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SUMMARY

On October 13, 2001, a28-year-old malevolunteer
firefighter (thevictim) drowned during amulti-agency
dive-rescueexercise. Thediveexerciseincludeda
dive coordinator, an assistant dive coordinator, and
sevendivers. Thesiteof theincident wasaman-
madelakethat isowned and maintained by aprivate
club. The dive coordinator and assistant dive
coordinator had sunk aboat and two mannequinsin
thelaketo simulate aboating incident. Four of the
divers includingthevictim, wereonther seconddive
when the victim failed to surface. Dispatch was
notified of themissing diver, and additional search-
and-rescue crewsresponded to the scene with two
rescue boats. Thevictimwasfound intheareaof
hislast known location, approximately 1 hour and
15 minutes after hewaslast seen by hisdivepartner.
Hewastransported to alocal hospital wherehewas
pronounced dead.

NIOSH invegtigatorsconcluded thet, to minimizethe
risk of similar occurrences, fire departments should

Aerial View of Incident Scene

e develop, implement, and enforce standard
operating procedures (SOPs) regarding
diver training

* ensure that each diver maintains
continuous visual, verbal, or physical
contact with his or her dive partner

* ensure that a backup diver and a ninety-
percent-ready diver arein position to render
assistance

* ensure that the dive coordinator stays
informed about theratesof air consumption
by divers

* providediverswith refresher training on the
hazardsof lung overexpansion injuriesand
prevention measures

INTRODUCTION

On October 13, 2001, a28-year-old malevolunteer
firefighter (the victim) drowned during amulti-
agency dive-rescueexercise.

The FireFighter Fatality Investigation 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 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 cal toll free 1-800-35-NI OSH
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TheNational Institutefor Occupationa Safety and
Health (NIOSH) was notified of thisincident on
October 16, 2001, by thefire department involved
in this incident and the United States Fire
Adminigtration. OnNovember 13, 2001, two safety
and occupationd hedth specidistsfromthe NIOSH
Fire Fighter Fatality Investigation and Prevention
Programinvestigated thisincident. Meetingswere
conducted with the Chief of the department, the
county coroner, theattorney representing variousfire
departments involved in this incident, and the
administrative coordinator for thefire department.
Officersand firefightersdirectly involved inthe
exercise and the search-and-recovery operation
were interviewed. The NIOSH investigators
reviewed the county sheriff’s police report, the
emergency medical service (EMS) report, the
medical examiner’sreport, thefiredepartment’sdive
rescue standard operating guidelines (SOGs), an
inventory of thevictim’sdive equipment, medical
records, and histraining records. A sitevisit was
conducted and theincident scenewas photographed.
Areview of the County Sheriff’spoliceinvestigative
report, health records, and thevictim’sautopsy report
was performed by a U.S. Navy Diving Medical
Officer (expert review) upon request by NIOSH
investigators. Though medical findings were
inconclusive, themedica examiner andthereviewing
medical officer noted the possibility that an air
embolism may have contributed to thedrowning.

At therequest of the victim'sfire department, an
evaluation of the victim’s dive equipment was
conducted by the U.S. Department of the Navy’s,
experimental divingunit. Anevauationof anair
samplewastaken fromtheair tank and foundto be
free of any contaminants. The buoyancy
compensator (BC) wastested and found towork as
designed. Testsof theregulator system showed that
it did not meet manufacturer’s specification for
cracking pressure (pressurerequired in the second-
stageregulator toinitiateair flow), and delivered a

large amount of air with minimal effort. It is
inconclusive whether the poorly regulated air flow
fromtheregulator contributed to thevictim running
out of air.

Thesiteof theincidentisaman-madelakethat is
owned and maintained by aprivateclub. Thelake
has acontrolled access gate on theroad leading to
the beach. The staging area for the dive-rescue
exercise wasasandy beach with apaved parking
area, aboat ramp, and arestroomfacility. Records
of thedepthsand size of thelakewerenot available
a thetimeof theinvestigation. Theareaof thelake
wherethediveswere conducted was approximately
50 feet deep. Thewidth of thelakeat theincident
steisapproximately 250feet. Based oninterviews,
thewater visibility ontheday of theincident was
approximately 5to 10feet and thetemperaturewas
approximately 50° F.

Thefiredepartment involved inthisincident conssts
of two stations with atotal of 45 uniformed fire
fighters. The department serves a population of
approximately 8,000 in ageographic areaof about
38 squaremiles. Thedepartment requiresall new
firefightersto completethetraining requirementsfor
NFPA firefighter level | and 11 certificationandto
serve a 1-year probationary period. The fire
department requiresall new diveteam membersto
be Professional Association Divelnstructor (PADI)
open-water certified. Thevictimwascertified NFPA
firefighter level | and Il aswell asPADI open-water
certified. Thevictim’sdive certificationsincluded
dry-suit diver, icediver, surfaceicerescue pecidist,
visua inspection procedures, and basic river rescue.
Thevictim had 4 years of volunteer fire-fighting
experienceand 1 year of diving experience.

INVESTIGATION

A multi-agency dive-rescue exercisewasorganized
by a dive coordinator and an assistant dive
coordinator to familiarize arearescue diverswith
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search patternsand working together. Theexercise
included a dive coordinator, an assistant dive
coordinator, and sevenrescuedivers(thevictimand
Divers#1to#6) fromfour firedepartments. Before
ascheduled briefing, the dive coordinator had sunk
al4-foot john-boat at thediveste. After removing
the seatsand cushionsfrom thejohn-boat, thedive
coordinator punched numerousholesintheboat and
wedged half acement block at each end of theboat.
After snking theboat, the dive coordinator dropped
an adol escent (young adult) mannequin and achild
mannequininto thewater near theboat to smulatea
capsized boat withtwo victims,

The briefing began at 0730 hours at the dive
coordinator’ sfirestationwith al present except Diver
#1. Thedive coordinator briefed everyone onthe
areaand the scenario of the overturned boat and the
two potentia victims. Hethen described the search
pattern to be used (a V-pattern). Note: The V-
pattern uses a ski rope (having a handle on one
end) and alinetender on the surface of the water
or fromaboat. Adiver (lead diver) descendsto
the bottom while holding on to the handle.
Additional diversarethen assigned to either the
lead diver’sleft or right side by thelinetender on
the surface. Each diver descends along the ski
rope, meets up with the lead diver, and proceeds
to hisor her assigned position on either the lead
diver’s left or right side (Diagram 1). The
coordinator thenreviewedthehand sgnadstobeusd
for communi cating whileunderwater.

Thegroup arrived at about 0830 hours at the dive
site, where Diver #1 joined them. Thediverswere
in dry-suits but did not have any underwater
communicationssystems. Thedivecoordinator used
hispersona pontoon boat to monitor thediverswhile
practicing search patterns.

Theinitid divelasted gpproximatdy 40 minutes. After
exiting thewater, the diversand dive coordinators
conducted a debriefing on shore lasting

approximately 15 minutes. Note: After completing
the first dive, the victim did not change out his
air tank. Diver #2 reported to NIOSH
investigators that the victim had between 2000
and 2100 psi of air (a full tank would have 3000
psi of air) left in hisair tank after the first dive.

For the second dive, thedive coordinator pairedthe
diverssothat each set of diverswould haveapartner
from adifferent department. Thevictim wasthe
partner of Diver #1. Diver #2 and Diver #3 were
paired together. Diver #6 did not have a partner.
Diver #4 (having difficulty staying warm) and Diver
#5 (having problems clearing hisears) stayed near
shoreand did not participatein any additiona dives.
Thevictim, Diver #1, Diver #2, Diver #3, and Diver
#6 deflated their buoyancy control devices(BCDs)
and descended while being towed (at idling speed)
away from the shore by the pontoon boat. Thedive
coordinator and the ass stant dive coordinator were
inthe boat. The boat was heading west from the
beach areawith thediversintheV-pattern. When
thediverswere approximately 15 feet from the east
shore, Diver #6 surfaced, Sgnded that hewasdright,
and swam back to the beach. Note: Diver #6 was
having problems with his pressure gauge giving
himafalsereading. Thedive coordinator continued
driving the boat toward the west shore when the
adolescent manneguin and boat werefound (Diagram
2). All four diversthen surfaced; Diver #1 surfaced
with the adolescent mannequin. A surface marker
was placed directly abovethe sunken boat withthe
pontoon boat (with thedivecoordinator and ass stant
dive coordinator) positioned nearby. Theass stant
dive coordinator jumped into thewater and assisted
Diver #1in getting the mannequininto the boat.

After getting the mannequininto the boat, Diver #1
and thevictim descended to continue searching near
the sunken boat. Thevictimand Diver #1 wereto
do circle patterns on the east and southeast side of
thesunken boat. Thevictimtethered aropetothe
sunken boat. Theropewasused asaguidefor the
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victimand Diver #1. Thevictimheld ontotherope
bag while Diver #1 held on to hisother hand. Diver
#2 and Diver #3 descended to do circle patternson
the north side of the sunken boat. The divers
continued with the search patternstrying to locate
thechild mannequin.

Diver #2 surfaced to get alift bag to attach to the
sunken boat to be used as an underwater marker.
WhileDiver #2 wasputting air into thelift bag, his
regulator began free-flowing (amalfunction of the
regulator resultsin afreeflow of air rather thana
termination of ar), causng thelift bagto overinflate.
The boat began to rise of f the bottom at an angle.
Diver #2 and Diver #3 surfaced and told the dive
coordinator that the boat had beguntorisefromthe
lake bottom but waslifting at an angle. Diver #2
corrected the problem with hisregulator beforethe
two diversdescendedtoreleaseair fromthelift bag.
Thedive coordinator saw the rush of air that had
been released fromthelift bag. At approximately
1050 hours, the assistant dive coordinator saw two
people surface at the shore and walk toward the
vehicles. Note: It was later determined that this
wasDiver #5 and Diver #6. Thedive coordinator
also saw two sets of bubblesin the area that the
victim and Diver #1 were searching. Diver #2 and
Diver #3 surfaced (on the north side of the pontoon
boat) at thistime. After completing threeto four
sweeps near the sunken boat, thevictimsignaled to
Diver #1 that hewasgoingtosurface. Approximatey
2to 3minuteslater, Diver #1 surfaced on the south
gdeof thepontoon boat (Diagram 3). Thevictimwas
not seen again until hewaslocated at approximately
1215 hours(Photo 1 and Diagram 2).

Whilethedive coordinator wastalking to Divers#1,
#2, and #3, he could seethetruck with Divers#5
and#6leavingtheparkingarea. Thedivecoordinator
then decided to end the exercise and head back to
thebeach. Diver #2 then asked about thevictim’'s
location. Thedive coordinator and assistant dive

coordinator beganlooking for bubblesonthewater’s
surface (Photo 1). Not seeing any bubbles, they
scannedtheshordine. Diver #1 theninformed them
that the victim had passed him the rope bag and had
indicated that hewas coming to thesurface. They
yelled tothediver on shore (Diver #4) to seeif the
victimwaswith him. Hereplied that he had not seen
the victim. The dive coordinator then drove the
pontoon boat to shore, dragging Diver #1 and Diver
#2 behind the boat. Diver #3 stayed near the buoy
of the sunken boat to search for thevictim. When
they reached the shorethey searched the vehicles
and therestroomsbut did not find thevictim. The
dive coordinator then radioed Divers#5 and #6 to
seeif thevictim had left with them. They repliedthat
thevictimwasnot with them. Thedive coordinator
anddiversthenredized that thevictimmust still bein
the water. The dive coordinator called Central
Dispatch to report that they might have apossible
drowning. Thedive coordinator set up command
and assembled ateam for theinitial search (Photo
2). Diver #1 and Diver #2 changed out their air
tanksand then sivam back out to the buoy to conduct
a search for the victim. They descended and
searched near the sunken boat for approximately 15
to 20 minutes. They ascended and could see
additional firedepartmentsand dive crewsarriving
onthescene. They swamto shorewhereDiver #2
had hisair tank refilled.

Thediveteamsthat weredispatched had arrived on
the scenewith two dive-rescue boats (Dive-Rescue
Boat #1 and Dive-Rescue Boat #2). Theboatswere
deployed: Dive-Rescue Boat #2 searched d ong the
shoreline, and Dive-Rescue Boat #1 worked near
thedivebuoy with diverssearching thebottom. The
dive coordinator had people searching up and down
the road along the shore. He also had the search
teamin Dive-Rescue Boat #1 drag the sunken boat
to thewest shoreto moveit out of theway. Diver
#2 replaced one of the search team’s divers who
was having equipment problems.
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Thesearch teamwasusing the V-pattern with Diver
#1 asthetender onthesurface. Thediverssearching
along the bottom consisted of alead diver, Diver #2
and another diver to hisleft, and two diversto his
right. The search team had been searching the
bottom for approximately 5 minuteswhenthediver
totheleft of Diver #2 tugged on hisarmindicating
that hehad found thevictim (at gpproximately 1215
hours). Thetwo diversbroke away fromthegroup
andmoved towardthevictim. Thevictimwaslocated
to the southeast of thesunken boat’ sorigind position
at adepth of 50 feet. Hewaslying onhisback, his
mask and hood were off, hisregulator wasnotinhis
mouth, and acoupleof buckleswereundoneonhis
BCD. Diver #2 then attempted tofill thevictim's
BCD withair fromthevictim’sair tank, but theair
tank was empty. The two divers then grabbed
underneaththevictim’'sarmsand inflated their own
BCDstobringthevictimtothesurface. Thevictim's
weights (40 pounds) werestill in place. Whenthe
victimwasbrought to the surfacehehad blood coming
from hisnoseand mouth. Thevictimwastransported
by Dive-Rescue Boat #1 to the shorewherehewas
loaded into the ambulance. The paramedics
removed hisdivegear and clothing. Hedid not have
a pulse and was unresponsive to advanced life
support interventions. Hewasthen transported to
an area hospital where he arrived at 1233 hours.
Thevictimwas pronounced dead at 1312 hours.

CAUSE OFDEATH
The death certificate listed the cause of death as
drowning.

RECOMMENDATIONSAND DISCUSSION
Recommendation #1: Fire departments should
develop, implement, and enforce standard
operating procedures (SOPS) regarding diver
training. *

Discussion: Operational protocol, minimum
equipment, personne requirements, qudificationsfor

team membership, andissuesof traning, drills, hedth,
and safety should all be addressed in the SOGs.

Operational protocol should addressthe needs of
beginningdl diveswithafull tank of air andremaining
inconstant contact withadivebuddy. SOGsshould
bereviewed in-house, at aminimum, on an annual

basis to see whether any changes are necessary.
Every team member should haveacopy of the SOGs,
and each member should sign astatement indicating
that he hasread, understands, and agreesto abide
by them. Themulti-agency dive-rescueexercisswas
not considered forma training. Itwasconsderedto
be ascheduled monthly gathering of multiple-area
dive-rescueteams, dlowing dive membersachance
to become morefamiliar with working together.

Recommendation #2: Fire departments should
ensure that each diver maintains continuous
visual, verbal, or physical contact with his or
her dive partner. 23

Discussion: Effective underwater communication
refers to the capability to communicate between
diversand from adiver to the surface. Thedivers
present at thisincident were ableto communicate by
using recognized divesignadssuch asa*“thumbs-up”
toindicatethey wereokay. Firedepartmentsshould
follow OSHA safety standard 29 CFR
1910.424(c)(2) by ensuring that a diver be line-
tended from the surface or accompanied by another
diver inthewater whoisin continuousvisual contact
during the diving operations. The victim was a
volunteer firefighter and wasnot covered by OSHA
regulations. However, following OSHA standards
would provide additional protectionfor firefighters
who faceuniqueenvironmentsand hazardsassoci ated
with technical rescue operations. Effective
communication and continuousvisua contact aretwo
waysinwhich diverscan convey any equipment or
medical problemsthey may be experiencing.
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Recommendation #3: Fire departments should
ensurethat a backup diver and ninety-percent-
ready diver arein position to render assistance. ?

Discussion: Public Safety Diving states that “in
addition to having the normal duties of divers, a
backup diver must beready to act asareplacement
if the primary isunableto performfor any mission,
and he must be ready to render assistance if the
primary runsinto trouble. Because of the complex
natureof diving, it' salwayspossblethat the backup
diver will experience a problem when called.
Following apolicy of having contingency plansin
place, it's best to have a second backup diver
available, wearing an exposure suit and with hisgear
fully checked and functioning. If thebackupdiveris
called on to make the descent, the ninety-percent-
ready diver completesthe dressing process so that
heisfully ready to enter thewater. With aninety-
percent-ready diver in place, the redundancy and
safety of an operationincreasedramatically.”

Recommendation #4: Fire departments should
ensurethat thedive coordinator staysinformed
about the rates of air consumption by divers. *

Discussion: Public Safety Diving statesthat “ The
dive coordinator needsto stay informed about the
ratesof ar consumption, Snceexcessveconsumption
may indicate an equipment problem, fatigue, or an
inexperienced diver.” Thisinformation should be
gathered by thetender. Public Safety Diving states
that “thetender should notethediver’stimeof entry
andthar garting tank pressure. They should monitor
thediver’sair bubbles, recording their breathing rate
every 5minutes, and they should continuoudy assess
thediver’ sstatus.”

Recommendation #5: Fire departments should
provide divers with refresher training on the
hazards of lung overexpansion injuries and
prevention measures. !

Discussion: Public Safety Diving statesthat “there
aresevera different typesof lung overexpansion
injuries, including arterial gas embolism,
pneumothorax, mediastinal emphysema, and
subcutaneuos emphysema. Each of these are
induced when the diver holdshisor her breath for
any reason during an ascent while on self-contained
underwater breathing apparatus (SCUBA) or
surface-supplied air. SCUBA diversaretrainedto
breathe continuously and normally underwater, but
there are many situations in which a diver may
unwittingly, or unconscioudy fail tofollow thisrule.
Some of these situations occur while equalizing,
dealing with mask-related problems, working hard
or concentrating, whilemanaging buoyancy, or when
overweighted. If adiver isoverweighted, thereisan
increased risk of making an uncontrolled rapid
ascent. Diverswho usetheir dry suitsto control
buoyancy may experiencetroublewith controlling
their buoyancy, resulting inan uncontrolled ascent.
This could result in a carotid sinus reflex and
unconsciousnessduring ascent.” Inhisreview, the
evauating U.S. Navy Diving Medica Officer stated
that “running out of air and diver inexperienceare
significant risk factorsfor air embolism” andthat “a
possible contributing cause may have been air
embolism.”

REFERENCES
1. Hendrick W, ZaferesA, Nelson C[2000]. Public
safety diving. Saddle Brook, NJ: Fire Engineering
Books & Videos.

2. NFPA [1999]. NFPA 1670, standard on
operaionsandtraining for technica rescueincidents.
Quincy, MA: Nationa Fire Protection Association.

3.29 Code of Federal Regulations 1910 Subpart T,
Commercid Diving Operations. 1910.424, SCUBA
diving.
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INVESTIGATOR INFORMATION EXPERT REVIEW
Thisincident wasinvestigated by Mark McFall and Expert review was provided by JamesL. Caruso,

Jay Tarley, Safety and Occupational Health M.D., U.S. Navy Diving Medica Officer.
Specidists, Division of Safety Research, NIOSH.
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Diagram 1. Search-and-Rescue V-Pattern
LINE TENDER ON
SURFACE OF WATER
LEAD DIVER
SKI ROPE WITH HANDLE
ADDITIONAL DIVERS
FORMING THE
V-PATTERN

LAKE BOTTOM

-

Diagram 1. Search-and-Rescue V-Pattern
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Diagram 2. Aerial View of Incident Site
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Diagram 2. Aerial View of Incident Ste
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Diagram 3. Aerial View of Incident Site When
Victim Failed to Surface
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Diagram 3. Aerial View of Incident Ste
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TRAINING AREA WHERE
VICTIM WAS LOCATED

NORTH—»

WATER TEMPERATURE:
~50 DEGREES FAHRENHEIT
DEPTH OF TRAINING AREA: ~50 FT

Photo 1. Aerial View of Incident Scene
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. AREA SEARCHED FOR VICTIM BY DIVE
RESCUE CREWS

STAGING AREA FOR DIVE RESCUE CREWS

/

NORTH

WATER TEMPERATURE:
~50 DEGREES FAHRENHEIT
DEPTH OF TRAINING AREA: ~50 FT

Photo 2. View of Incident Scene from Beach
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