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SUMMARY

On October 1, 2003, a44-year-old male volunteer
fire fighter and a 42-year-old male volunteer fire
fighter were fataly injured by asilo explosionat a
lumber company. Thevictimsrespondedtoamutud
ad cal from aneghboring volunteer fire department
aready on the scene at the silo fire. Prior to the
explosion, fire fighters had opened some exterior
hatches at the base of an oxygen-limiting silo and
wereflowing water through the hatch openingswith
apiercing nozzle. Fire fighters were also flowing
water into thetop of the silo viaan aerial apparatus.
At thetime of the explosion, onevictimwas standing
on top of the silo and the other victim was in the
aeria basket positioned beside the top of the silo.
Eight other fire fighters were injured during the
explosion, two requiring hospitdization. Thefataly

Siloinvolvedintheincident

injured victimswere trangported to regiona hospitals
viaambulance where they were later pronounced
dead.

NIOSH investigators concluded that, to minimizethe
risk of smilar occurrences, fire departments should

» Trainofficersandfirefightersonthe hazards
associated with different types of silos and
the appropriatefirefighting tactics

» Develop and implement standard operating
guidelines (SOGs) for fighting oxygen-
limitingsilofires

* Ensure that pre-emergency planning is
completed for siloswithintheir jurisdictions
Additiondly,

e Facilities with oxygen-limiting silos should
ensuretheproper operation and maintenance
of their silos

The FireFighter Fatality | nvestigation and Prevention
Program is conducted by the National Institute for
Occupational Safety and Health (NIOSH). The purpose of
the programisto determinefactorsthat cause or contribute
to fire fighter deaths suffered in the line of duty.
Identification of causal and contributing factors enable
researchers and saf ety specialiststo develop strategiesfor
preventing future similar incidents. The program does not
seek to determinefault or place blame on fire departments
or individua firefighters. To request additional copies of
this report (specify the case number shown in the shield
above), other fatality investigation reports, or further
information, visit the Program Website at
www.cdc.gov/niosh/firehome.html
or call toll free 1-800-35-N1 OSH
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* Municipalitiesshould consider requiring an
exterior placardwith specific siloinformation
for useduring firefighting efforts

» Slomanufacturersand researchorganizations
should consider researching the causesand
mechanisms of silo fires involving wood
products and developing engineering
approachesto reducetheriskstofirefighters

INTRODUCTION

On October 1, 2003, a44-year-old male volunteer
fire fighter (Victim #1) and a 42-year-old mae
volunteer firefighter (Victim#2) werefatdly injured
by aslo explosona alumber company. Thevictims
responded to a mutual aid call for their aerial
gpparatus from aneighboring volunteer department
aready onthe scene of thesilofire. Atthetime of
theexplosion, Victim #1 was standing on top of the
dloand Victim #2 wasin the aerid basket postioned
beside the top of the silo. A third firefighter (Fire
Fighter #1), who was severely injured and
hospitalized, was aso standing on top of the silo.
Seven other fire fighters were injured during the
explosion, one requiring hospitaization. On October
1, 2003, the U.S. Fire Administration (USFA)
notified theNationd Indtitutefor Occupeationa Safety
and Health (NIOSH) of thisincident. On October
6-7, 2003, two safety and occupational health
gpecidists from the NIOSH Fire Fighter Fatality
Investigation and Prevention Program conducted a
site visit a the lumber company and met with
representatives of thelumber company and the State
FireMarshd’sOffice. Thevictims aerid gpparatus
damaged in the explosion was also inspected. On
December 1-4, 2003, two safety and occupational
hedlth speciaists conducted further investigationinto
thisincident. The NIOSH team met with the Chiefs
of both volunteer departments, interviewed officers
and firefighters on the scene, examined photographs
of thefireground, and reviewed witness statements

and other pertinent documents including the State
Fire Marshal’ sreport.

Departments
Two volunteer fire departmentswereinvolvedinthis

incident. Theincident command department has23
personnd that serve apopulation of approximately
2,300 to 2,500 within arura areaof about 45 square
miles. Thedepartment servesthecommunity froma
sngle station and receivesthe mgority of itsfunding
through the township.

The mutual aid volunteer department has 30
personne that serve apopulation of approximately
3,500 withinaresidential and industria areaof about
17 square miles. The department also serves the
community from a single station and receives its
funding through the city and township. Bothvictims
were membersof this department.

Trainingand Experience

Victim#1 had 14 years of experience asavolunteer
firefighter. Hewascertified inthe State of Ohio as
a Volunteer Fire Fighter Level 1-A. Fire Fighter
Level 1-A is a 48-hour course developed for
volunteer firefightersthat containsaportion of the
requirements for NFPA Fire Fighter Level 1.
Additional training included confined space rescue,
training in propane emergencies, and terrorism
awareness.

Victim#2 had 10 years of experience asavolunteer
firefighter. Hewasaso certified inthe State of Ohio
asaVolunteer Fire Fighter Level 1-A. Additiona
training included confined space rescue, terrorism
awareness, fire fighter safety, farm emergencies,
publicinformetion officer, and eectricd emergencies.

Equipment

The incident command volunteer fire department
initial dispatch responselisted in order of arrival on
the scene included:
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* Engine 744 (Officer and four firefighters)

* Equipment Truck 743 (fivefirefighters)

* Engine 745 (two firefighters)

« Tanker 742 (two firefighters)

* Chief (Incident Commander) viapersondly owned
vehicle (POV)

* Assistant Chief viaPOV

« Brush Truck 741 (Officer and firefighter)

Themutua-aid volunteer firedepartment 2" alarm
responseincluded:

* Aerid Truck 6642 (Officer, Victim #1, Victim
#2, Fire Fighter #1 and two firefighters)

* Equipment Truck 6643 (four firefighters)

Additiond personnd from both departments arrived
onthesceneintheir POVs.

Structure

The incident silo (see Photo 1) was located at a
lumber company that employs60full timeemployees.
Thefadility producesvariouswood productsinduding
hardwood flooring for bowling lanes, architectura
millwork, roof trusses and brooms.

The silo was constructed in 1986 and was used to
supply recycled plant materia to an eectrica bailer.
The concrete silo was originaly designed as an
oxygen-limiting silo but waslater modified. Theslo
was approximately 70 feet high and was 20 feet in
diameter. The base of the silo had two doors (one
on each side) to accessthe auger pit (see Photo 2).
Theauger wasused to unload thesilo. Thesilowas
normally filled with wood chips and saw dust from
theplant. Theroof of theslo had two round openings
each measuring about 2 feet in diameter. Thesilo
wasfilled pneumatically aswood chipswere blown
through a tube into the top of the silo through the
center opening. The other opening had acover that
wasnot in place. Ontheday of theincident, thesilo
wasfilled to adepth of 21 feet with wood chips.

According to the State Fire Marsha’s report, the
originand cause of thefirewas heat generated from
the friction of abet on a pulley at the base of the
dlo’s auger, which ignited the combustible wood
chips. Thefiresmoldered for severa hoursprior to
the arrival of fire fighters. The Fire Marshal
concluded that the explosion in thisincident was a
combination of eventsthet included “a aminimuma
backdraft with ignition of the fire gases and adust
explosion of somedegree.”

The incident command fire department had
conducted annual pre-planning for the facility and
routingly made 1-2 cdlsper year tothisfecility. These
calsincluded threefiresin adjacent silosand small
firesin the dust collection system. Therewereno
previousfiresintheincident silo.

INVESTIGATION

At 0650 hours, a lumber company supervisor
directed aplant employeeto check the silo because
there was an odor of smoke in the vicinity. The
employee went to the silo auger pit and quickly
discovered the source of the odor when he opened
theaccessdoor. Theauger pit wasfilled with light
smokeand therewasared glow seenwithinthesilo
through the auger port. He quickly exited the pit,
shutting theaccess door on hisway out, and reported
to hissupervisor that thesilowasonfire.

At 0657 hours, the lumber company called 911 to
report that one of the silos was on fire. At 0701
hours, Engine 744 was en route with an officer and
four firefighters. Engine 744 arrived at the lumber
company at 0703 hours. Equipment Truck 743,
Engine 745, and Tanker 742 dso arrived within two
minutes. (Note: The fire station is less than a
mile from the lumber company). Upon arrival,
firefighters obsarved light white smoke coming from
thetop of the silo and moderate white/gray smoke
through the bottom of the accessdoors. Engine 744
was positioned in the parking lot on the east side of
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the silo and the crew pulled a 1% inch handline to
the northeast Side of thesilo. Engine 745 was put on
standby to act as abackup.

The crews from Engines 744 and 745 entered the
sloauger pit fromtheeast. Twofirefighters(witha
1%4inch handline) inspected the auger pit and found
some aerosol cans and a LP gas tank that they
removed. Next they shut off thecircuit breskersfor
theelectric powered auger motor. Theauger access
door had warped opened dueto heat and water was
sprayed into the opening. Two other fire fighters
stood on standby on the east side with a charged
12 inch handline. Conditions within the auger pit
were heavy smoke, littlevishility and high heet. The
metal auger access door (see Photo 3) wasglowing
red from intense heat and firefighterswere successful
in cooling down the metal. Burning wood chips
began to fall from the auger access door and pile up
on the pit floor.

The IC was concerned that thefirewould spread to
other areas of thelumber company by burning embers
and wanted to aggressively extinguishthefire. The
| C wanted to inspect thefire conditionsfrom thetop
of theslo. Sincethesilodid not haveacageonthe
externd ladder, he determined thet it would be unsafe
for fire fightersto climb to the top. At 0725 hours,
the I C requested an aeria apparatus (Aeria 6642)

as mutual aid from a neighboring volunteer

department.

At 0728 hours, Aerid 6642 was en route with an
officer and fivefire fighters. When the aeria unit
arrived at 0736 hours, the crew observed minimal
white/gray smoke coming from thetop and moderate
smoke from the bottom doors of the auger pit. The
IC directed the aerid to position next to the silo on
thenorth side. ThelC and two mutua aid officers
(Note: Another mutual aid officer had previously
arrived on scene via POV at 0725 hours) had a
brief discussion and decided to extend the aerial to

determinethe structure of thetop of thesilo and the
conditions within the silo. Both victims from the
mutudl aid department and another fire fighter from
the | C’ sdepartment went to thetop of theslointhe
aerial basket and examined the silo’s condition for
several minutes. The basket was brought down and
the fire fighters had a conference with the IC and
reported that they could not see any flame or the
surface of the woodchipswithin the silo dueto the
smoke.

At thesametimetheaeriad wasat thetop of theslo,
severd fire fighters attempted to unload burning
wood chipsfrom theauger pit using shovelsand smal
baskets. Two positive pressure ventilation (PPV)
fanswere placed on thewest Side auger pit doorsto
remove heavy smoke coming from undernegth the
slo. Thefanswereblowing smokeout so entry could
be made from the east. The manual unloading and
useof PPV fanswas abandoned after several minutes
due to the lack of progress. The auger and other
equipment at the base of the silo could not be used
to unload the silo since the drive belt had been
damaged by fireand themetal waswarped fromthe
intense heat. (Note: Theelectrical supply to the
silo’sauger had al so previously been shut off).

At 0815 hours, the I C requested Equipment Truck
6643 as mutual aid from the same neighboring
volunteer firedepartment snce SCBA air bottleswere
beginning to run low. Truck 6643 had a cascade
systemfor filling air bottlesand arrived on scene at
0824 hourswith four firefighters. Upon arrivd, the
IC ordered Truck 6643 to park on the east side of
thedlointheparking lot.

ThelCused athermd imaging camera(T1C) tolocate
hot spots on the exterior concrete surface of thesilo.
Hot spotswereidentified onthe east and west Sides
about 15 feet from the ground and were beginning
togrow insize. ThelC decided to flow water into
thetop of thesiloviatheagrid. Engine 744 supplied
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water to the agrial with a3-inchlineand Victim #1,
Victim#2 and Fire Fighter #1 went to thetop of the
slointheaeria basket. Victim#1 and Fire Fighter
#1 exited the basket onto thetop of thesilo. Victim
#2 remained inthebasket. Victim#1 madethehose
connection to the platform water supply and ran a
50 foot section of 1% inch hose with a 1% inch
distributing nozzle around the top of the silo. Fire
Fighter # 1 lowered the hose into the access hole
just asit wasbeing charged. They sprayed water for
about 5-10 minutesand it is estimated that lessthan
1,500 gallons were pumped into the silo.

At the base of the silo, fire fighters had opened a
smdll exterior side hatch. They were pulling wood
chipsfrom the hatch and inserting apiercing nozzle
supplied by a 1% inch handline from Engine 744.

The hatch was located below a large hot spot
observed withthe TIC. A firefighter wasusing a
pike poleto make apath for the piercing nozzle and
another firefighter wasinserting the 10 foot piercing
nozzleinto the hatch up through thewood chips. A

third fire fighter was assisting with the hose. Fire
fighters were alternating positions during this
operation. Another fire fighter was behind them
manning acharged 1%4inch handline asabackup.

ThelCingructed theaerid crew to changethenozzle
to a straightbore and spray water in the southeast
section of the silo based on the growing hot spots.
Victim #2 shut the water off and Fire Fighter #1
started pulling the hose out of the silo. Herecalls
thet the smokewasyellowish and remembershearing
awhooshing sound followed by aloud boom.

At thebase of thesilo, asudden burst of wood chips
and smoke came out the hatch. Thiswas described
by firefightersas“likeajet enginetaking off.” Other
firefighters on scene reported hearing a“ sucking”

sound or a strange “expanding-like” rush. Fire
fighters on the ground closest to the silo felt a
concussionand theground shake. Severd firefighters

at the base of the slo near the hatch werethrown to
the ground from the force of the blast.

Theexplosion occurred inthe silo at approximately
0850 hours. Thetop of theslo blew off and landed
to thewest (see Photo 4 and Diagram). Victim#1,
Victim#2 and Fire Fighter #1 werethrown from the
top of the silo and aeria basket (see photo 5) and
were thrown approximately 70 feet to the ground.
Victim#1 wasfound near the basket of afront end
loader parked at the base of thesilo. Victim #2 was
found at the base of the west side of the silo. Fire
Fighter #1 fell into agarbage-filled dumpster which
helped break hisfal. Debris rained down on the
scene, injuring eight fire fighters and two lumber
company employees. After the debris had settled,
firefightersrecdl hearing multiple persond dert ssfety
system (PASS) alarms. The IC ordered an
accountability check and radioed for rescue unitsto
come to the scene. Fire fighters on the scene
immediately began administering first aid to the
injured.

Victim#1 and Victim #2 weretrangported to regiond
hospitals via ambulance where they were later
pronounced dead. A helicopter transported Fire
Fighter #1 and another firefighter injured by falling
debris to a regiona trauma center. The incident
command department had onefirefighter hospitalized
with abroken foot and four fire fighterstreated and
released from the emergency room. Fire Fighter #1
was hospitalized with abroken arm and leg. Two
other fire fighters from the mutual aid department
were seen and released in the emergency room. Two
plant employeesfrom the lumber company wereaso

hospitalized.

CAUSE OF DEATHS

According to the county medical investigator's
findings, the cause of death for both victims was
multiple blunt forceinjuries.

Page 5



Fire Fighter Fatality Investigation
And Prevention Program

Fatality Assessment and Control Evaluation
Investigative Report #F2003-32

Two Fire Fighters Die and Eight Fire Fighters are Injured from a Silo Explosion at a

Lumber Company - Ohio

RECOMMENDATIONS/DISCUSSION
Recommendation #1: Firedepartmentsshould
train officers and fire fighters on the hazards
associated with different types of silos and the
appropriate fire fighting tactics.

Discussion: Inthisincident, thecritica information
that was not established during theinitial size-up or
determinedintheir pre-plan wasthat thisslowasa
modified oxygerHimiting slo. ThelC hed successfully
fought asilofirein the past at the lumber company,
however that fire had been in a conventional silo.
Thetacticsand strategiesused by firefightersinthis
incident werefor aconventiond silo. Sincethesilo
was modified, it should have been treated as an
oxygen-limiting slo by firefighters.

There are two types of upright silos: conventional
slos and oxygen-limiting silos or “seded” silos.
Conventiond silos aretypically used to store corn,

hay or other foodstuff for livestock feed. Theseslos -

provide for the preservation, storage and
disbursement of the feedstock. Conventional silos
usually have outside doors stacked up the silowall.
Conventiona silosare normaly unloaded from the
top.

Oxygen-limiting silos are sed ed to prevent oxygen

from entering thesilo. Thesesilosare constructed -

of stedl or concrete and havetightly sealed openings
and hatches. When the hatches are closed and the

dlo is filled, the oxygen concentration should be -

insufficient to support afire.

Both types of silos can befound on farmsand used
at sawmills. Itiscritica for firefightersto recognize
the type of slo involved prior to beginning any fire
fighting operations. Inthisincident, the slo no longer

had tightly sealed top hatches (hence modified -

oxygen-limiting) and theamount of oxygen entering
the slo was sufficient to initiate the explosion.

Recommendation #2: Firedepartmentsshould
develop and implement standard operating
guidelines (SOGs) for fighting oxygen-limiting
silofires?

Discussion: SOGs are a set of written tactical
directivesthat establish a standard course of action
onthefireground. SOGs should include suchitems
asfireground safety and guidelinesthat describethe
tacticd prioritiesand related support functionsduring
silo fires. Important elements that should be
incorporated into SOGs for conducting operations
onanoxygen limiting Slofireinclude:
Confirm pre-plan information on arriva

Do not direct water or foam onto thefirethrough
thetop hatches. Thiswill alow oxygento enter
the silo and can cause a “backdraft-like”
explosion of fire gases.

Do not enter, breach, or open any externd silo
hatchesin an attempt to extinguish thefire,

If the top hatches are open, firefighters should
not closethem if thereissmoke coming out from
thetop, epecidly if thesloisvibrating or meking
unusua sounds.

Lockout and tagout the electrical servicetothe
slo.

Roof hatches should be safeto closeif thesilo
has been quiet for several days and there has
been no smoke coming from the hatches. The
hatch should be closed, but not securely, to
permit therelief of any pressure that may build

up.

Leavethe silo closed for up to three weeks or
until thefire consumesadl the oxygeninthesilo
and sdf-extinguishes.
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Establish a collapse zone around the silo, keep
unauthorized personnel away from the area,
inspect for extension and protect adjacent
exposures.

Somesiloshave externd vavestoinject carbon
dioxide or liquid nitrogen from compressed gas
cylindersto extinguishthefire.

If the silo still continuesto burn, seek assstance
from the slo manufacturer.

Recommendation #3: Firedepartmentsshould
ensurethat pre-emergency planningiscompl eted
for silos within ther jurisdictions.*®

Discussion: Pre-emergency planning, pre-planning,
and pre-incident planning are al terms that mean

essentialy the samething. By firgtidentifyingtarget -

hazards (oxygen+limiting slospresent highrisk tolife
safety and property) within a department’s
jurisdiction, the fire department can prioritize and
begin to establish pre-emergency plans for those
target hazards. Pre-emergency planning enhances
effective and safer operationsand helpssavelives
and protect property. The pre-incident plan should
not be confused with fireingpectionswhich monitor
code compliance. Pre-incident planning assumesan
incident will occur and is one of the most valuable
toolsavailable for aiding responding firefightersin
effectively controlling an emergency.

In conducting pre-emergency planning for silos, fire

departments must recognizethebasic silotypesas -

well as the construction features, materials used,
presence of loading devices, other distinguishing
characteristics, and the hazards associated with each
type. Inthisincident, the silo was not identified as
an oxygen-limiting silo in the pre-plan. Pre-
emergency planning should identify thetype of silo,
the age of the silo, silo structurd integrity, type of
materid normaly storedinthesilo, silo roof structure,

andtheslointerior layout. Whenever possible, slos
should be inspected during the construction phase
toadin ng the different types of construction,
materids, etc. Theslo manufacturer should aso be
consulted to insure that accurate information is
obtained. Some silo manufacturersaso have step-
by-step ingtructions on how to extinguish fireswithin
ther slos

Additiondly,

Recommendation #4: Facilities with oxygen-
limiting silos should ensure the proper
operation and maintenance of their silos. 3

Discussion: Silo owners should do the following to
prevent fires and explosonsin oxygen-limiting Slos:

Conduct proper maintenance of thesiloto ensure
theintegrity of the oxygen-limiting feetures. The
slo manufacturer should be consulted for proper
operating and maintenance proceduresfor their
slos. Inthisincident, theslowasorigindly built
as an oxygen-limited silo but was not operated
assuch.

Ensurethat oxygentlimiting Sloshavedl hatches
closed and sealed when not being filled or
emptied. There is little likelihood of a fire
occurring since the amount of oxygen would be
insufficient to support afire. Inthisincident, the
top hatcheswere not being used prior tothefire.

Routinely ingpect and maintain al loading and
unloading equipment to ensure safe operation.
Inthisincident, friction from apulley belt onthe
unloader auger wasthe origin and cause of the
dlofire

Consider ingtalling smoke detectorsin the auger
pit to provide early warning of smokeand fire.

Page7



Fire Fighter Fatality Investigation
And Prevention Program

Fatality Assessment and Control Evaluation
Investigative Report #F2003-32

Two Fire Fighters Die and Eight Fire Fighters are Injured from a Silo Explosion at a

Lumber Company - Ohio

Recommendation #5: Municipalities should
consider requiring an exterior placard with
specific silo information for use during fire
fighting.t-3

Discussion: Information regarding the type of silo
would beinvauableto firefighters should an incident
occur. Placardsshould be placed onthesilowarning
fire fighters that the sillo is an oxygen-limiting silo,
and should includeinformeation concerning the proper
extinguishing techniques. The placard should also
warn firefighters not to use water to extinguish an
oxygen-limiting sllo fire and have emergency contact
information. The placard should state“ DANGER -
Seded Silo — Water Contributes to Explosion of
Sealed Silos.”

Recommendation #6: Silo manufacturers and
research organizations should consider
researching the causes and mechanismsof silo
fires involving wood products and developing
engineering approaches to reduce the risks to
firefighters.!

Discussion: In this investigation, the State Fire
Marshdl’ sreport mentionstherole of wood products
asasecondary cause of thesilo explosion. Whilea
backdraft explosion of the byproducts of combustion
isthe likely cause of the explosion in thisincident,
there hasbeen no scientificresearch on silofiresand
explosions with wood products or sawdust.
Modeling the dynamics of oxygen-limiting silofires
could result in greater understanding of the
engineering controls necessary for prevention.
Engineering controls that would reduce the risk to
fire fighters could include remotely operated top
hatches, so dimbing thesloisnot required, ingaling
blast panelsto reduce the severity of an explosion,
and developing aremote system of pre-piped injection
portsfor silo extinguishment.
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Photo 1. Incident Slo
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SILO ACCESS |l
I HATCH

Photo 3. Auger accessdoor in pit
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Photo 4. Location of victimsand top of silo after explosion

Photo 5. Condition of aerial basket after explosion
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