompson tank). The
two tanks were located adjacent to The
Little General Store, as seen in the sketch
to the left. The propane tanks were each
500 gallon capacity. The new Thompson
tank was to be installed 10 feet from the
building but the older tank was right next
to the building.



Ferrellgas, headquartered in Kansas, is the sdaogelst propane marketer in the United States,
with customers in all 50 states. Thompson installmmercial and residential systems and
delivers propane in eastern and southeastern Late in 2006, The Little General Store

initiated a change in propane suppliers. Appaktiieating, a local family owned business,
has a contract with Thompson to install propanéesys in the local area.

On the morning of 30 January 2007, two propaneigetechnicians from Appalachian Heating
arrived in separate vehicles at the Little GenState. The plan was to transfer propane from
the existing Ferrellgas tank (installed in 1994)he newly installed Thompson tank and place
the new propane system in service. At about 9:80 the lead technician left the store to make
a delivery 31 miles away leaving a junior techmcédone. The lead technician had earlier
completed his “Certified Employee Training Program'September 2006 for installing propane
systems and had also spent nearly a full year wgnkith experienced personnel, but the junior
technician had no such training. For the next lbearjunior technician worked alone preparing
to transfer propane between the two tanks.

At about 10:25 AM, the junior technician removeplag from the liquid withdrawal valve on

the Ferrell tank, which resulted in liquid propapeaying from the valve. The junior technician
then called (10:28 AM) the lead technician who ws#@l$ off site. After the lead technician called
Thompson technical support, he tried to reachuhey technician, most likely to encourage him
to call “911”. A deliveryman in the store at abdt30 AM told CSB investigators that he had
smelled a strong odor and noticed employee eyes watering. A Little Store cashier checked
on the junior technician who was standing outsidteiwa dense vapor cloud near the tank, but
the junior technician said that he was OK. At D0AM, the junior technician called 911 to
summon aid, but continued to remain near the tattkmthe propane vapor cloud.

At about 10:47 AM, a captain from the Ghent Vol@ntEire Department arrived on scene and
assumed role of incident commander. Shortly atieds, two EMT’s arrived in an ambulance.
The captain ordered the business to close, andlaskeEMT’s to follow him to behind the
building to treat the junior technician who wadl siear the propane tanks and apparently had
suffered frostbite from the leaking propane. Sgatter 10:50 AM, the lead technician

returned, and walked back to the area of the ppamnks. The captain ordered one of the
EMT'’s to the front of the store to check that there was closed and that no one was smoking or
pumping gas; the store was locked, but the EMT spolemployees who were still inside the
store. A firefighter then arrived in his persomahicle and could hear the escaping propane.
The captain ordered the firefighter to get all esypks out of the store. As the firefighter
approached the front of the store, the propandadrand exploded. The four people near the
propane tank were killed (the lead and junior sErtechnicians, the captain, and the EMT
treating the junior service technician). The fearployees inside the store and two firemen were
injured. The explosion leveled the store, destiogre ambulance, and damaged many parked
vehicles. The Ferrellgas tank was hurled aboue80due to the force of the blast.



Top: Liquid
Withdrawal Valve

Sketch of a propane tank showing locations of Left: Removed
Liquid Withdrawal Valve and Fill Valve Plug, with telltail
circled
CSB Analysis

1. The Ferrellgas Propane Tank, installed in 1994 eated right next to the building in
contrary to OSHA and National Fire Protection Asatian (NFPA) Standards which
state that a 500 gallon propane tank should beddcat least 10 feet from commercial or
residential buildings. The OSHA standa®tiprage and Handling of Liquefied Petroleum
Gasesand NFPA 54National Fuel Gas Codend NFPA 58 Chapter &jquefied
Petroleum Gas Code]l address the location of tanks. The open bagidiverhang
above the propane tank, and the interior restradmawst ducts provided a direct
pathway for propane gas to enter the store. Itivahglear to CSB why this shortcoming
was not recognized and corrected during the 1Bgrears the tank was in service, even
though it was filled many times and inspected. #eopropane company prior to
Ferrellgas had originally installed the tank. Tiesv Thompson tank was to be located
10 feet away from the store.

2. The junior technician, who was hired 45 days eartiel not undergo the “Certified
Employee Training Program” (CETP) put together iy propane industries. Thompson
requires its employees to be CETP-trained, and lpp&an Heating did not notify
Thompson of the new employee. This training progisdeveloped by the National
Propane Gas Association (detail$eip://www.npga.orggo to “Safety/Training
Programs”). The junior technician apparently dod recognize the hazard of a propane
gas cloud. OSHA and DOT require employee training,do not elaborate on the
requirement.

3. Technicians only open liquid withdrawal valves wimgapane tanks are completely
emptied of liquid. The CSB investigation foundtthi@e liquid withdrawal valve was still
on the damaged tank after the accident, but thg\whs removed. The investigation
found that the liquid withdrawal valve itself wasfective causing it to be in an “open
position”, and assuming the valve was defectivetsethe accident, this means that the
plug was the only thing preventing the propane festaping the tank. As an additional
safety backup, the plug on the withdrawal valve déalltale drilled through the treaded
portion which should have released a small strefgpnapane once the plug was partially
backed out in the case of a defective valve in quesition. This should have alerted the




junior technician that the valve was leaking anehething was wrong. This specific
information was addressed in CETP training, whiatiuded written instructions, and
which included the statement, “WHEN IN DOUBT DO N&REMOVE THE PLUG".
The junior technician apparently did not recogrfzie and continued to unscrew the
plug.

4. The Incident Commander (captain from the Ghent Wi&er Fire Department) while he
initially followed procedure on assessing the gitrawas slow to act on ordering a
complete evacuation. The Incident Commander apggrallowed the junior technician
to try to stop the leak. Had the Incident Commarn@el certain critical pieces of
information available (the technician did not haraning; propane gas was entering the
building), he probably would have ordered everytmkeave the area immediately. Only
six minutes passed from the time the Incident Contdaaarrived on scene until the
explosion.

5. The Ghent Volunteer Fire Department only had minimi@rmation available (gas leak
at The Little General Store at Flat Top Lake) whwsy were contacted by the 911
dispatcher, and the 911 operator was not trainedkdhe right questions. The 911 caller
said he had a propane leak, the 911 dispatcheaggad leak. There was also no prompt
card available on propane to prompt the 911 ctdlask the right questions, and the
responders did not know the severity of the situatA citizen driving past called the
response team to clarify that it was a propane. |8dile propane industry has prepared a
script for use in situations where customers repapane leaks, which could be part of a
911 prompt card.

* Where is the leak?

* Do you hear gas escaping?

* |s the leak near any building?

* |s there odor of gas in the building?

Should a fire department permit propane service teenicians to stop a propane leak from a
valve or piping?

The CSB reviewed another incident, a vapor releapeopane from the Southshore Mall in
Aberdeen, Washington, which occurred on 23 Oct@06i7. The 1,150-gallon propane tank
was located in a utility yard approximately 25 feeetm mall restaurants. Shortly after 2 PM, a
mall employee heard a “pop”, and upon investigatimtovered the leaking tank. The fire
department was called, they evacuated the mallsaadred the scene. The fire department
contacted the propane company that owned the tardupport. The propane company sent a
service technician. The service technician disoeéhat the release was from the propane
tank’s fill valve which was stuck in a partially @p position. The service technician installed a
double check valve on the leaking fill valve togstbe release. All this was done in less than
one hour. The evacuation order was lifted at P¥b The differences between this incident
and the Ghent explosion with respect to allowimpy@ane service technician to work on the
tank was as follows:

1. The fire department first evacuated everyone andred the area before permitting the

service technician to enter.



2. The fire department already had a working relatigmsvith the propane company and
knew that the service technician was CETP-certifted the service technician had
previously worked with the fire department on prepancidents.

3. The vapor release was minor compared with the Gledégdise, and the service technician
knew how to correct the leak.

As of 2007, only 14 states require training forgaoe service technicians, and 11 of the 14
states either require or accepts CETP certificdborhis training.

The PEAC Tool

The first duty of first responders is to evacuatd secure the area. There may be also be injured
that need attending; an important step is remolvialjared to a safer area if possible while
evacuation takes place. The PEAC tool can proredponders on safe evacuation distances for
propane, which is linked to Guide Number 115 inEmeergency Response Guidebook. In case
of a large spill, the recommended evacuation digtas at least %2 mile or 800 meters. As an
immediate precautionary measure, the spill or Ealuld be isolated for at least 330 feet (100
meters) in all directions. Guide Number 115 als@g guidance on how to fight fires and
whether responders should evacuate. In the casabfires, responders should evacuate
immediately in case of rising sound from a ventiugk or a tank is engulfed in flames or
becomes discolored. If there is no flame, respansleould also evacuate if they hear escaping
propane from a tank, or a strong tell-tale odott@regg odor) is noticed. Propane itself is
odorless, but trace amounts of butyl mercaptaaomilar odorous chemical is added as a
warning if a leak occurs. Propane gas is heakligm tir and will tend to hug the ground.

The PEAC tool does not give instructions on howttp a leak. Only when the situation is
deemed “safe” (a vapor cloud explosion or a BLESWEGt likely) should qualified technicians
be allowed to approach the tank.

The PEAC tool is designed to contain consideradarical information in a small package
useful for first responders. The tool is set uphsoinformation can be extracted quickly.

Conclusions

These two examples show the complex situationdwing response to emergency situations
and interaction between other people. First redpmndo not have the benefit of hindsight when
responding to an emergency situation. They musguackly under a stressful situation, and
cannot take for granted that propane or other ctemstorage facilities are designed properly or
people on site know what they are doing. They mesignize quickly a potentially dangerous
situation and not be afraid to set priorities egghcif an immediate evacuation is required.
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Footnote



Remember the firefighters and their families wheehdied in the line of duty.
The total number of firefighter deaths and injufi@sall responses on an annual basis is found at
the websitehttp://www.usfa.dhs.gov/fireservice/fatalities/sttts/casualties.shtm




