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Dl VI NG ACClI DENTS — VWHY?
A REVI EW OF NAU DI VI NG | NCl DENTS REPORTS
John Hardy

Over 100 people lose their lives each year in scuba diving accidents.

URI has done excel | ent work but has not been able to revi ewcausative factors. Over
700 accident reports on file at NAU Headquarters were revi ewed taking a cl ose | ook
at possible causes. Training accidents were reviewed separately with specia
tabul ati ons done on particul ar problens. Ei ght significant areas of causative
factors were identified. Comrentary with reconendations are provi ded on each area
wi th particular enphasis on training nodifications.

Two divers are noving slowy and uneasily through the water. The water is cold,
visibility islimted and t he divers are now deeper than they expected to be. Each
isgettingtiredandcold. Thefirst dive of the newyear finds themnore than usually
nervous.

A late party, little sleep, nuch al cohol, even a couple of joints and very little
food all contribute to a sense of unease, nervousness, even apprehensi on. The heavy
use of tobacco coupled with [ittle consistent exercise and no recent nedi cal exam
finds the divers not very fit.

Di vi ng equi pnent has al ways been such a nui sance to themthat neither of their tanks
or regul ators have ever been serviced since purchased. They just do not di ve enough
to get into all that fancy buoyancy control equiprment or all those gauges.

The first diver, Joe, begins to have difficulty breathing, but thinks it is just his
| ack of fitness. He should not be lowon air yet. He is sure his air always | asted
much | onger than this - last year. Besides it would be enbarrassing to run out of
air before his buddy, Hal, did.

Joe sees sonething of interest and noves in for a closer |ook. Sure enough, it is
a partly buried anchor with the line still tangled in the weeds. He pulls and tugs,
breat hi ng harder all the time. Suddenly, there is no nore air. He |ooks around,
but hi s buddy has gone. Hetriesto nove higher to see better, but sonethingis hol ding
hi m down. . . weeds. . . line...sonething.

Meanwhi | e, Hal has mi ssed Joe and i s | ookingaroundinarather randommanner, sw mr ng
hard to and fro. He sees Joe and noves over to him Now Hal realizes that Joe is
not breathing - fear grips him

He t hinks, “What was it we | earned in the diving course?” He has had no refresher.
No reinforcenent.

“Ah, get Joe to the surface, but he is tangled”. “No knife”.
Hs air is low, it has already become hard to breathe.
“Try to pull himclear. Canl doit? No air at all! Go for the surface, now al one.
Cot to get out of here. Just cannot seemto get up, too heavy, swimharder, no air
left. Got to hold breath to make the surface!”
Joe’s body lies alone entangled in deep water.
Hal's body settles to the bottomin even deeper water, also al one.

No two divers woul d ever nmake this nany m stakes? Not so. This double tragedy
is fromactual occurrences in the recent review of the causes of over 700 diving
accidents. The chain of events is frightening: cold, poor visibility, deep water,

fatigue, stress, poor fitness, poorly equipped divers, ego, not staying together
poor skill levels. The result - two divers |ost.
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Two nore tragedi es that mi ght have been prevented, thus two nore reasons why | ega
actions, insurance and | egislation will continue to be najor problens for the sport
of scuba diving.

In an effort to identify the causes of diving, accidents and suggest reasonable
solutions, the National Association of Underwater Instructors (NAU ) conducted a
conpl ete review of all accident reports on file at NAU Headquarters. The purpose
of this work was to deal with causes of accidents, and nore particularly, the role
of training as a causative factor. The University of Rhode Island (URI) Reports dea
with the statistics of |ocation, day nonth, sex, age, autopsies and so forth. Thus,
the URI Reports provide vital background information which conplinents this study
for a nore conpl ete understanding of diving accidents.

Results

Tabl e | was devel oped by revi ewi ng al | avail abl e di vi ng acci dent reports and counti ng
each causative factor apparently contributing to the accident. The eight nmjor
categories are listed with individual sub-categories |listed by frequency. These
resul ts may be bi ased due t o geogr aphi ¢ di stri bution or i nconpl et eness of sone reports
(see Appendi x A). The inportance i s not the exact percentage of a particul ar cause,
but that these are now identified as primary causes of diving accidents.

Tabl e I'l provides the same i nformati on as Tabl e | when | ooki ng only at acci dents that
occurred during training. Sincethisis anmuch snaller statistical sanple, a change
of just one to five possible causes could conpletely change the order of the eight
causative areas. Again, of primary inportance is theidentificationof theselisted
causes as the ones nost often contributing to diver training accidents.

TABLE |
GENERAL ACCI DENTS CAUSATI VE FACTORS CONTRI BUTI NG TO ACCI DENTS

Causes Per cent

MEDI CAL AND PSYCHOLOGQ CAL FACTORS:

Deconpr essi on sickness, fatigue, drugs,

heart trouble, stress, nedical problens, cold,

cranps, poor fitness, bad air 159 20
DANGEROUS ENVI RONMENTAL CONDI TI ONS:

Surf, caves, deep, currents, visibility,

i ce, obstacles 150 19
BUDDY SYSTEM FAI LURE
Loss of contact, diving al one 113 14

EQUI PMENT DI FFI CULTI ES:
M suse, |ack of know edge, trouble with regul ator,

| ack of needed equi pnent, unable to use 102 13
RUNNI NG “ QUT- OF- Al R’ :

“No-Air”, reserve msuse, air not on 92 11
ASCENT DI FFI CULTI ES:

Buoyant, energency swi nm ng, buddy breathing, nornal 78 10
ENTANGLEMENT

Kel p, weeds, |ines nets, equipnent 52 7

BUOYANCY CONTROL PROBLEMS:
Overwei ghting, not wearing or using BC,
BC not functi oning 51 6

TOTALS: 797 100
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TABLE 1|1
ACCI DENTS DURI NG TRAI NI NG CAUSATI VE FACTORS
CONTRI BUTI NG TO ACCI DENTS

Causes Per cent

MEDI CAL AND PSYCHOLOQ CAL FACTORS:

Stress, heart trouble, fatigue, drugs,

medi cal probl ens 40 34
ASCENT DI FFI CULTI ES:

Buoyant, energency sw nmm ng, buddy breat hing,

nor mal 24 20
DANGEROUS ENVI RONVENTAL CONDI Tl ONS

Deep, surf, visibility, obstacles, ice 16 14
BUDDY SYSTEM FAI LURE

Loss of contact, diving alone 12 10
RUNNI NG " OQUT- OF- Al R":

"No-air" 10 9
EQUI PMENT DI FFI CULTI ES:

Lack of know edge, unable to use, m suse 8 7

BUOYANCY CONTROL PROBLEMS:
Not wearing or using BC, overweighting,

BC not functioning 4 3

ENTANGLEMENT:
Kel p 4 3
TOTALS: 118 100

ANALYSI S AND COMVENTARY

Here is the data gathered through the reading of the accident reports plus the
col l ective insights gained by the reviewers. These insights were itens that did not
“fit” the compiling of causes, but didindicate certain problens. The report is not
intended to report precise statistical data, but to report the possible causes of
di vi ng acci dents. Opinions and reconmrendati ons by the author are | abell ed as such.

Medi cal and Psychol ogi cal Factors

General Accidents - 20% Trai ning Accidents - 34%

Deconpr essi on si ckness was t he nost conmon non-fatal accident reported, nost |ikely
due to the need for chanber treatnent. It should not be assuned from this that
deconpressi on sickness is the nost common non-fatal accident. Several inportant
i nsi ghts were gai ned by a careful repeated reviewof just the deconpression sickness

cases:
* Most cases were not fatal

* Most victins were experienced divers.

* In nost cases, neither bottom nor surface tine was recorded.
*

Mbst cases i nvol ved over - extensi on of the tabl es but some cases were well within
no- deconpression limts.

Age (over 35) and poor physical condition seenmed to increase the |ikelihood.
* Ther e appear ed t o be a nunber of cases whi ch may have been deconpr essi on si ckness,
but were not reported as such.

*

An effort was nmade to review possible problems with deconpression neters in
deconpressi on si ckness cases. But there was not enough useabl e i nformation to nmake
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any statenments about the nmeter per se. It was indicated that if a nmeter was abused
or not nmmintained, was used with no other instrunents or was used w thout an
under standi ng of the neter’s limtations or of deconpression in general, then there
were difficulties.

Many probl ens were i ndi cated by the reports but not actually recordedinthe reports.
These hard to find causes appeared to i ncl ude heart attacks, air enbolisns, fatigue,
cold, stress or panic, poor fitness and the use of drugs, including alcohol

A chain of events often appeared. The diver was cold and/or tired - stress |eve
i ncreased - the diver made a ni stake - pani cked, and death foll owed. The key Iink
i nthis chain was the m stake which coul d have been anyt hi ng fromenteri ng heavy surf
t o not mai ntai ni ng t he buoyancy control equi pnent properly and i ncluded all the ot her
causes presented in this report.

Human error at three levels repeatedly appeared. |In order of frequency they were:
1. The victim s error

2. The buddy of the victims error

3. The instructor of the victims error

The use of drugs, including alcohol, increased significantly in the nore recent

reports. This may be a product of nore conpl ete reporting and/ or a general increase
inthe use of drugs in the society at large. The use of drugs before diving appears
to definitely predi spose the diver to an accident.

Heart attacks were counted separately. Oher nedical problens were collectively
reported as they did not occur nearly as often. Nearly all of these nmedi cal probl ens
i ndi cated the person shoul d not have been di ving, such as: respiratory inpairnent,
regul ar medi cation, ear and sinus problens, epilepsy, recent serious operation,
injury or illness.

Bad air was the | east often found cause inthis category. Again, thelack of conplete
reports, in this case, no analysis of the air after the accident, could cause this
figure to be too I ow. Lacking further evidence it appears that the quality of air
supplied to and used by sport divers is very high and bad air is an extrenely m nor
probl em

Recommendat i ons and Qpi ni ons

Divers need to stay fit. This includes regular nedi cal exans, exercise, rest, good
di et and avoi di ng harnful habits. |n addition, divers should avoid getting tired,
cold or excessively stressed during dives.

Student divers need to | earn the nedi cal and psychol ogi cal reasons why to not dive.
Instructors have an obligation to screen students as much as possible for the
student’ s own heal th and safety. This screeni ng shoul dinclude: proper use of nmedi cal
hi story forms, medi cal exanms when needed, water skill and endurance eval uati ons, and
a careful “tuning in” to student’s physical and nental condition

Conditions during diver training need to be controlled to avoi d excessive stress,
cold or fatigue. It is very likely that nore students shoul d be counsel |l ed during
training, that diving is not in their best interest.

Danger ous Environnental Conditions

CGeneral Accidents - 19% Trai ning Accidents - 14%

Surf inCaliforniaandcavesinFloridaare major problens. |ce and obstacles (trees,
| edges, debris) are significant problems in fresh water, inland | akes. The deep
di vi ng probl emwas scattered in several areas with sone di ves bei ng made to depths
beyond any reasonabl e sport limt (200 feet or nore). Most victins in cave diving
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and ice diving accidents were not properly trained or equipped.

Danger ous envi ronnmental conditions were often just one of several problens the diver
was havi ng, each of whi ch the di ver may have been ableto handle, if it had not happened
in surf, in a cave, under ice, or in deep water.

Recommendat i ons and Opi ni ons

Sport divers shoul d be di scouraged fromcave and i ce diving until they are properly
equi pped and have had special training.

Instructors need to take great care in not exposing student divers to conditions
beyond their ability.

Student divers need to devel op, during training, a strong sense of the inportance
of the decisiontonot dive. Therefore, it i s suggestedthat i nstructors shoul d cancel
nor e open wat er di ves right on | ocation, explaining why they are doing so, directly
to the students.

If the normal | ocal diving conditions include surf, current or lowvisibility, then
i nstructors have an obligationtoteach students howto handl e these conditions during
all diving courses. This instruction needs to be conducted under cl ose supervision
and control | ed conditions.

Buddy System Failure

General Accidents - 14% Trai ning Accidents - 10%
Di vi ng al one does not kill divers, but being al one when sonethi ng goes wong does
make it nmore difficult to escape safely. |If a buddy were near at hand when the

foll owi ng probl ems occurred, then many fatal accidents m ght have been near m sses:
entangl enment, out-of-air, bad air, heart attack, equipment difficulty, cranps,
ruptured eardrum fatigue, nitrogen narcosis, deconpression sickness, head injury,
regurgitation and air enbolism

Because of the inability of divers to stay together or due to diving al one, no one
i s then avail abl e when si gni ficant probl ems occur. No matter howexperienced or wel |
trained the diver, if sone of these problens occurred i n the water when al one, the
chances of the diver surviving are greatly reduced.

Recommendat i ons and Opi ni ons

Instructors need to teach not only the trenendous inportance and val ue of buddy
di ving, but also howto find and sel ect a buddy, howto stay together, plus howto
make buddy di vi ng easy and enj oyabl e.

Equi prrent Difficulties

CGeneral Accidents - 13% Trai ning Accidents - 7%

Equi pnent difficulties tended to be interrelated with each other and w th other
categories of causes. Usually an equipnent difficulty did not appear as a sol e or
primary cause of trouble. The vast majority of the problens with equi prent wer e hurman
errors concerning the use, care and sel ection of the equipnent.

Dives can be made without certain itens of equipment, but when these pieces of
equi prent are needed and not in use, this |lack of equipnent nay then contribute to
an accident. Mssing itens of equi pnment included: subnersible pressure gauges,
buoyancy control equi pment, protective suits, snorkels, depth gauges, conpasses, and
wat ches.

M suse of equi prment was the nost frequent equipnent difficulty.
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Speci fic problens included:

Regul ators attached incorrectly

Back packs nounted i nproperly

Qui ck rel eases not used on weight belts or scuba straps

Wei ght belts not clear to be ditched

Snorkel s not worn on masks (in conditions of strong current, this may be an
accept abl e procedure but not under nobst conditions)

Spear guns | oaded out of the water

Divers using BCs as |ift bags

BC or vest not mmintained or checked

BC not inflated for surface resting

Air not turned on or not turned on all the way

Cylinders not internally inspected

Val ves not serviced

Using torn or ill-fitting wet suits

Fin straps not properly buckled or secured

Overwei ghting and/or over inflation of BC

| mproper positioning of the reserve valve

No mai nt enance or hone mai nt enance of the regul ator (these two were the reasons
behi nd nost of the itens listed as “trouble with regulator”)

L T

L R R I S T

Recommendat i ons and Opi ni ons

O her equi prent di fficulties appearedto concern not knowi ng howt o use t he equi pnent,
possi bl e because of not being provided training during the original scuba course,
forgetting previoustraining, usingunfaniliar rentedor borrowed equi pnent, or usi ng
equi prent whi ch was not avail abl e during training.

There are definitely some changes needed i n diver training to provi de nore equi pnent
skills, i.e. the selection, use and care of equi pment. These equi pmrent skills need
enphasi s wi t hout conproni sing other vital diving skills. Enphasis should be placed
on the foll ow ng:

* Sel ection of proper and conplete quality equi pment for the particular diving
activity and environnent.

* Proper preventative mai nt enance by t he i ndi vi dual di ver and regul ar prof essi onal
service

* Usi ng new or unfam liar equi prent only under controlled conditions.

* More equi pnent handl i ng during diving courses.

* Mor e trai ni ng on buoyancy control systens, both wei ghts and i nfl at abl e devi ces.

* Limtations and need for training on new and advanced equi prent.

*

Not | oaning equi pment to untrained divers.

Running “Qut-OF-Air”

CGeneral Accidents - 11% Trai ning Accidents - 9%

The quotation marks around “out-of-air” are inmportant because nost of these
situations were actually | ow on-air problens (100-500 psi).

Many di vers had no subnersi bl e pressure gauge or reserve. O those divers who did
have t hem many di d not use them Although the air not bei ng turned on was an unconmon
accident, it did lead to several unfortunate fatal accidents.

Reserve mi suse or trouble with the reserve was one of the nore surprising findings

of the report. Al of the experienced divers and instructors doing the review at
first had assunmed that this probl emwould be due to the reserve being in the wong
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position (due to not being checked or accidentally bunmped or pulled down). But, in
9 out of 11 fatal cases, the victimdid not use the reserve when the air ran | ow,
but pani cked and went for the surface.

Table Il presents the action taken by divers involved in “out-of-air” situations.
The near equal distribution (one-third/one-third/one-third) isinteresting, but the
guestion renai ns, “What action was taken by di vers who were conpl etely successful ?”
The cases reported here reflect accidents or unsuccessful actions.

TABLE 11|
ACTI ON TAKEN WHEN “QOUT OF AIR’
Causes Per cent

| ndependent ascent to the surface 34 37
Buddy breathing ascent to surface 31 33
Unabl e to surface (panic, overweighted,
entangl ed, cave, ice) 28 30

TOTALS: 93 100

Recommendat i ons and Opi ni ons

When divers are lowon air, tired and cold, near the end of the dive, in deep water,
they may i ncrease their respirationrate. This is exactly the wong behavi our under
such conditions.

Training definitely needs to enphasi se sl ow, deep, relaxed breathing; no “panting
into the regulator”; avoiding deep diving; taking it easy; keeping 300-600 psi for
t he surface; use of both subnersibl e pressure gauges and reserve warni hg nmechani sims
(audi o or J-valve); turning air val ves all the way on; doubl e checki ng reserve, gauge
and regul ator functi on before enteringthe water; better buoyancy control; and ascent
procedures.

Ascent Difficulties

General Accidents - 10% Trai ning Accidents - 20%

This was an extrenely difficult category to list in order of frequency, due to the
confusion of terns used for ascents. |t was obvious that normal ascents caused the
fewest problens and are the nost often used ascents, butt a nunber of accidents did
occur. Normal ascents and ot her ascents where everythi ng was done “right” still |ed
to air enbolisns. Cear and direct evidence is not generally available in these
reports, but nedical problens, such as: respiratory inmpairmnment fromheavy snoki ng,
recent cold or infection, or previous lung diseases were indicated in these
“correctly” done ascents, or it may by that ascent was not actual |y done correctly.

When naking reference to air enbolism in this report, all related injuries
pneunot hor ax, enphysena, etc. are included. No attenpt was nmade to sort the injuries
or to make nedi cal val ue judgenents. It appears there nmay be nore air enbol i smrel at ed
injuries than reported, but these could not be counted.

Whi | e t he oct opus appears to have definite possibilities for i nproving di ver safety,
its use is al so causing sonme probl enms. These probl ens appear to centre around: 1)
where and howit is attached; 2) the procedures to be used when it is needed; 3) the
actual first and second stage conbination used.

Table IV provides additional detail on the apparent problens which caused buddy

breathing to fail. There appears to be a probl emwhen buddy breathing i s aborted.
Thi s aspect needs nore study.
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TABLE |V
PROBLEMS DURI NG BUDDY BREATHI NG ASCENTS
Causes Per cent
1. Aborted and changed to sw nm ng ascent 20 43
2. Disorientation or panic 15 33
3. Struggle over regul ator 4 9
4. Unable to clear regul ator 4 9
5. Donor runs out of air 3 6
TOTALS: 46 100

Recommendat i ons and Opi ni ons

Buddy breat hi ng has becone an area of increasing concern. It isadifficult skill,
to learn and naintain, and often appears to be unsuccessful. Since the frequency
of successful buddy breathing ascents versus other forns of ascent is not known
recommendations in this area are limted. But in order to give sone indication of
whi ch ascents are being used, an informal survey of ascents nmade under emergency
condi ti ons by experienced di vers was conducted. All possible types of ascents were
nentioned as having been used successfully, but independent energency sw mm ng
ascents were by far the nost often given as the successful nethod used. Buoyant and
oct opus ascents were the next two nost conmonly nentioned successful ascents.

Usi ng the i nsi ghts gai ned fromrepeat ed det ai | ed readi ngs of these ascent acci dents,
t he best avail abl e recommendati ons for diver ascent procedures are (in order of
preference):

1. Make a normal ascent after stopping activity, breathing easily and getting
control of the situation.
2. Make a shared air ascent, using the buddy diver’s extra regulator, if the buddy

is so equipped and is closer than the surface, or if there is an obstruction
to the surface (ice, cave, weck, heavy kelp, etc.)

3. Make an emergency sw nmm ng ascent in a manner as near to a normal ascent as is
possi bl e: | ooki ng up, regul ator in mouth, swinmng a bit faster, exhaling nore
and inhaling less (lungs at near normal vol une).

4. Make a buoyant ascent by ditchi ng wei ghts and/or inflating the buoyancy system
with regulator in nouth, |ooking up, and exhaling nore rapidly.

5. Make a buddy breathing ascent only when the other options are not avail abl e.

I naconparisonof ascent difficulties w th general accidents and traini ng acci dents,
ascents moved fromsi xth place to second place; from10 percent of the causes. But
al so note that general diving accidents were involved 78 tinmes while training
accidents only 24 tines. Ascents are definitely of serious concern during diver
training, but the sinplistic answer of not providing ascent training would sinply
nmove sone accidents fromtraining situations to general diving situations and nost
likely cost even nore lives. The changing pressure during scuba diving is a uni que
and possibly risky aspect that does need nore careful attention

In order to nore effectively and safely teach ascents, during diver training sone
recomendati ons are possible fromreviewi ng these accident reports. |Instructors
shoul d:

1. Provide |l ecture coverage on all forms of ascents used by sport divers.

2. Provi de pool or shallow confined water training in normal, octopus, emnergency
swi mmi ng, buoyant, and buddy breat hing ascents. Several of these procedures
can be practiced horizontally.
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3. Provi de open water training in normal, octopus, energency sw nm ng ascents and
buddy breathing in a stationary position

4, Provi de conplete training in | ecture, pool and open water on buoyancy contro
during ascents, ascents, at the surface, at the bottomand in m dwater.

5. Make all open water energency swi nm ng ascents as sinilar to a normal ascent

as possible, ie. regulator inthe nmouth, |ooking up, going slowy, but exhaling
nmore and inhaling less, ie. keeping |ung volune as near nornal as possible.
6. Have divers | ook up as nuch as possible while making all ascents.
7. Make careful use of nedical history fornms with nedical exans and chest x-rays
when needed, pl us take special care with any student who has recently had a col d,
or is a heavy snoker.

8. Provi de cl ose supervision during cent training.

all as

Instructors during open water ascent training should:

1. Not have students nake any ascent that cannot be stopped or that is done at a
hi gh rate of speed, such as a buoyant ascent.

2. Not have students nake “free ascents” or do a “bl ow and go”.

3. Not have students’ air turned off.

4, Not have students breathe off BC s.

5. Not have students buddy breathe vertically.

6. Not have students take the regul ator out of their nouth during ascents.

7. Not have students nake anythi ng but normal ascents fromdepths greater than 40
feet.

8. Not put students under undue pass/fail stress during ascents.

These are t he best reconmendati ons avail abl e after retreated revi ewof the avail abl e
accident reports. Far nore research needs to be done on ascents. The probl ens and
the solutions are not sinple or obvious. Al of these recomendati ons came from
specific fatal cases where the lack or use of a particular procedure definitely
appeared to contribute to the accident.

Ent angl enent

Ceneral Accidents - 7% Training Accidents - 11%

Ent angl enent has been viewed by sonme serious divers as a Hollywod novie or TV
contrived situation that rarely occurs to divers. This is definitely not sol
Ent angl enent contributes to at | east seven percent of diving accidents, making it
a probl emneeding serious attention. Kelp (mainly in California); weeds in | akes;
lines (fishing, anchor, safety, etc.) in all waters; nets and equi prent are al

i nvol ved.

Recommendat i ons and opi ni ons

Buddy di ving, use of a good knife, and underwater equi prment handling during diver
training areinportant inorder todeal with entangl enent. More controlled open water
diving under the supervision of an instructor would increase diver skill and
confidence, particularly the ability to think underwater and avoi d entangl ement or
deal with it calmy

Buoyancy Control Probl ens

Ceneral Accidents - 6% Trai ning Accidents - 3%

O ten, buoyancy control was indicated as a contributing cause, but the reports were
not clear enough for it to beidentified as being significant. Only the clear cases
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were counted. Had accident reports been better, the buoyancy control probl emnight
i kely have been much higher in the list.

Overwei ghting, in particular, appeared to be a problem often not reported.
Overwei ghtingis al so anincreasi ng probl emw th newer systens, where the di ver wears
too much wei ght and then conpensates with the buoyancy system

Some divers did not use any infl atable devices to control buoyancy, others did not
use adequate devices and still other divers did not naintain or check the devices
so they woul d function when needed.

Fewer victins inthese accidents hadinflatedtheir own flotation devices. Novictim
inany of the fatal reports successfully dropped their own wei ghts, but nbst rescuers
didditchthe victims weights. Sone weight belts or wei ght systens did not rel ease
when the victimor the rescuer attenpted to ditch them

Recommendat i ons and Opi ni ons

Mich nore trainingis needed during all diving courses on buoyancy control. Repeated
use of conventional BC s and wei ght belts, along with at |east an introduction to
the newer or nore advanced systens is needed.

Pr oper buoyancy control will nmake a distinct contributionto reducing accidents from
ot her causative areas, particularly during ascents. Instructors should provide
completetraininginlecture, pool, and open wat er on buoyancy control during ascents,
descents, at the surface, at the bottomand in md-water.

Di vers shoul d wei ght t hensel ves for neutral buoyancy, at the nbst common or shal | owest
depth. There is evidence that if a diver inflates the buoyancy control device or
gets rid of the weights so surface floating is possible, this will often change a
possi ble fatal accident into a near niss.

Location or Depth Accident Started

Tabl e V provides infornation on the depth of the diver when the accident started.
Some instructors have been saying, “npst accidents start at the surface”. In
addition, URI has provided information on the depth of the body when recovered in
fatal accidents, but no careful tabul ation had yet been done on where t he acci dents
started.

In the depth range underwater down to 60 feet, 43 percent of the accidents began

Thi s range can be assuned to be the nost comon depth range for sport scuba diving.
To be sure, nost victins with or without rescuers went for the surface in an attenpt
to solve the probl emand may have died on the surface and/or |ater been recovered

fromdepth
TABLE V
LOCATI ON OR DEPTH ACCI DENT STARTED
Causes Per cent
Surface 115 26
0 - 60 187 43
60 - 130 96 22
Over 130 38 9
TOTALS: 436 100

Experience of the Victim

Tabl e VI deals with the experience of the victim The URI reports for 1970 t hrough
1974 indicate 8 to 9 percent of the fatal scuba accidents occurred during forma
trai ning conpared to 15 percent in Table VI. This supports the viewthat the records
avail able to NAU are biased in the area of training.
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Many of the victins who were untrained were recorded in the ol der case reports,
particularly those prior to 1972. This nunber appears to be decreasing. The nunber
of acci dent s occurring when non-di vers were being “trai ned” by friends who were divers
was still sadly larger than expected.

Judging by this table, the first 12 dives or first year of diving are the nost
hazardous. It has been pointed out by many authorities in sport diving, that the
majority of divers probably drop out during the first year. Thus, far fewer divers
are left, who may al so be better divers

TABLE VI
EXPERI ENCE OF THE DI VER/ VI CTI M
Causes Per cent

Unt rai ned 57 14
In training 60 15
Less than 1 year or 12 dives
(certified) 145 36
One to three years or 12 to 48 dives
(experi enced) 79 20
More than 3 years or 48 dives
(very experienced) 60 15

TOTALS 401 100

Trai ni ng acci dents tended to occur onthe first open water scuba dive. Additionally,
training accidents tended to be near misses when the instructor was inmediately
avai | abl e.

CONCLUSI ONS

Based on t he weal t h of i nfornmati on provi ded by t hese reports, several reconmendati ons
can be made for the nodification of diver training courses. These recomendati ons

are:

1. More controll ed open water training under a variety of conditions, supervised
by an instructor.

2. More careful nedical and physical screening of student divers.

3. Mor e enphasi s on practical open water skills, particularly equipnent handling,
buddy di vi ng, buoyancy control, dive planning and ascent procedures.

4, Mor e enphasi s on the prevention of fatigue, stress, getting cold, running out-
of -air, energency ascents, entanglenent and deconpressi on sickness.

5. Moredefinitetrainingintheenvironmental, medi cal, physi cal and psychol ogi cal
reasons why not to di ve, when to abort dives or why to linmit diving under certain
condi tions.

6. Mor e enphasi s on di vingwi th conpl ete, wel | mai nt ai ned equi pnment of good quality.

Recommendations to already trained and certified divers include:

1. Know when not to dive; know when to abort the dive - never be enbarrassed to
do either.

2. Take an open water or advanced course.

3. Stay out of dangerous water conditions.

4. CGet a regul ar nedical exam and mai ntai n physical fitness.

5. Buddy di ve conscientiously with agreed upon procedures and a dive plan; know

hand signals and each other’s equi pment; stay together

Get conplete quality equipment and maintain it well.

Know and use the equi prment and procedures to avoid or handl e runni ng out - of -
air, maki ng emergency ascents, getting entangl ed and deconpression

No
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8. Control buoyancy to nake diving easier.
9. Get out of the water if cold, tired, hurt, out of air or not feeling well.

Additional research is definitely needed. A great deal nore information could be
gat hered froman ext ensi ve st udy of near ni sses; taking acl ose |l ook at what ener gency
procedures were used successfully. More accident reports are needed. All avail able
informati on and reports should be sent to NAU and URI. Also, far nore and nore
compl ete autopsi es are needed.

Speci fic aspects that need nore study are:

Deconpr essi on nmeter use

Non-treat ed deconpressi on sickness.

Medi cal problens related to air enbolism
Probl ems due to drug use

Ascent procedures.

Buoyancy control procedures.

Emer gency and rescue procedures.
prevention of fatigue, cold and stress.

EE S I B

Informationinthe formof reproduceabl e saf ety handouts is providedw th this report
(see Appendi x B). Mich of this material was devel oped in conjunction with a revi ew
of this study.

Wthinthelimtations stated in the basis and bi as section (see Appendi x A) of this
report, this is the nost extensive information available on the causes of diving
accidents and theinplications for boththe practice and instruction of sport diving.
The i ntenti on has been not to provi de absol ute statistical data, but rather to advance
t he current under st andi ng of howsport di vers get i ntotroubl e and by so doi ng, suggest
how t hey can better enjoy a safe, confortabl e open water scuba diving experience.

APPENDI X A
1. ACCl DENT REPORTS AND FORMS
a) Acci dent Report forms - no charge

b) US Underwater Fatality Statistics (URI) - $2.00 each
c) Di ving Accidents - Wiy? (NAU) - 52.00 each.

Wite: (For, a b or c) (For a or b)
NAU Headquarters URI Scuba Safety
PO Box 630 PO Box 68
COLTON CA 92324 KINGSTON RI 02881

2. ACKNOALEDGEMENTS AND BACKGROUND

Over 500 vol unteer hours, in additionto NAU Headquarters Staff time have gone
into carefully reviewing and conpiling this information.

Revi ewers i ncl uded:
Robi n McFaddi n, Ryan Taylor and Charlie Weatley from Qur Wrld Underwater
Schol ar shi p.

Jon Hardy, Ken Kivett and Laurel Touchette, NAU Instructors.
M ke and Rod Nachman, NAU Divers.
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3. BASIS AND BI AS

There was no attenpt to find and revi ew every case that occurred year by year
in this report. URl reports provide that information. Table VII lists all
avail abl e reports reviewed, by year.

TABLE VI |
ACCI DENT CASE REPORTS REVI EVEED
Year Fat al Near M ss

1965 12 —
1966 17 —
1967 19 —
1968 18 —
1969 20 —
1970 36 —
1971 45 —
1972 51 2
1973 82 6
1974 51 26
1975 56 51
1976 75 84
1977 12 18
Unknown 4 29

498 216

TOTAL ALL ACCI DENTS: 714

As this study was linited to cases onfile with NAU, there are several biases which
shoul d be expl ai ned. These biases should not significantly affect the useful ness
of the report.

* As NAU is an instructor association, wth certain accident reporting
requi renents for i nsurance purposes, there is a greater proportion of training
accidents than in the UR reports.

* Much better records are avail able fromHawaii due to the efforts of Roy Danron,
NAUl I nstructor and fromCalifornia due to Dr Takashi Hattori of Mnterey, the
Los Angel es County Departnent of Parks and Recreati on, and San Di ego Li f eguar ds.

* Due to the nunmber of NAUl instructors and their teaching activities in certain
states, nore and better reports are in NAU's files fromcCalifornia, Hawaii,
Washi ngt on, Texas, Florida and Massachusetts, and therefore, any environment al
conditions or diving activities peculiar to these areas my be sonewhat
exaggerated in this report.

* Sone of the reports were obviously inconplete and inaccurate.

* The near-m ss reports tended to be nore conplete and fill ed out by instructors,
particularly on accidents involving chanmber treatnent.

* The accident report reviewers did not make val ue judgenents, but recorded
apparently known facts or causes.

* In many case reports, certain facts were indicated, but due to |ack of
i nformati on, obvi ous i naccuraci es or no aut opsy bei ng perforned, these apparent
facts coul d not be countedinthis report. For exanple, deconpression sickness,
air enbolism heart attack, use of drugs, poor fitness, fatigue, cold or stress
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may have been i ndi cated but not explicitly reported. Information on the anount
of wei ght used, use of reserve or pressure gauge, inflation of the flotation
device and the type of ascent used were often omitted.

The t ot al nunber of causes exceeds t he t ot al nunber of acci dents as many acci dents
had multiple causative factors contributing to the accident. Also, due to
incompl ete reports, no cause could be determined in sone of the accidents.

* When t he revi ew of these cases began, 16 categories were devel oped for possible
contributing causes. After the review of several hundred cases, it becane
obvi ous that only eight useable categories existed.

* The reviewed reports included both general and training accidents of divers
certified or in training by the several different diver certifying agencies.

PROBLEMS W TH THE MOSES SOLE

Peopl e who have read about the Mdses sol e (Pardachirus marnoratus) and t he shark-
repelling fluidit secretes wonder why, if thisfluidis soeffectiveit is not being
used to protect divers and swi mers.

It has been found that though this toxin will repel sharks the effective use of the
secretion will require the solution of several problens. The toxinitself is very
unst abl e and sonme nethod of preserving it nust be found. Then, because chenicals
scattered around a di ver di spersetoo fast to provide effective protection, thetoxin
woul d have to be i ncorporated i nto an oi ntnent that a diver nmight apply to hinself.
It so, danger exists that the toxin may get into the bl oodstreamthrough the diver
sustaining a cut. The toxin is both a neurotoxin and a honotoxin and will attack
and destroy red blood cells. The ultinmate solution to this problemmay lie in the
way the sole itself escapes such ill effects. This is still being investigated.

(Reprinted by kind perm ssion of the | OF from Sea Secrets 1977; 21: 3)

| CEBERG TONW NG | S A SOUTH SEA BUBBLE

The i dea t hat Saudi Arabi a and Adel ai de coul d be supplied with fresh, though possibly
centuries old, water seens to have been put back (as one might say) on ice. At a
conference in lowa in Septenber, devoted to the theme of Iceberg Utilisation, Prince
Mohamed el Fai sat of Saudi Arabia suppliedice flown by helicopter froman Al askan
gl acier to cheer the del egates. Apricot nectar was added to shavings fromthe two-
tonne $7500 ice cube. And now Cicero, the conpany set up in France to tow a berg
to Saudi Arabia, has gone bankrupt and a number of people are left out in the cold,
col d wi nd of adversity. Apparently it was found that the ice m ght nelt when renoved
fromits natural environment. This financial nmisadventure is unlikely to cool the
ardour of future Merchant Venturers, as such persons woul d have been call ed i n days
of yore. |In fact the Oceanic Research Foundation has plans to take a berglet the
short tow fromthe coast of Antarctica to Macquarie |sland.

It islikely they intend something alittle stronger than apricot nectar with their
i ce cube when they reach their destination. But this is hardly a newinitiative,
for last century a sailing ship towed an iceberg to Valpariso in Chile. Men were
MEN i n t hose days!
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