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SUMMARY

On July 30, 2002, a 32-year-old male career
Lieutenant (Victim#1) and a20-year-old malecareer
firefighter (Victim#2) died whileparticipatingina
live-firetraining evolution. A flashover occurred
several minutes after the fire had been lit in the
acquired vacant structurewhileboth of thevictims
were performing asmulated search and rescue. The
Lieutenant and thefirefighter were both transported
by ambulancesto alocal hospital wherethey were
pronounced dead. NIOSH investigators concluded
that, to minimizetherisk of smilar occurrences, fire
departmentsshould

* ensure that the fuels used in live-fire
training have known burning
characteristicsand thestructureisinspected
for possible hazards prior to the training

 ensure that ventilation is closely
coordinated with interior operations

Incident Scene

e ensure that fires are not located in
designated exit paths

 ensure that a method of fireground
communication is established to enable
coordination among the Incident
Commander and firefighters

* ensurethat Standard Operating Guidelines
(SOGs) specific to live-fire training are
developed and followed

e consder using a thermal imaging camera
during live-fire training

Additionaly, States should consider

» developing a permitting procedure for live-
fire training to be conducted at acquired
structures. Satesshould ensurethat all the
requirements of NFPA 1403 have been met
before issuing the permit

The FireFighter Fatality Investigation and Prevention
Program is conducted by the National Institute for
Occupational Safety and Health (NIOSH). The purpose of
the program isto determine factorsthat cause or contribute
to fire fighter deaths suffered in the line of duty.
Identification of causal and contributing factors enable
researchers and safety specialists to develop strategies for
preventing future similar incidents. The program does not
seek to determine fault or place blame on fire departments
or individua fire fighters. 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-NIOSH
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INTRODUCTION

On July 30, 2002, a 32-year-old male career
Lieutenant (Victim#1) and a20-year-old malecareer
firefighter (Victim #2) diedwhileparticipatingina
live-firetraining evolution. OnJuly 31, 2002, the
U.S. Fire Administration (USFA) notified the
Nationd Ingtitutefor Occupationd Safety and Hedlth
(NIOSH) of thesefatalities. On September 9-12,
2002, three safety and occupationa hedth specidists
fromthe NIOSH Fire Fighter Fatality Investigation
and Prevention Program investigated theincident.
NIOSH investigatorsinterviewed the officersand
firefightersinvolved inthisincident, and they met
with representivesfrom thelnternational Association
of Fire Fighters and the Office of the State Fire
Marshal. TheNIOSH investigatorsreviewed the
fire department’s standard operating guidelines
(SOGs), photographsof theincident scene, training
recordsof thevictims, reportscompleted by the State
FireMarshal’s Office, and the death certificates.

This combination departmentis comprised of 135
career and 93 volunteer fire fighters, has 12 fire
stations, and servesapopulation of approximately
100,000 in an areaof about 1,450 square miles.

Training. The department requiresall personnel to
meet the Statefirefighter requirementsand havea
minimum of National Fire Protection Association
(NFPA) Firefighter Level | and 11 (480 hours)
certification, and Emergency Medical Technician
(EMT) I certification. Thedepartment lsorequires
40 hoursof refresher training annualy. Victim#1
had 9 yearsof fire-fighting experience, including5
yearsasal ieutenant. Victim#1 met the Stateand
department requirements and had approximately
1,000 hoursof fire-fighter training. Victim #2 met

@ Each tour consists of working a 24-hour shift

the State and department requirements, which hehad
completed onApril 24, 2002. He began serving as
acareer firefighter with the department on July 22,
2002, and had completed two tours? of duty with
the department beforetheincident.

Personal Protective Equipment. At thetime of the
incident, both of thevictimswerewearing their full
array of personal protective clothing and equipment,
consisting of turnout gear (coat and pants), helmet,
Nomex ® hood, gloves, boots, and aSelf-Contained
Breathing Apparatus (SCBA) with a Personal
Alerting Safety System (PASS) integrated into the
air pack. During the NIOSH interviews, the
participantsreported not hearing the PASS devices
soundingwhenthevictimswerefound. The SCBA
with integrated PASS devices were significantly
damaged during theincident and werenot examined
by theinvegtigators.

Structure. Thestructurewasavacant single-family,
single-story, ordinary concrete block dwelling
(approximately 1,600 square feet) with apitched-
styleroof with asphalt shingles (Photol). Severa
yearsearlier agarageor carport had been converted
into a bedroom. The structure contained three
bedrooms, two bathrooms, aliving room, and akitchen
(Figurel). Thedructurehad atotd of 10windows, 4
ontheA-Sideand 3eachontheB-Sdeand C-Side.

The converted bedroom, used as the burn room
(approximately 24 by 15 squarefeet) duringthelive-
firetraining, waswherethelive-firewasignited and
wherebothvictimswerefound (Photo 2). Thefloor
in the burn room was covered with an indoor/
outdoor-type carpeting with a urethane foam
padding, and ascuttle hole” in the ceiling had been

b Opening in the ceiling of the structure, fitted with removable cover for the purpose of providing access and

ventilation to the cockloft or roof.
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coveredto prevent fireextension. Accordingtothe
Officeof theState FireMarshd,, saverd of therooms
inthedructurehad somefurnishings(e.g., atelevison
set, an easy chair, aset of twin beds), and thefloor
was carpeted throughout the structure.

Fuel. Thefuel usedto generatethelive-firefor the
training consisted of approximately five wooden
pallets, abaleof sraw, and atwin-szeurethanefoam
mattress. Other fuelsin the burn room included
carpeting, foam urethane padding, hollow corecloset
doors, wood molding, wall-mounted headboards,
and painted gypsum board onthewa lsand celling.

Weather. Theair temperature was 84 to 88 degrees
Fahrenheit and the wind was calm. Weather
conditionsdid not gppear to beafactor inthisincident.

Fire Anaysis. Upon arequest from NIOSH, the
National Institute of Standards and Technology
(NIST) developed afireandysisof theincident. The
purpose of thefireanalysisisto help demonstrate
the growth and the fire's reaction when different
variablesareintroduced. Thecompletefireanalyss
will beavailablefor viewing on-lineinthenear future
at http:/mww.fire.nist.gov.

INVESTIGATION
On July 30, 2002, a 32-year-old male career
Lieutenant (Victim#1) and a20-year-old malecareer
firefighter (Victim#2) diedwhileparticipatinginlive-
firetraining. Thevictims combination department
was |eading thetraining with acareer department
participating. At approximately 0900 hours,
personnel arrived at the training site, and the
| ngtructor-in-Charge/I ncident Commander (1C) gave
themtheir assignments. Thefollowing personnel,
listed according to their ass gnments, participatedin
thelive-firetraning exercise:

| nstructor-in-Charge/Incident Commander (1C)

(Officer)

Search and Rescue Team (Lieutenant/Victim#1

and FireFighter/Victim#2)

Ignition Officer/Interior Safety (1 FireFighter)
Interior Safety (3 Fire Fighters)

Rapid Intervention Team (RIT) (2 FreFighters)
Attack Line 1 (Officer and 2 Fire Fighters)
Attack Line2 (Officer and 1 Fire Fighter)
Exterior Ventilation (FireFighter)

Pump Operator (Fire Fighter)

Before the start of the training, the IC and the
participantswalked through the structure so that the
IC could givethem apreburn briefing (Photo 1 and
Figure1). ThelC pointed out theingressand egress
routes, and hetold them that amannequindressedin
firefighter bunker gear would serveasasimul ated
rescuevictiminthetraining exercise. Hedid not tell
the participantsthat the mannequinwould belocated
inthekitchenarea. ThelCtold the participantsthat
the live-firewould be built inside a closet on the
northwest corner of theburn room. The participants
hel ped put the fuel-wooden paletsand strav—inside
and outside of the closet.

At approximately 1010 hours, the Ignition Officer/
Interior Safety used aroad flaretoignitetheitemsin
the closet and radioed the | C that thefire had been
lit. Whenthelgnition Officer/Interior Safety left the
burn room, thelive-firewasproducing someflames,
and thesmoke had diminished visibility intheroom
(Photo 2). To producealarger fire, someof thefire
fightersretrieved atwin-size mattressfrom another
bedroom and put it onthelive-firein theburn room.

Thelgnition Officer/Interior Safety and one of the
participants who was acting as Interior Safety
assumed their positioninthehdlway outsdetheburn
roomwhiletheother two Interior Sefety firefighters
stagedintheliving room. At approximately 1011
hours, thelgnition Officer/Interior Sefety radioed the
| C that they wereready to begin thefirst training
evolution. ThelC ordered the search and rescue
team (Victim#Land Victim# 2) to enter thestructure.
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Victim#1 and Victim#2 crawled through the front
door (A-side) and performed aright-hand search to
look for thesmulated victim. A very brief timelater,
after receiving orders from the IC, the crew on
Attack Line#1 entered the structurethrough thefront
door (A-side) with acharged 1 3/4-inch hoseline.

WhileVictim#1 and Victim#2 were conducting a
search of theliving room wheretwo of theinterior
safety firefighterswere positioned, Victim#1 was
overheard givingingructionson searching techniques
toVictim#2. After both of thevictimsperformed
their searchintheliving room, they crawled down
the halway to the burn room, followed by oneof the
interior safety firefightersfromtheliving room. Note:
Conditionsinthestructureat thistime were heavy
smoke with very little visibility.

Asboth victimswere conducting their search, one
of thevictimscollided with oneof theinterior safety
firefightersinthe hallway outside the burn room.
Theinterior sefety firefighter inthehdlway identified
himself to thevictimsasone of theinterior safety
personnel and instructed them to continue their
search. Theinterior safety firefghter that had followed
both of the victimsfrom the living room into the
hdlway told oneof theother interior safety firefighters
in the hallway outside the burn room that he was
goingtolook for the crew with thefirst attack line.
Victim#1 was overheard in the burn room asking
Victim#2 if theentireroom had been searched and
recelving an affirmativeresponse.

Astheinterior safety firefighter went back downthe
hallway to look for the first attack line crew, he
encountered them entering the hallway, and hetold
them to put somewater onthefire. Hethen headed
back toward the burn room followed by the crew

fromAttack Line#1. Once hereached the section
of hallway outside the burn room, he asked one of
theinterior safety firefightersin that areafor the
location of both victims. Recelving areply that they
wereout, hethen asked asecond timeif both victims
wereout of theburnroomand received an affirmetive
response. Heleft to search for both thevictimsin
the bedroomson the B-Side and the kitchen on the
C-Side.

At approximately 1013 hours, the | C radioed Attack
Line#1 that thewindow intheburnroomwasgoing
to be vented, and the exterior ventilation person
broke out thewindow. Whenthewindow (56 inches
inheight by 42 %2inchesin width and made of 1/4-
inch-thick plate glass) wasvented, it emitted very
heavy black smokefollowed afew seconds|ater by
intenseflames. According to the Office of the State
Fire Marshal, and the fire analysis performed by
NIST, aflashovercisbelieved to have occurredin
the burn room after thewindow wasbroken. Note:
According to NIST, thefireanal ysis of theincident
indicates that the gases were so fuel rich in the
burn room that it took the fire seconds to mix
with the oxygen and flashover. Attack Line #1,
positioned at the doorway of the burn room, began
aoplyingwater inshort-flow incrementsintotheroom.
At approximately 1014 hours, the | C ordered the
crew of Attack Line#2 to enter the structurewith
the second 1 3/4-inch hosdline. Hethen attempted
to make radio contact with the victims. At
approximately 1015 hours, Attack Line#1 radioed
thelCthat water wasbeing applied tothefire. One
of theinterior safety firefightersthat waspositioned
inthe hallway outside the burn room begantofeel
like hewas getting steamed asaresult of thewater
being applied to thefire. Ashecrawled downthe
halway, hetold thelgnition Officer/Interior safety in

¢ Aflashoverisdefined by the International Fire Service Training Association (IFSTA) asastage of fireat which all
surfaces and objects within aspace have been heated to their ignition temperature, and flame breaks out almost at

once over the surface of all objects in the space.
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that areathat he needed to leave. When heentered
thelivingroom, visibility improved, and hewasable
to stand and walk out of the structure. Asheexited
ontheA-Side, hetold thelC that he had gotten hot
and steamed. At approximately 1016 hours, thelC
radioed the crewsinside and told them to let him
know if theroof needed to bevented. Meanwhile,
theexterior ventilation personwent toremoveagable
vent ontheD-Side.

After completing hissearch for both victimsinthe
bedroomsonthe B-sideand kitchen onthe C-Side,
theinterior safety firefighter discovered thes mul ated
rescue mannequininthekitchen. Redlizingthat the
victimshad not performed asearchinthat area, he
left thestructure and asked the | Cif thevictimshad
come out. Receiving a negative response, he
reentered the structure to perform another search
for bothvictims. At approximately 1017 hours, the
|Cradioed thevictimsto report infor accountability,
with no response. At approximately 1018 hours,
the | C attempted to contact thevictimsagain onthe
radio.

Returning from ventilating the gableonthe D-Side,
theexterior ventilation firefighter lookedintotheburn
room window and saw awhite helmet lying onthe
floor. Theconditionsintheburnroomwerereported
asheavy fireand smoke. Hereachedintothewindow
and retrieved the helmet, whichwaswithinarm’s
reach, andgaveittothelC. Note: Thewhitehelmet
caused some confusion because all the
participants were wearing yellow helmets. The
helmet was yellow, but exposure to the heat had
turnedit white. After experiencingalot of heat and
getting steamed, the Ignition Officer/Interior Safety
assgned tothehalway outsdethe burn roomexited
thestructure. HeinformedthelC of theintense heet,
told the I C that hedid not know thelocation of the
victims, and advised that apersonnel accountability
report (PAR) needed to be done.

At approximately 1019 hours, thelC called onthe
radio to ask who wasmissingahelmet. Aninterior
safety firefighter assgned to theliving room radioed
arequest tothelCfor D-Sideto beventilated. The
IC directed ventilation to be performed by the
exterior ventilation firefighter, whointerpreted the
request as C-Sideand ventilated that side. ThelC
radioed arequest for statusreportsfromAttack Lines
#1 and#2 and thevictims. At approximately 1020
hours, Attack Line#2 entered the burn room and
radioed that they were applying water onthefire.
TheIC called by radio for aPAR and sent in the
RIT tosearchfor both victims. TheRIT entered the
structurewiththethird 1 3/4-inch hoselineand went
to the hallway outside the burn room. At
approximately 1021 hours, theIC received aPAR
fromAttack Lines#1 and #2, but hedid not receive
any response from the victims. Attack Line #2
radioed the 1 C that they had knocked downthefire
inthe burn room and that they did not find any fire
extensonintheceiling. ThelCradioedAttack Line
#2to ask if they had seen thevictims, and they said
no. Inthehallway the RIT met somefirefighters
who informed them that the firewas under control
and that the burn room wasclear. The number of
firefightersinthe hallway madeit difficult to move,
so one of the RIT memberswent to the bedrooms
ontheB-Sdeandthekitchenareaonthe C-Sideto
searchfor thevictims.

At approximately 1023 hours, thel C radioed orders
to evacuate the structure and commanded the air-
horn blasts to be sounded. After hearing the
evacuationair horns, theAttack Line#2 crew began
to leave the burn room when they saw what they
thought wasthesmulated manneguinlying facedown
on the floor next to the closet where the fire had
been ignited. As they attempted to move the
mannequin, they realized that it wasactudly Victim
#1. Thelgnition Officer/Interior Safety waked over
to theA-Sideand climbed through thewindow into
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theburnroom. Note: Conditionsintheburnroom
were reported as white smoke or steam emitting
from the floor area.

At approximately 1024 hours, acall wasradioed
from the burn room to report that afirefighter was
down. Thelgnition Officer /Interior Safety, afire
fighter fromtheRIT, andthecrew fromAttack Line
#2 removed Victim #1 through thewindow in the
burn room. The IC radioed a request for two
ambulancesto respond to the scene. After inquiring
about the location of the other victim, one of the
interior safety firefightersreentered to performa
search. After searching thekitchen and bathroom
areas(C-Side), he entered the burn room and shone
hisflashlight around theroom. Observing ahelmet
lying in the middle of the floor, hewent to it and
discovered Victim #2 lying on thefloor next to the
window on A-Side. To get the attention of fire
fightersoutside, hethrew hishelmet out thewindow.
Firefighters outside the structure hel ped remove
Victim#2 through thewindow. At approximately
1027 hours, the I C radioed to dispatch that they
had onefirefighter with burnsand another firefighter
being removed fromthebuilding. Bothof thevictims
weretransported viaambulancesto alocal hospital
wherethey were pronounced dead.

CAUSE OFDEATH
Thedeath certificates|isted the cause of death for
bothvictimsassmokeinhaationand therma injuries.

RECOMMENDATIONS/DISCUSSION
Recommendation #1: Firedepartmentsshould
ensure that the fuels used in live-fire training
have known burning characteristics.!

Discusson: Fudsfor training firesshould haveknown
burning characteritics, and thequantitiesused should
be the minimum necessary that are controllableand
ableto createthedesired fireconditions. TheNFPA

notesthat fuel materials shall be used only inthe
amounts necessary to createthe desired firesize.
Pressure-treated wood, rubber, plastic, and straw
or hay treated with pesticidesor harmful chemicals
should not be used. According tothe NFPA, the
fudl load shdl belimited toavoid conditionsthat could
cause an uncontrolled flashover or backdraft.
Accordingto NIST, thefireanalysisof theincident
indicatesthat the carpet, thefoam padding, thehollow
corewood doors and the mattress added to thefuel
load and the speed of the fire development. The
structure should beinspected toidentify and remove
materialsthat could contributeto rapidly spreading
firesand createan environmental or health hazard.

Recommendation #2: Firedepartmentsshould
ensure that ventilation is closely coordinated
with interior operations. 2°

Discussion: Chapter 10 of Essentials of Fire
Fighting, 4" edition, statesthat “ ventil ation must be
closdly coordinated withfireattack.” Firecanquickly
spread in a structure, causing problems such as
flashover, abackdraft, or anexplosion. Ventilation
timing isextremely important and must be carefully
coordinated between interior operating crewsand
ventilation crews. Ventilationisnecessary toimprove
afireenvironment sothat firefighterscan perform
such duties as search and rescue and approach a
firewith ahoselinefor extinguishment. Incident
command should determineif ventilation isneeded
and where ventilation is needed. The type of
ventilation should be determined, based onevauation
of thestructureand thelocation of any interior crews.
Proper venting of heat, smoke, and combustiblegas/
ar mixturesfrom buildingscan reducethe posshbility
of dangeroussituationsthat confront firefighters.

Recommendation #3: Firedepartmentsshould
ensure that fires are not located in designated
exit paths.!
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Discussion: During atraining exercise, every effort
must be made to ensure the exit paths are free
from obstructions. To provide aprotected area of
travel, firesshould not belocated in thevicinity of
exit paths. Oncethe closet areain the burn room
wasignited, thefire continued toincreasein size,
which producedfire, heat and smokeintheexit path
of the only doorway intheroom.

Recommendation #4: Fire departmentsshould
ensure that a method of fireground
communication is established to enable
coordination among the I ncident Commander
and fire fighters.!

Discussion: The NFPA Standard 1403, 2-4.9, notes
that communication shall be established between the
Incident Commander andfirefightersperformingany
interior operations, sector leaders, and the safety
officer. Proper communication isamust at any
incident site. Portableradiosshould beusedto keep
al personnd onthescenein communicationwiththe
Incident Commander. The use of aportableradio
thatislocated inaradio coat or pantspocket impairs
the performance of theunit. Portableradiosshould
be held or used with a microphone and speaker
attached to thelapel of the coat, which allowsthe
firefighter to monitor and transmit aclear message.
In thisincident, Victim #1 had a portable radio;
however, it was kept in the pocket of his bunker
coat. Victim#2 did not haveaportableradio. During
theNIOSH interviews, several of theinterior safety
firefightersacknowledged that they wereunableto
hear their radios during theincident becausetheir
radioswereintheir pantsor bunker coat pockets.

Recommendation #5: Firedepartmentsshould
ensure that Standard Operating Guidelines
(SOGs) specific to live-fire training are
developed and followed. ©

Discussion: Standard operating guidelines (SOGs)
should bedeve oped specifically for training firesand
includeareassuch asfadility ingpection, fud materids,
RIT operations, SCBA, water supply, and hoseline
operations. These SOGswill thenformthefoundation
astohow thetraining will be conducted. The SOG
should be in written form and be included in the
overdl risk-management planfor thefiredepartment.
If these proceduresare changed, gppropriatetraining
should beprovidedto al affected members.

Recommendation #6: Firedepartmentsshould
consider using a thermal imaging camera
during live-fire training situations.”®

Discussion: Thermd imaging camerasmay assst fire
fightersby allowing them to see through blinding
smokeandinzerovishility conditions. Withthehelp
of athermal imaging camera, training instructors,
interior safety officers, andfirefightersmay observe
and critique participants, ensuring that they devel op
good foundational skills in areas including
accountability, conducting effective search patterns,
and handlingahaose. A thermd imaging cameramay
be an excellent tool to enhancetraining.

Advancesin technology allow athermal imaging
camera to be equipped with a wireless video
transmitter to provide an instructor, Incident
Commander, or other training participantswho are
outsdethe structurewith the opportunity to observe
traningactivities Thermd imaging technology dlows
theinstructor and interior safety officersto monitor
heat and fire conditionsinside the structure, which
could helpto keep the participantssafe. Of course,
firedepartmentsmust waysremember that thermdl
Imaging camerashavelimitationsand that technology
does not replace or alter basic safety procedures
andfirefightingtactics.
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Additiondly, States should consider thefollowing:

Recommendation #7: Develop a permitting
procedurefor live-firetraining to be conducted
at acquired structures. Statesshould ensurethat
all the requirements of NFPA 1403 have been
met before issuing the permit.1°

Discussion: NFPA 1403, Sandard on Live Fire
Training Evolutions, istheguiddinefor conducting
live-firetraining evolutions at approved training
centers, and in this case, acquired structures.
Approved training centers have burn buildingsthat
arespecificdly designedfor repeated live-firetraining
evolutions. Thestructuresthat areacquiredfor live-
firetraining areusually in disrepair and were never
designedfor live-firetraining. Any buildingthatis
acquired for live-firetraining must go through an
inspection process to identify and eliminate any
hazardsor potential hazardsthat may be present to
the participants, thepublic, and theenvironment. An
applicationfor permit procedurethat isoverseen by
the Statethroughlocd officidsor aStatefiremarshd
would help ensure safety. If training facilitieswith
approved burn buildingsareavailable, thenlive-fire
training exercisesshould not be conducted inacquired
structures.
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Photo 1. Front of structure used for live-fire training

Page9



Yy, . :
@’ ZUIM Fatality Assessment and Control Evaluation
Fire Fighter Fatality Investigation I nveSti ga[ive Report #F2002_34
‘ And Prevention Program
Career Lieutenant and Fire Fighter Diein a Flashover During a Live-Fire Training
Evolution - Florida

Photo 2. Burn room in the structure
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