Fire Fighter Fatality Investigation
and Prevention Program

Death in the
line of duty...

A Summary of a NIOSH fire fighter fatality investigation

July 25, 2002

Supermarket Fire Claims the Life of One Career Fire Fighter and
Critically Injures Another Career Fire Fighter - Arizona

SUMMARY

OnMarch 14, 2001, a40-year-old male career fire
fighter/paramedic died from carbon monoxide
poisoning and thermal burnsafter running out of air
and becoming disoriented while fighting a
supermarket fire. Four other firefighterswereinjured,
onecritically, whilefighting thefire or performing
search and rescuefor thevictim. Thefirestarted
near adumpster onthe exterior of the structureand
extended through openingsin theloading dock area
intothe storagearea, and theninto themain shopping
areaof thesupermarket. Thefireprogressedtofive
alarmsand involved morethan 100 personnel. Fire
fightersremoved the victim from the structure and
transported him to alocal hospital where he was
pronounced dead.

NIOSH investigatorsconcluded that, tominimizethe
risk of similar occurrences, fire departments should

* ensure that the department’s Standard
Operating Procedures (SOPs) are followed
and continuous refresher training is
provided

Aerial View of the Incident.

ensurethat a proper size-up, using common
terminology, isconducted by all firefighters
responsible for reporting interior/exterior
conditionsto thel ncident Commander (IC)

ensure that pre-incident plans are
established and updated on mercantile
occupancies in their district

ensure that fire fighters manage their air
supplies as warranted by the size of the
structure involved

instruct and train fire fighters on initiating
emergency traffic (Mayday-Mayday) and on
the importance of activating their personal
alert safety system (PASS) device when they
become lost, disoriented, or trapped

ensure that multiple Rapid Intervention
Crews (RIC) arein place when an interior
attack is being performed in a large
structure with multiple points of entry

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 specialiststo 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-NI OSH
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» consder placing fire fighter identification
emblems on the fire fighters' helmet and
turnout gear

» consder placing a bright, narrow-beamed
light at all entry portals to a structure to
assist lost or disoriented fire fighters in
emergency egress

Additiondly,

* Building ownersshould consider upgrading
or modifying structures to incorporate new
codes and standards to improve occupancy
and firefighter safety.

* Firedepartments should consider as a part
of their pre-incident planning, educating
the public they serve on the importance of
building owners, building personnel, or
civilians immediately reporting any fire
conditionstothefirst-arriving fire company
on the scene.

* Manufacturers and research organizations
should conduct research intorefining existing
and developing new technology to track the
movement of firefightersinsde structures.

INTRODUCTION

OnMarch 15, 2001, the International Association
of FireFighters (IAFF) and the United StatesFire
Administration notified the National Institutefor
Occupational Safety and Health (NIOSH) of the
incident. Thefiredepartmentinvolved alsonatified
NIOSH of the incident, and the Chief of the
department requested that NIOSH eva uatethe self-
contained breathing apparatuses (SCBAS) worn by
thevictimandthefour injuredfirefighters.

DuringMarch 25toApril 1, 2001, three occupationd
safety and health speciaistsfromthe NIOSH Fire

Fighter Fatality I nvestigation and Prevention Program
and the Chief of the Surveillance and Field
Investigations Branch investigated thisincident.
NIOSH investigatorsmet with the Chief and hisstaff,
the department firemarshd,, representativesfromthe
| AFF, acity attorney, and special agentsfrom the
Bureau of Alcohol, Tobacco and Firearms. The
investigatorsinterviewed officersand firefighters
involvedintheincident.

They reviewed the department’ sstandard operating
procedures (SOPs), the victim’'s and injured fire
fighters' training records, dispatch tapes and
transcripts, tactical and accountability worksheets,
and the department’ s report of the incident. The
investigators a so reviewed photographs, drawings,
andfloor plansof theincident site. They conducted
a site visit, and the site was photographed and

videotaped.

On March 28, 2001, aphysical scientist fromthe
NIOSH Division of Respiratory Disease Studies
conducted an eval uation of thedepartment’'sSCBA
maintenance program. Aspart of theinvestigation,
NIOSH agreed to examine and eval uate five 3000
psi, 30-minute, self-contained breathing apparatus
(SCBA). These SCBA werelast used during interior
fire-fighting operationsat astructurefireon March
14,2001. A summary of thereport isattached as

Appendix .

A follow-up visit was conducted by the three
occupational safety & health specidistsduring June
18 to 24, 2001, to interview the officers of the
command teaminvolvedinthisincident.

Thefiredepartment consistsof 1,549 employees, of
whom 1,258 are uniformed fire fighters. The
department has 45 stationsthat serve apopulation
of about 1.3 million in a geographical area of
approximately 477 squaremiles.
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Trainingand Experience. Thedepartment requires
al firefightersto completea12-week basictraining
program that meets the National Fire Protection
Asociation (NFPA) Levd | and Levd 1 certification.
Thevictim had 8 years of fire-fighting experience
andNFPA Level | and Leve |1 certification, and he
wasacertified paramedic. Thecriticaly injuredfire
fighter was a35-year-old mdefirefighter/paramedic
with4 yearsof experience. Threeother firefighters,
whowerenat critically injured, had thefollowing ages,
ranks, and yearsof experience: a40-year-old male
firefighter/paramedic, 12 years, a42-year-old mae
captain, 15years, and a44-year-old maefirefighter,
15years.

Equipment and Per sonndl.

1654 Hour s nitial Dispatch (Duetotypeof call
[dumpster firg], only oneengineoninitia dispatch)
Engine24 (officer, engineer, twofirefighters); Hazmet
4 (engineer [self-dispatched and added to cal]).

1658 Hour s—Balance 2-1

Engine21 (officer, engineer, twofirefighters); Engine
14 (officer, engineer, two firefighters[fatal victim
andonenon-criticadly injuredfirefighter; enginesdf-
dispatched and added to call]); Ladder 24 (officer,
twoenginears onefirefighter); Battaion Chief 3(chief
officer, oneassistant); Rescue 21 (twofirefighters
[self-dispatched and added to call]); Rescue 25 (two
firefighters). NOTE: Thisdepartment referstoa
rescue unit asan ambulance staffed with certified
fire fighters and fire-fighting equipment.

1700 Hours—Balance (Rapid Intervention
Crews[RICsg] dispatched)

Engine 3 (officer, engineer, twofirefighters); Rescue
3 (twofirefighters[Injured Fire Fighter #1]); Utility
Truck 1 (engineer).

1708 Hour s-BalanceFirst Alarm
Engine 34 (officer, engineer, twofirefighters); Engine
18 (officer, engineer, twofirefighters); Engine 25

(officer [non-critically injured], engineer, twofire
fighters); Engine 15 (officer, engineer, two fire
fighters); Engine4 (officer, enginesr, twofirefighters);
Engine 725 (officer, engineer, two fire fighters);
Engine 710 (officer, engineer, two firefighters);
L adder 26 (officer, two engineers, onefirefighter);
L adder 9 (officer, two engineers, two firefighters);
Ladder 1 (officer, two engineers, twofirefighters);
Battalion Chief 1 (chief officer, one assistant);
CommunicationsVan (engineer), Car 957 (safety
officer); Car 94 (division chief/safety officer); Car
56 (fire marshal). NOTE: Additional chiefsand
district safety officers also responded as a part
of thefirst alarm.

1725 Hour s—Second-alarm Companies
Engine 30 (officer, engineer, two firefighters[not
criticaly injured]); Engine 1 (officer, engineer, three
firefighters); Engine 6 (officer, engineer, twofire
fighters); Engine9 (officer, enginesr, twofirefighters);
Ladder 11 (officer, two engineers, onefirefighter);
L adder 20 (officer, two engineers, onefirefighter);
Battalion Chief 5 (chief officer, one assistant);
Battalion Chief 2 (chief officer, one assistant);
Battalion Chief 4 (chief officer, one assistant);
Battalion Chief 6 (chief officer, oneass stant).

Additional units were dispatched on subsequent
aarms; however, only those unitsdirectly involved
inthefatal event arediscussedintheinvestigation
section of thisreport.

Sructure. Thestructurewasa27,905-square-foot,
L -shaped supermarket that was part of astrip mall
(Diagram 1). The structure had a slab concrete
foundation and masonry block wallswith sted beams
and posts. Theroof system consisted of openweb
steel trusses covered with wood, foam, and tar
asphalt roofing. Theceiling height throughout the
supermarket and lower-level storage area was
approximately 20 feet. Second-floor platforms
located abovethe coolersand thefirst-floor storage
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areascontained officesand storageareas. Themain
entranceto the supermarket waslocated onthe east
side. Theonly other doorswereastandard 3-foot-
wide stedl exterior man-door and a6-foot-wide steel
roll-up door located on the south side. Thelayout
of the supermarket isillustratedin Diagram 2. The
supermarket was not equipped with a sprinkler
system. NOTE: The supermarket originally was
constructed outside the city limits. The building
was later annexed into the city but was not
required to have a sprinkler systeminstalled.

INVESTIGATION

On March 14, 2001, at 1654 hours, Engine 24
responded to areported exterior cardboardfireat a
supermarket. TheHazmat 4 engineer (whowasin
theareawnhilereturning fromanother call) arrived on
the sceneat 1657 hoursand duringinitial size-up
discovered the cardboard firewith exposureto the
building. Theengineer dsonotedthat andectrica
sarvicedropinto thesupermarket wasdirectly above
thefire(Diagram 1). Hazmat 4 requested that central
dispatch balance the alarm to a 2-1, and at 1658
hours, central dispatch balanced the alarm with
Engine 21, Ladder 24, Battalion Chief 3 (BC 3),
and Rescue 25. Engine 14 and Rescue 21 self-
dispatched and responded to the scene.

Engine 24 arrived at 1700 hours, and the captain
assumed command (incident commander [I1C]). The
Hazmat 4 engineer evacuated civilians from the
supermarket and surrounding storesinthestripmall.
BC 3 arrived on the scene and assumed the IC
position and reassigned the Engine 24 captain asthe
west sector officer. The Engine24 crew stretched a
handlineto the south side of the structureto attack
the cardboard fire (Photo 1). Becausethe service
drop wasarcing, the Engine 24 captain pulled his
crew away fromthebuilding, and the | C requested
central dispatch contact the power company to shut
down the power grid.

NOTE: The IC and first-arriving units were
unaware that the super market was L-shaped and
could be accessed from the east and south sides
of the building. The east side was the main
entranceto the shopping area of the super mar ket
and the south side—directly behind the clothing
and hardware stores-wasthelocation of the man-
door and roll-up door entrances to the main
storage area of the supermarket (Photo 2).

A supermar ket employee stated in a policereport
that because of the large amount of fire emitting
through the man-door and into the structure, he
had begun moving propane cylinders and other
merchandise away from the door before fire
fighters began arriving on the scene. While he
was moving the merchandise, the employee
became awarethat the fire had quickly spread to
theinterior andinto theroof members. According
to statements, this information was not reported
to the fire fighters upon their arrival.

At 1702 hours, Engine 21 and Engine 14 arrived on
the scene, followed by Rescue 25 and Ladder 24 at
1703 hours. Ladder 24 wasassgned theroof sector
to searchfor fireextensonandto ventilate. Crews
from Engine 21 and Rescue 21 checked the clothing
and hardware storesfor fireextensonand civilians.
Firefightersfound nofireextensionor civiliansin
either store; however, they found heavy smoke
conditionsin therear of the hardware store. The
Engine 14 crew, including thevictim, wereordered
into theeast sde (front) of the supermarket to check
for fireextensonandcivilians.

At 1707 hours, Engine 3 arrived onthe scene asthe
designated Rapid Intervention Crew (RIC). After
the Engine 3 officer reported heavy smokeemitting
from the west side of the supermarket, the IC
reassigned them to advance ahandlineinto the
bakery onthewest sideto check for fire extension.
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Because thefire had extended into the structure, the
| C requested that central digpatch balancetheinitial
cdl toafirstaarm.

Theéectrica power to the south sde of thebuilding
was shutoff, allowing crewsto gain accessthrough
theroll-up door. The officer from Engine 24 was
reassigned as south sector officer after reporting to
thel C that heavy smokewasemitting from thewal|
ventson thewest and south sides.

While Engine 14 crew memberswere searching the
supermarket in the main shopping area, they
encountered alight haze of smoke banked down to
aoproximately 4feet below thecalling. Intheproduce
preparation area, which led into the storage area,
they encountered athick, black smoke accompanied
by heat. At 1709 hours, the officer from Engine 14
reported the conditionsto the |C and informed him
that the Engine 14 crew was stretching ahandline
into the supermarket.

At 1711 hours, the crew from Engine 14, the officer
and two firefightersfrom Engine 3, and the crew
from Rescue 3 advanced two handlinesthrough the
east-side (front) entrance. At 1712 hours, thelC
ass stant confirmed to the | C that they had aworking
interior fire. The south sector officer reported to the
| C that crewsfrom Rescue 25 and Engine 24 were
advancing two handlinesthrough theroll-up door
into the torage area, wherethey encountered heavy
smoke banked downtofloor level. ThelC radioed
back acaution that Engine 14 was operating onthe
oppositesideof thestorageareaand that they should
be aware of opposing streams.

At 1714 hours, Engine 14, Engine 3, and Rescue 3
advanced ahandlineinto the produce storage area,
and Engine 3 advanced asecond handlinethrough
the supermarket toward the meat preparation room,
whichwaslocated dong thewest wall of thestructure
(Diagram 2). Conditions in the supermarket

deteriorated asthe structure began tofill with thick,
black smoke. Thecrew from Engine 14, an officer
andfirefighter from Engine 3, and afirefighter from
Rescue 3wereoperating inthe produce storagearea
(Photo 3). Another fire fighter from Rescue 3
(Injured Fire Fighter #1) and crew membersfrom
Engine 3 were on the second handline in the
supermarket. NOTE: The crew from Ladder 24
cut a 6-foot by 6-foot ventilation hole in the roof
over the storage area and then exited the roof
because they were running low on air.

At approximately 1719 hours, central dispatch
notified thel Cthat 25 minuteshad € gpsed. Additiond
crews were arriving on the scene, including the
Command Van with support staff. The South Sector
officer sent reportsof heavy heat and smokecoming
from the south-sector interior. At 1725 hours, the
IC radioed central dispatch and requested the
balance of asecond dlarm. ThelC beganassigning
on-sceneand arriving unitsto thewest exposureand
totheeast sdeof thestripmal in preparationfor the
trangtionfroman offensiveto adefensve operation.
Thecrewsfrom Engine 14, Engine 3, and Rescue 3
told NIOSH investigators that while they were
operating in the main supermarket, the produce
storagearea, and therear storage area, the heat was
intensifying and thethick, black smokewasbanked
downtofloor level. Afirefighter from Rescue3and
afirefighter from Engine 3, who wereinthemain
supermarket area, noticed that the fire along the
cellingwasintensifying. The crew membersfrom
Engine 14 andfirefightersfrom Engine3and Rescue
3, who were operating inthe produce storage area,
pulled calling and searched for fireextenson. Atthis
point, thevictimtold hisofficer that hewaslow on
air. The officer from Engine 14 pulled his crew
together and told them that they would follow the
handlineasacrew out of thebuilding. Another Engine
14 crew member a so reported to the of ficer that he
waslow onair.
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Theengineer whowasoriginally onthenozzleled
theexiting crew, followed by thevictim, a firefighter,
andtheofficer. Asthey werefollowing thehandline
out of the produce storage area, thevictim and the
firefighter following himfell over somedebrisand
became separated from the handline. Theofficer
from Engine 14 — still in the storage area—fell
backward over debrisand became disoriented, and
theofficer from Engine 3 put him back onthehandline
and sent himinthedirection of theexit. Meanwhile,
thevictim andfirefighter from Engine 14, both back
ontharfeet, wakedintoawal andfell again. NOTE:
It is believed that the victim and the Engine 14
fire fighter had stumbled into the main
supermarket shopping area and were moving
toward the meat preparation room. Asthevictim
began moving quickly about the shopping area, the
fire fighter grabbed his coat to stay with him.
Simultaneoudy, theEngine 14 officer’slow-ardarm
began to vibrate, and he ran out of air as he
approached the east (front) door. Asheexited, he
encountered the engineer from his crew who had
preceded thevictim and thefirefighter from Engine
14 onthehandline.

Thevictimandthefirefighter redized they werelost
and decided to radio aMayday. Thefire fighter
attempted toradio theMayday, but histransmission
was unsuccessful. The victim then successfully
radioed the Mayday on his radio. The IC
immediately radioed the Engine 18 and Ladder 9
crewsand ordered them to assumethe RIC duties.
Hearing theradio call, the officer from Engine 14
told theofficer from Engine21 tofollow thehandline
to theareawherehis crew had been operating.

Theofficer from Engine 14 sent thecrew from Engine
21 into the supermarket through the east (front) door
tosearchfor thelost firefighter. NOTE: TheEngine
14 officer thought that only one member of his
crew was unaccounted for. Thefirefighter from
Engine 14 became separated from the victim near

themeat preparationroom. Thefirefighter reentered
the meat preparation roomjust asheran out of air.
Heheard theradiosof other firefighters(officer and
firefighter from Engine 34) and moved toward them
inthemainstoragearea. Thefirefighter had become
debilitated by the smoke and was assisted out the
man-door on the south side of the building by the
officer and afirefighter from Engine34. Firefighters
assumed that they had rescued thevictim; however,
oncethefirefighter from Engine 14 wasremoved
fromthebuilding, firefighters soon realized that the
victimwasdtill insde. Thefirefighter from Engine
14 waslater transported to alocal hospital where
hewasadmitted for trestment of smokeinhalation.

At 1729 hours, thevictimradioed atransmissonto
the crews asking them not to back out because he
needed help. TheIC radioed back asking for his
location. Thevictimrepliedthat hewasintherear
behind something, out of air, and down ontheground
suckinginsmoke. ThelC advised himtostay cam
andtold himthat crewswereon their way to assist
him. At approximately 1730 hours, the officer from
Engine 21 heard someoneyelling inthevicinity of
theproduce storagearea. Ashefollowedthevoice,
heraninto thevictim, who was standing near one of
theinitia attack linesinthemain supermarket area.
Theofficer grabbedthevictim, asked himtoidentify
himself, and attempted to place him on thehandline.
Thevictim, who had removed hisregulator fromhis
facepiece because hewasout of air, wasresistive
and reportedly appeared disoriented. On asecond
attempt, the officer wasableto get thevictimon his
kneesand on the handline. Soon after, thevictim
stood up, turned, and quickly moved toward therear
of thesupermarket asthe Engine 21 officer attempted
to grab him and keep him on the handline. Itis
believed that the victim headed back toward the mesat
preparationroom. A firefighter from Rescue 3who
wasinthemansoragearea, uponhearingthevictim's
voice, headed toward the sound and ran into the
victim just outside the swinging door that led from
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themain storageareainto themest preparation room.
Thevictimtold the Rescue 3firefighter that hewas
out of air, and thefirefighter told himto stay calm
andfollow him. Thevictim turned and headed avay
fromthefirefighter toward themest preparationroom
asthefirefighter grabbed thevictimand told him
that he was going the wrong way. Asthevictim
turned, heknocked the Rescue 3 firefighter down
and the two became separated. Returning to his
feet, thefirefighter tried tofind thevictim but ran out
of air and wasforced toleavethebuilding.

NOTE: During thistime, the IC made numerous
attempts to contact the victim to tell him to
activate hisPersonal Alert Safety System (PASS);

however, thevictimdid not respond. Injured Fire
Fighter #1, who was|ow on air, was about to exit
when he heard the victim’ svoice coming from the
direction of themest preparationroom. Hefollowed
thevictim’svoiceuntil hemet up withthevictimin
the meat preparation area. Injured Fire Fighter #1
radioed the IC at 1734 hoursthat he had found the
victim, that they were by themselves, and that they
wereboth out of air. Injured Fire Fighter #1 ran out
of air, partialy removed hisfacepiece, and pulled his
hood over hisface. NOTE: At this point, Injured
Fire Fighter #1 was near the meat cooler while
the victim was about 8 feet away in the meat
preparationroom(Diagram3). Thevictim'sPASS
was not sounding at thistime. At 1735 hours, the
|C ordered firefightersto break out (ventilate) the
windowsontheeast (front) side.

At 1736 hours, the | C believed that the victim had
been rescued and removed fromthebuilding. This
“victim” wasredlly thefirefighter from Engine 14
who had beenwith thevictim. ThelC ordered all
firefightersout of the building because he ordered
fire-fighting operationsto changefrom offensiveto
defensive. Note: After crewsexited the building,
flames engulfed the east side of the super market,
preventing any further entry through the east

(front) door. Fromthis point forward, all rescue
crews entered and exited through the two doors
on the south side of the building. Safety officers
posted at the man-door and roll-up door
controlled access and assignments of rescue
crews. Theofficer from Engine 25, now operating
inthemain storage area, followed apath to the meat
cooler and found Injured Fire Fighter #1 (Diagram
3and Photo4). Theofficer radioed thelCthat he
had one fire fighter down and that he needed
assistance. Theofficer madeasecond transmission
that heand his crew had found the victim and that
they were bringing him out. NOTE: When the
Engine 25 officer referred to Injured Fire Fighter
#1 as “ one fire fighter down,” his crew and IC
believed that he was referring to the victim, not
another downed fire fighter. The officer passed
Injured FireFighter #1 to hiscrew inthemain storage
area, and they took himout of the building through
one of the doors on the south side. Note: A fire
fighter, who was among the fire fighters outside
the building, recognized that Injured Fire Fighter
#1 was not the victim. The officersand |C then
realized that the victimwas still inside. At 1739
hours, thelC ordered dl firefightersoff theroof and
out of thebuilding becausethey weregoing defensive
assoon asthevictimwasout. NOTE: Beforethe
Engine 25 officer passed Injured Fire Fighter #1
tohiscrew, Injured Fire Fighter #1 told the officer
that thevictimwasnearby. Asthel C wasordering
firefightersout, the Engine 25 officer |ocated the
victiminthemesat preparationroom. Thevictimwas
unresponsive, and hisPASS device was sounding.
TheEngine 25 officer, whowasaonewiththevictim,
made an emergency transmission that was not
received by thelC. At 1740 hours, an officer from
Engine 4 heard thetransmission and radioed that a
firefighter wasdown inthe southwest corner. The
Engine 25 officer, unableto movethevictim, ran out
of air, removed his facepiece and regulator, and
attempted to crawl out of the building.
Simultaneoudy, crewsfrom Engine6 and Engine 710
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entered the south side of the building and proceeded
toward the produce storage area. Ascrew members
from Engine 6 neared the produce storage area, they
heard aPA SS device sounding fromtheir left (meat
preparationroom). TheEngine6 crew encountered
the officer from Engine 25 (hisPASS device was
not sounding) and passed himtotheEngine 710 crew,
who assisted him out of thebuilding. TheEngine25
officer, thethird firefighter to becomeinjured, was
trangported to aloca hospital and treated for smoke
inhaation.

The Engine 6 crew continued toward the sounding
PASSdeviceandfoundthevictimlying unconscious
on hisback with hisfacepiece partially removed.
They checked thevictim for apulseand could not
findone.

Numerous crews participated intheremoval of the
victimfromthebuilding. Frefighterswerehampered
intheir removad effortsby thevictim’'ssize (hewas6
feet, 4inchestal, and heweighed about 289 pounds
[inadditiontotheweight of hisgear]) and theamount
of debrisblocking their path through themain storage
areato the south-sideroll-up door. Approximately
19 minutes el gpsed from the point when firefighters
found the unconsciousvictim to the point when the
victimwasremoved fromthebuilding. Firefighters
immediately began cardiopulmonary resuscitation
(CPR) and advanced lifesupport (ALS) onthevictim
at the scene.

Injured Fire Fighter #1 (thecritically injured fire
fighter from Rescue 3), wastransported to alocal
hospital for treatment of smokeinhalation. Atthe
hospita, hiscarboxyhemoglobinlevel wasmeasured
at 29 percent. Three other fire fighters who had
suffered smokeinha ation—afirefighter from Engine
14, an officer from Engine 25, and afirefighter from
Engine 30—were treated at a local hospital and
released.

CAUSE OFDEATH

Themedical examiner listed the victim’'s cause of
death asthermal burnsand smokeinhaation. The
victim’s carboxyhemoglobin level waslisted at 61
percent at thetime of death.

RECOMMENDATIONS/DISCUSSION
Recommendation #1: Fire departments should
ensure that the department’s Standard
Operating Procedures (SOPs) arefollowed and
continuous refresher training is provided.

Discussion: Thepurposeof thedepartment’sSOPis
toaccount for dl firefightersonthefireground. This
SOP providesthe command staff ameansto track
and account for al fire fighters. The following
guidelineswithin this SOP should befollowed:

* All companies should follow orders, stay
together, and report any changesto the Incident
Commander. This will alow the Incident
Commander to maintainan accuratetrackingand
awareness of whereresources are committed at
anincident and theaccountability of al personndl.

»  Sector officersare assigned as needed and the
sector officers respond accordingly. Sector
officers are responsible for maintaining an
accurate tracking and awareness of crews
assigned to them. Thiswill requirethe sector
officer to be in his/her assigned area and
maintai ning closesupervision of assgned crews.

e Company officers shall maintain a current
electronic roster of personne responding onthe
apparatus.

* All crewswill work for Command or Sectors—
nofree-lancing.

* Crewsarivingonthesceneshould remainintact.
Two or more members will be considered a
minimum crew size. Each member must havea
radio.

* All crews entering a hot zone must have a

supervisor.
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* All crewswill gointogether, stay together, and
come out together. Reduced visibility and
increased risk will requirevery tight togetherness.

* ThelCisimmediately notified of any firefighters
who are not accounted for.

» Freconditionsand strategiesare continuously
evauated.

» Hrefightersmakeclear reportswhenaMay Day
istransmitted.

* Lostor trappedfirefightersmanually activate
their PASSdevice.

» Firefightersalwaysremainin contact with the
hosdineor lifelineand useit asaguideto exit.

*  Firecompaniesshould complete pre-incident
plans.

Refresher training should be provided to all fire
fightersonaregular basisor asneeded when changes
are madeto the department’s SOPs.

Recommendation #2: Fire departments should
ensure that a proper size-up, using common
terminology, is conducted by all fire fighters
responsible for reporting interior/exterior
conditionsto the Incident Commander (IC).*?

Discussion: A size-up should beasystematic process
to determinethecritical fireground factorsthat lead
to the strategy and development of attack. Thesize-
up should consist of observing thefireground factors,
arisk management plan, determining the proper
strategy, developing an Incident Action Plan (IAP)
and the deployment of personnel. A proper size-up
canonly beconducted by firefightersthat aretrained
toidentify acommon understanding of fireconditions
(interior/exterior) and are ableto communicatethe
findings using standardized terminology that is
understood by all firefighters. Thesize-up should
not be delayed or be atime-consuming process but
should continuethroughout operations. Theinitial
sze-upwill provideinformationtothel Cthat will be
crucia for determining the appropriate action.

When dealing with large structures, such asastrip
mall, al firefighters should conduct their ownsize-
upfor their persona safety. When conductingasize-
up, dl firefightersshould beawareand report tothe
IC any condition or variable that could possibly
affect thestrategy. For example, whentheroof crew
gets on the roof and finds that the building
incorporatesafirewall, the officer or firefighters
shouldimmediately radio the I C and report where
thefirewall isand whereit goes. Thiswill provide
information to help the 1 C determinethelayout of
theinterior sectionsof thelarge structureor inthis
case, stripmall.

Just asimportantly, an interior size-up should be
conducted by an officer or senior firefighter and
reported to the IC. Since the IC is staged at the
command post (outside), the interior conditions
should be communicated as soon as possibleto the
IC. Interior conditionscould changethel C’ sstrategy
or tactics. For example, if heavy smokeisemitting
fromtheexterior roof system, but firefighterscannot
findany fireintheinterior, itisagood possibility that
thefireisabovethemintheroof sysem. Itisimportant
for the Incident Commander toimmediately obtain
this type of information to help make the proper
decisions.

A proper size-up beginsfromthemoment thealarm
isreceived, and it continuesuntil thefireisunder
control. Several factors must be evaluated in
conducting thesize-upSe.g., typeof structure, time
of day, contents of the structure, potential hazards,
etc. Thesze-upshouldasoincluderisk versusgain
duringincident operations. Thefollowing factorsare
important condderations:

1. Occupancy type involved and rescue
possibilities. The type of occupancy can have a
great effect on the aspects of the fire attack. The
type of occupancy could assist in determining the
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structure’s layout, hazardous materials, and the
possibility of civilians(e.g., civilianswill be present
inahospital around the clock).

2. Smoke conditions. The smoke conditions can
providethe Incident Commander with additional
information about thefire. For example, if thefireis
intheroof and burning roofing materids, the smoke
would probably appear to bethick and black.

3. Typeof construction. Thetypeof construction
will beone of the most important areasto identify.
Thetype of structure could provide the Incident
Commander information such ashow thebuilding
may hold up under fireconditionsor if thebuildingis
generaly subject to collapse under fireconditions.
4. Typeof roof system. Theroof system should be
oneof thefirst thingsthat isdetermined beforefire
fightersenter aburning structure. Onetype of roof
systemisthelightweight trussroof. The structural
god of thelightwel ght trussisto distributeloadsover
alargearea.

5. Age of structure. The Incident Commander
should ascertain the age of the building when
determining strategy or tactics. The age of the
structure can providethelncident Commander with
informationto help determinethebuilding' sintegrity
or other vital information such as construction
methodsor construction materials.

6. Exposur es. The Incident Commander should
evaluate the whole picture. The protection of
exposures near or connected to aburning building
should beincludedinthestrategic plan.

7. Timeconsider ations. Information such astime
of incident, timefirewasburning beforearriva, time
firewasburning after arrival, and type of attack, is
someof themost important information the I ncident
Commander should have.

Recommendation #3: Fire Departments should
ensure that pre-incident plans are established
and updated on mercantile occupanciesin their
district. 3

Discussion: NFPA 1620 statesthat “ Pre-incident
planninginamercantile occupancy involvesnot only
theemergency responders, but adminigtrators, section
or department supervisors, and other staff members.”
Theprimary purposeof apre-incident planistohelp
responding personnel effectively manage
emergencieswith availableresources. Pre-incident
planning involvesidentifying the protection systems,
building construction, contents, and operating
proceduresthat canimpact emergency operations.
The congtruction of thebuilding intermsof thesize
of thebuilding (both vertical and horizontal), building
features(firewalls, fire barriers, roofs, and floors),
access points, areaswhere products of combustion
could spread dueto alack of structural barriers(e.g.,
stock areas), and building services, should be
determined. Strip shopping centers or rows of
atached mercantileoccupancieshavecommonwals.

Most occupancies present an ever-changing
environment making ongoing maintenanceof thepre-
incident plan ascritical astheorigina development
of theplan. Whereconditionsindicatethat achange
inapre-incident planiswarranted, the plan should
be updated and distributed to the gppropriate persons
and agencies.

A systemto utilize the pre-incident plan should be
designed to alow accessto the plan, or asummary
with key elements of the plan, whilein route and
during theincident. Some supplemental detailed
information such asbuilding planscanbekeptina
lock box or other secured area.

Recommendation #4: Fire departments should
ensure that fire fighters manage their air
suppliesaswarranted by the size of thestructure
involved. *

Discussion: Air consumption will vary with each
individua’sphysica condition, thelevel of training,
the task performed, and the environment.
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Depending ontheindividua’sair consumptionand
the amount of time required to exit a hostile
environment, the low air alarm may not provide
adequatetimeto exit. Working in large structures
(highrisebuildings, warehouses, and supermarkets)
requirethat firefightersbe cognizant of thedistance
traveled and the time required to reach the point of
suppression activity from the point of entry. When
conditions deteriorate and the visibility becomes
limited, firefightersmay find that it takesadditional
timeto exit when compared to thetimeit took to
enter thestructure.

Recommendation #5: Fire Departmentsshould
instruct and train fire fighters on initiating
emergency traffic (Mayday-Mayday) and on the
importance of activating their personal alert
safety system (PASS) device when they become
lost, disoriented, or trapped. ®

Discussion: Assoon asafirefighter becomeslost or
disoriented, trapped or unsuccessful at finding his/
her way out of ahazardoussituation (e.g., interior of
structurefire), he/she must recognize that fact and
initiate emergency traffic. He/sheshould manually
activate higher personal dert safety system (PASS)
deviceand announce“ Mayday-Mayday” over the
radio. A “Mayday-Mayday” call will receivethe
highest communications priority from Dispatch,
Incident Command, and all other units. The sooner
Incident Commandisnotified andaRICisactivated,
thegrester thechanceof thefirefighter being rescued.
Firefightersshouldinitiate emergency trafficwhile
they arestill capableand not wait until they aretoo
weak or low onair tocall for help.

Recommendation #6: Fire departments should
ensure that multiple Rapid | ntervention Crews
(RIC) are in place when an interior attack is
being performed in a large structure with
multiple points of entry.5 7

Discusson: Typicdly, aRICisdesgnated to stand by
andmonitor adtivity incaseanemergency Stuationshould
occur. ARIC should cong gt of at least twofirefighters
and should beavailablefor rescueof afirefighter ora
teamif theneed arises. I1twould beided tohaveafull
company or aminimumoaf four firefightersmekeupthe
RIC; however, thismay not bepossbledueto saffing
issues. Inlargestructures, multiple RICsshould be
established and possibly positionedindifferent sectors.
When RICsenter large structures, they may usethe
majority of their air supply tryingtolocateaninjured,
down, or disoriented firefighter. For thisreason, backup
RICsshould beinplacetoreplacetheinitiad RICwhen
they exit. The RICsshould befully equipped withthe
gopropriate protectived othing, protectiveequipment,
CBA, andany speddized rescueequipment that might
be needed, given the specifics of the operation
underway. OnceaRI Cisestablished, they shouldreman
theRICthroughout thegperation. They should condantly
survey the fireground operations and be in
communicationa al timeswiththel C and companies
onthefireground. Asfireground operationscontinue,
theRICteamsshould observethefollowing:

« wherefirefightersareentering and exiting

* how many firefightersareinsde

« wherethefirefightersareoperating

« what operationsaretaking place

» thelayout of thestructure

» thestructure(i.e., trussed roof, metal roof, etc.)
and hazardsthat could exist with the structure
(i.e., possible collapse aress, etc.)

* hazardsthey might encounter (i.e., chemicals,
tanks, etc.)

» thefire'scondition (i.e., firespread, fireinthe
roof, etc.)

» if anemergency occurs, what will betheir best
routeto enter or exit

*  what equipment they will need if an emergency
occurs(i.e., airbags, hydraulicjacks, additiond
air bottles, etc.)
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Eachinddentisdifferent, and additiond concernsshould
adsobetakeninto consderation. Many functionsare
expected from the RIC membersduring anincident.
If an emergency occurs, the RIC(s) should havefull
air bottles, a good understanding of the overall
Situation, and be ableto respond in asafe manner to
performthesearch or rescue. If theRICisused for
an emergency operation, asecond RIC should be
put in placein case an additiona emergency should
occur. Note: Firedepartments should ensurethat
they assess all risk factors when making the
decision to send a RIC into a structure that has
already been the scene of an emergency
evacuation, search, or rescue.

* Firefighters should consider using a hose
line or a rope bag with luminescent lights
to mark a victim’'s location if an injured or
down firefighter cannot beremoved andfire
fighters have to exit without the victim.

A part of the RIC’ sequipment should beahoseline
or ropebag with luminescent lights. Whenaninjured
or down firefighter islocated by aRIC and they
cannot removethefirefighter, ahoselineor rope
bag with luminescent lightscould be used to mark
thevictim’slocation for other RICstofollow. If the
victim’s PASSdevice has been turned off to protect
communications, the RICs should ensurethat the
PASSisreactivated when rotating out.

* Fire departments should ensure that fire
fighters receive continuous training for
search-and-rescue operations.

RICswill be mostly responsible for search-and-
rescue operations; however, it may behardto predict
whothe RIC will bein some cases. For thisreason
all fire fighters should be familiar with the RIC
operations and the different situations they may
encounter. Firefightersshould begiventrainingto
save other fire fighters and/or themselves in

emergency stuations. When afirefighter becomes
injured, low onair, disoriented, or isexposed to high
levelsof carbon monoxide, itishard to predict how
thefirefighter may react. Thisshould becoveredin
thetraining and aplan of action should be devel oped
and implemented to deal with such rescues.
Alternatively if gaffingisavailable, firedepartments
should designate rescue companies whose main
purposeonthefiregroundisto support fireoperations
and conduct search and rescue of firefighters.

Recommendation #7: Fire departments should
consider placing fire fighter identification
emblemson thefirefighters helmet and turnout
gear.®

Discussion: When firefightersenter smoke-filled
structuresthevishbility isusualy very poor, thereby
reducing thepossibilitiesof easily identifying each
other. Some fire departments color code their
helmetssofirefighters, officers, or thechief can be
eadly identified onthefireground. Firedepartments
can dso usename, number, or company emblemsto
identify eachindividud firefighter onthefireground.
Thiscould assist firefighterson thefireground to
identify alost or disoriented firefighter.

Thefiredepartment involvedinthisincident provides
gtation uniforms (T-shirts) that arelabeled with each
firefighter’'sname. Duringthisincident, rescuecrews
removed the T-shirts from the unconscious fire
fighter (Injured FireFighter #1), making it difficult to
determinewho therescued firefighterswere.

Recommendation #8: Fire departments should
consider placing a bright, narrow-beamed light
at all entry portalsto a structure to assist lost or
disoriented fire fightersin emergency egress.®

Discussion: In adark, smoky environment, fire
fightersoften becomelost or disoriented, and al too
often they are unableto escape. A bright, narrow-
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beamed light at the entry point could possibly assst
firefightersinemergency egresssituations, i.e., when
lost or disoriented. Past NIOSH investigationshave
revededthat alight placed a theentry portalsassisted
somefirefightersin emergency egresssituations.

Additiondly,

Recommendation #9: Building owners should
consider upgrading or modifying structures to
incorporate new codesand standardsto improve
occupancy and fire fighter safety. 1©

Discussion: Building codesand standardshave been
developed which are used as guidelines for new
building design and construction. Unfortunately,
before municipalitiesadopted or enforced specific
codesand standards, many buildingsweredesigned
and constructed without incorporating such
standards. New or improved codes have been
established which canimprovethe safety of existing
structures. Sprinkler systemsare one specific area
of concern for large structures. It is proven that
sprinkler systemsreducetheloss of property and
life. Thereisaso astrong possibility that sprinklers
couldreducefirefighter fatditiessincethey contain,
and even extinguish, firesbeforethearrival of the
firedepartment. Sprinklersare currently the most
proactive fire safety approach in building
congtruction. Thestructureinvolved inthisincident
did not have asprinkler system.

Recommendation #10: Fire departments should
consider as part of their pre-incident planning,
educating the publicthey serve on theimportance
of building owners, building personnel, or
civiliansimmediately reporting any fireconditions
to thefirst-arriving fire company on the scene. 3

Discussion: Firegrowth or conditionsisone of the
most important pieces of information for thefirst-
arriving firecompany on the scene of any fire. If

possi ble, the person who witnessed thefire should
stand by inasafelocation until thefirst arriving fire
company arrivesonthescene. NFPA 1620, 2-3.3,
suggeststhat the pre-incident plan should provide
for availablefacility personnel to adviseresponding
personnel of current conditionsupon arrival. The
current conditions reported would include; the
location of thefire, the approximate timethefire
started, thefire’ sgrowth, thefire’'scondition, and if
possible, thelayout of thestructure. Thiswill help
thefirefightersdecidetheir tacticsand strategy to
attack thefire.

The standard operating procedures for this
department recommend that fire companiesshould
complete pre-incident plans.

In this incident, a supermarket employee had
witnessed the fire and begun removing itemsfrom
therear storeroom asthefire department responded.
The witness removed several items from the
storeroom before seeing thefirego up thewall and
intotheceiling. Thewitnessthen exited, and seeing
that thefire department had arrived, did not report
theconditionsto any firedepartment personne.

Recommendation #11: Manufacturers and
research organizations should conduct research
into refining existing and developing new
technology to track the movement of firefighters
inside structures.

Discussion: Firefighter fatalitiesoften aretheresult
of firefightersbecoming lost or disoriented on the
fireground. Theuse of systemsfor locating lost or
disoriented fire fighters could be instrumental in
reducing the number of firefighter deaths on the
fireground. One such system, awirelesstracking
system, requires|ocating three accurately placed
spread-spectrum transmittersaround abuilding to
providepositioning information. Other systemsmay
includeaUHF Radio system or an Infrasound Low
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Freguency Detector. Researchintorefining existing
systems and developing new technologies for
tracking the movement of fire fighters on the
fireground should continue.
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APPENDIX |

Thefollowing appendix isasummary of NIOSH Task No. TN-11895. For afull report, including
photos, tables, and diagrams, contact NIOSH, Division of Respiratory Disease Studies, Respirator
Branch at (304) 285-5907.

Investigator I nformation

The SCBA inspectionsand performancetestswere conducted by and thisreport waswritten by
ThomasMcDowell, General Engineer, Respirator Branch, National Personal Protective Technology
Laboratory, National Ingtitutefor Occupationa Safety and Health, located in Morgantown, West
Virginia

Background

As part of the National Institute for Occupational Safety and Health (NIOSH) Fire Fighter
Fatality I nvestigation and Prevention Program, the Respirator Branch agreed to examine and
evauatefive Scott Health & Safety (Scott) 3000 psi, 30-minute, self-contai ned breathing apparatus
(SCBA). These SCBA werelast used duringinterior firefighting operationsat astructurefireon March
14, 2001.

ThisSCBA statusinvestigation wasassigned NIOSH Task Number TN-11895.

Two of thefive SCBA, each secured initsown black carrying case, were delivered to the NIOSH
Appalachian Laboratory for Occupationa Safety and Health (ALOSH) by representativesof thefire
department on March 21, 2001. Theremaining three SCBA were shipped to NIOSH viaFederal
Express. Thethree SCBA, asoinindividual carrying cases, arrived at NIOSH on May 23, 2001.
Uponarriva, al five SCBA weretaken to the Firefighter SCBA Evaluation Lab (Room 1520) and were
stored under lock until thetime of the evaluations.

SCBA I nspections

The contents of each SCBA carrying case wereinspected by ThomasMcDowell, Genera Engineer, of
the Respirator Branch, National Personal Protective Technology Laboratory (NPPTL), NIOSH. Each
case contained one Scott Air-Pak® 3.0 SCBA. The SCBA wereexamined individually, component by
component, in the condition asreceived to determine their conformanceto the NIOSH-approved
configuration. Theentireinspection processwasvideotaped.

Thefirst casefrom thefire department was opened on March 21, 2001, in Room 1520 of theALOSH
Building. Theinspection of thefirst SCBA (referred to asUnit #1[victim’sunit]) was completed that
day. Theinspection of Unit #1 waswitnessed by the representativesfrom thefire department. The
second case was opened | ater that sameday. Theinspection of Unit #2 (Injured Fire Fighter #1) was
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initiated after the representativesfrom thefire department had | eft for theday. Theinspection of Unit#2
was completed onApril 27, 2001. Thethird unit wasremoved fromits case and inspected on July 2,
2001. Unit#4 wasremoved fromitscaseand inspected on July 3. Thefifth unit wasremoved fromits
case and inspected on July 9.

SCBA Testing

Testing of Unit#1 wasinitiated on March 22, 2001. Therepresentativesfrom thefire department
witnessed the six performanceteststhat were compl eted that day. A seventh performancetest (the
Exhalation Breathing Res stance Test) was conducted on Unit #1 thefollowing day after the
representativesreturned home. Performancetesting of Unit#2 wasinitiated and completed onApril 30,
2001. Unit#3wastested on July 10 and 13, 2001. Unit #4 wastested on July 11 and 13. Unit #5
wastested on July 12 and 13.

Thefive SCBA weretested in the conditions asreceived from the City of Phoenix Fire Department with
thefollowing noted exceptions:

. Unit #2 wasdelivered to NIOSH with two regulators. Theregulator identified asbelongingto
Unit #3 was attached to theregulator hoseon Unit #2. Theregulator identified asbelonging to
Unit #2 was attached to the Unit #2 facepiece. At thetime of theinspection of Unit #2, the Unit
#3 regulator was disconnected from the Unit #2 regul ator hose and stored in Room 1520 until
thetimeit wasinspected a ong with the other componentsof Unit#3. The Unit #3 regul ator
was used during thetesting of Unit #3.

. Thecompressed air cylinder on Unit #3 wasfound to be too damaged to safely pressurize.
Therefore, theundamaged compressed air cylinder from Unit #4 was used during the
performancetesting of Unit #3.

. Unit #5 was shipped to NIOSH without acompressed air cylinder. The compressed air
cylinder from Unit #4 was used during the performancetesting of Unit #5.

The purpose of thetesting wasto determine each SCBA's conformanceto the approval performance
requirements of Title42, Code of Federal Regulations, Part 84 (42 CFR 84). Further testing was
conducted to provide anindication of each SCBA’s conformanceto the Nationa Fire Protection
Association (NFPA) Air Flow Performance requirements of NFPA 1981 - Sandard on Open-Circuit
Self-Contained Breathing Apparatus for the Fire Service, 1997 Edition.

Thefollowing performancetestswere conducted on each of thefive SCBA.:

NIOSH SCBA Certification Tests(in accordance with the performancerequirementsof 42 CFR

84):
. Positive Pressure Test [42 CFR84.70(a)(2)(ii)]
. Rated Service TimeTest (duration) [42 CFR 84.95]
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. GasFlow Test [42 CFR 84.93]

. Exhaation Breathing Resistance Test [42 CFR 84.91(¢)]

. Static Facepiece Pressure Test [42 CFR 84.91(d)]

. Remaining ServiceLifelndicator Test (low-air darm) [42 CFR 84.83(f)]

National FireProtection Association (NFPA) Tests(in accordance with NFPA 1981, 1997
Edition):
. Air Flow Performance Test [NFPA 1981, Chapter 6, 6-1]

SCBA Test Results

Each of thefive SCBA met therequirementsof all six selected NIOSH testsperformed. Additionaly,
all five SCBA met the facepiece pressure requirements of the NFPA Air Flow Performance Test.

Personal Alert Safety System (PASS) Devices

Each of thefive SCBA wasequipped with anintegrated Personal Alert Safety System (PASS) device.
During the SCBA evaluations, the PA SSdeviceswere activated both manually and automaticaly. The
PASSdeviceon Unit #2 did not function. The PASSdeviceson Units#1, #3, #4, and #5 appeared to
function properly in both modes. Because NIOSH doesnot test or certify PASS devices, no further
testing or evaluationswere conducted on the PASSunits.

Summary and Conclusions

Five SCBA were submitted to NIOSH by thefire department involved in thisincident for evaluation.
Two of the SCBA weredelivered to NIOSH on March 21, 2001. The other three unitswere shipped
to NIOSH viaFederal Express. Thethreeunitsarrived at NIOSH on May 23, 2001. The SCBA
ingpectionswereinitiated on March 21, 2001. Theinspection of thelast of thefive SCBA was
completed on July 9, 2001. All fiveunitswereidentified as Scott Air-Pak 3.0, 30-minute, 3000 psi,
SCBA (NIOSH approva number TC-13F-366). All five SCBA havethe appearance of having seen
considerableuse. However, with the exception of the compressed air cylinder on Unit #3, all
componentson thefive unitswerein good shape and functional. The SCBA weredeterminedtobeina
condition safefor testing.

Thefiveunitswere each subjected to aseries of seven performancetests. Testing began on March 22,
2001, and was completed on July 13, 2001. No maintenance or repair work was performed on the
SCBA at any time. Becausethe compressed air cylinder on Units#3 was damaged, and because Unit
#5 was shipped to NIOSH without acompressed air cylinder, the cylinder from Unit #4 was used
during all performancetestson Units#3, #4, and #5. All five SCBA met therequirementsof al six
selected NIOSH testsperformed. Additionally, dl five SCBA met thefacepi ece pressurerequirements
of the NFPA Air Flow Performance Test.
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Inlight of theinformation obtained during thisinvestigation, the | nstitute has proposed no further action
at thistime. Followinginspection and testing, thefive SCBA werereturnedto their carrying cases,
sealed, photographed, and then returned to the Arizonafire department viaFedera Express. The
SCBA were shipped from NIOSH on July 13, 2001.
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