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EDI TORI AL

Ther e have been several Di vi ng Medi ci ne neetingsinthe Austral asi anregi onthisyear,
a sign of the active interest being shown i n such areas of Medicine. Unfortunately
t he common overseas practice of mnimal or nil reporting of the contents of papers

has been followed i n nost cases. It is natural for many interested persons, unable
to attend such neetings, to wish to discover what was said. Such seekers after
know edge will in nost instances find it inpossible to shake their thirst for

i nformati on t hrough approaches to either the authors or the conveners. One i s nmuch
nore |l i kely to hear up-to-date thoughts at neetings than to cone across t hemi n books,
and even should The Proceedings |ater appear in print there is likely to be a
considerable tine lag. It is hoped that those involved will give thought at future
nmeetings to preparing brief notes on such papers and di scussions, with a w llingness
to make these avail able to anyone interested ... including Editors. The atnosphere
of a good di scussi onl oosens restraints onthe sharing of i nformati on and many a hi ghly
interesting case history is made public. |Inertia being one of the major forces in
the Universe, there is little likelihood that such cases will be formally witten
up at alater ti me, one excuse commonl y of fered f or keepi ng i nformati on secret ed away.
Al too often one reads that “a useful discussion followed” or that there was “a
presentation of cases”. The cynic m ght say that what i s needed i s nore case reports
and | ess generalisation.

As a particular exanple of this one can instance the Truk Meeting Report, a very
wel cone one but one whi ch notes the deci sion of those present that the use of octopus
rigs be nmade mandatory. No adequate reasons are given for what nust have been a
deci si on based on experiences at Truk. But just what did occur? Wre many people
runni ng out of air, why was this occurring, and what response had t hose i nvol ved made
in these incidents? It is hoped that the proposed report by Dr John Parer will be
available in a later issue but even now there should be nore information to back a
somewhat renarkabl e suggestion. |Is there any evidence that the buddies of those
runni ng out of air themselves had air reserves adequate for two divers or is this
t he desi gn for doublingtheincident rate? Nobody who listens to divingdoctors talk,
or watches them dive, will regard them as expert interpreters of safe diving
techniques in all instances. This may seemin retrospect, the equivalent of the
myt hi cal council that built a first aid post the foot of a cliff rather than erect
a fence at the top.

This i ssue ranges widely over the earth and the animals therein. W are favoured
with ahot-fromthe-penreport fromAmeri can NAU on i npressions fromtheir | ncident
Reports, the paper by Conmander Warner on the 1976 North Sea diving fatalities
associated with the off shore rigs, and his departnent’s circul ar concerning the
helicopter transfer facilities for divers still under pressure. Should such an
i ncident occur it is hoped that the problens encountered are rapidly circulated to
ot her areas as the probl ens associ ated with deep diving are truly International now.
Dr I an Unsworth, realisingthat not everybody has had t he opportunity (or invitation)
to work at the RNPL has supplied what may be the first of a series of articles on
keepi ng dry whil e underwater, while two sources have shown how one can get wet in
the bowels of the earth. Dr Tony Slark has sone highly pertinent remarks to offer
divers for their better safety. W are specially pleased to have the article by
Prof essor Harol d Heatwol e, an worl d authority on Sea Snakes. Here they are treated
as creatures who have a very satisfactory solution to the problemlife beneath the
sea’ s surface and not as bearers of poison fangs. There are al so a nunber of reports
on past events and sone ldle Talk. The Journal may be | ate by dates but there is
much here that is worth waiting for.

The NAUl report has nuch that deserves deeper study and di scussion, not |east the



finding that their (conscientious) instructors are encountering many incidents
during training. One can presunme to believe that the | owlevel of reports of such
i ncidents from other sources indicates a regrettably unacknow edged | ower safety
awar eness anong t he general ity of divinginstructors. Perhapsthey accept tooreadily
the occurrence of out-of-air situations in their pupils, as one exanple. Readers
may al so note a passing reference to the occurrence of Air Enboli smassociated with
even normal ascents. This nmatter is relevant to the do you/don’t you argunent
concerning the practising of “Free Ascent”, amatter it is hoped to start di scussing
in later issues. YOUR opinion will be welconed. The advice given concerning the
t eachi ng of ascent procedure deserves wi de di ssemnmi nation and this Journal is pl eased
to have the opportunity to act in this matter.

The nention of the inadequacy of infornmation supplied in sone reports, leading to
an inability to fully assess the nedi cal aspects of incidents, is yet one nore cry
for divers to help inprove their own future safety by sending full reports of
incidents. Dr Hattori, who we have published, is one of the sources quoted in this
report. Perhaps our SPUVS nenbers will now send sone of the information they have
to The Editor for STICKYBEAK ..

Commander Warner's paper shows that G| R g conditions can be fatal to divers. But
there are obviously great difficulties encountered in obtaining details of what has
occurred even where the Coroner or Procurator Fiscal becones involved. The task of

per suadi ng both divers and enpl oyers that the full truth will ultinately be |ess
expensive in cash and lives will be a hard and long one. Getting the Legislature
to allowflexibility in the application of The Lawwill be no whit easier. It is

hoped to have further papers from Conmander Warner, a prospect we wel cone.

Dr lan Unsworth is one of the fewnen in Australia who can | eave his office desk,
wal k a few neters, dive to 200 feet and never get wet. He nowtells of the tines
in the UK when he could do this to others under possibly | ess confined conditions
than at The Prince Henry Hospital. He has cautiously given his results without
of fering any conclusions. There are two natters worth i medi ate conment, one bei ng
t he unexpected fate of the attendants. They suffered a bends ri sk greater than that
of the subjects. Possible factors for consideration were the fact that the latter
exerci sed nore while at depth but rested, and were warmer, during the ascent. The
protective val ue of oxygen during the | ast 10 feet of ascent schedul e was noted. One
may renmenber that Toussai nt Recco exercised at his deconpression stops, so perhaps
we are not correct in present views about the place of exercise and rest in dive
profiles. The reduced response of the heart to the denands pl aced on it by exertion
under hyperbaric conditions nmay be anot her physical Iimtationthat will become nore
significant as other probl ens are bypassed. The use of Atropine, while beneficia
i n some ways, introduces new problens. Life wasn't neant to be easy ... for divers.

Fitness is always to be assessed inrelation to the task to be undertaken. In view
of thetotally unusual divingconditionstobenet inundergroundwaterfilled passages
it is salutary to have two reports on spel aeol ogi cal diving. Fewreaders may have
been aware of the significant differences in the conposition of air dissolved in
under ground waters or the rel evance of such a matter to air-over-water suitability
for breathing. And the | essening of rope strength in water after tying a knot could
be inmportant for safety planning. Dr Tony Slark has indicated several factors
significant for safe diving; it is obvious that our interests should be in no way
limted to the strictly nedical aspects of diver performance.

The decision of the Mnister of Defence, renoving the Insurance requirenments for
civilians attendi ng SUMcourses, is wel coned. Both parties, civilian and naval, are
likely to benefit fromgreater interchange of views and experiences. As civilian



di vers, both nmedical and |lay, have received somewhat similar course facilities in
the UK for a nunber of years wi thout wecki ng the Gosport or Al verstoke installations
it is expected that the SUMw Il suffer no damage fromthis concession.

And now you are free to read the articles thensel ves!

* *x * % * * *x *

LETTER TO THE EDI TOR From Dr MY Khan

Dear Sir,

| wel come t he appearance of a correspondence colum in the SPUMS Newsl etter. Since
reading Dr Knight's reply to ny letter | have started to prepare a review on deep
hypot herm a as he request ed.

However | have sone ot her queries toraise. Dr Knight nentionedthat M Awas “unabl e
to hold his water” and t hat he was unabl e to recol |l ect “recent past history”. Wthout
any clinical exam nation or investigation the patient was di agnosed as a case of
hypot herm a. Dr Knight should have ruled out all differential diagnoses. D d Dr
Kni ght excl ude hgpogl ycaem a, cerebral or coronary insufficiency, depressant drugs
etc. ?

* * *x k* * * % *

(The above letter has been abridged to retain the essential points. Edi t or,
News! et ter)

Reply by Dr John Kni ght

Dear Sir,

Dr Khan, perhaps quite rightly, takes me to task for not offering differential
di agnoses. | adnmit the fault but nedical witing should al ways be short and to the
poi nt. The point hereis that the only di agnosi s whi ch enconpassed t he whol e hi story
was t hat of hypothernda. M Awas nornal to clinical exani nation whi ch agai n supported
t he di agnosi s of hypotherm a. And one normal |y accepts t he obvi ous di agnosi s as bei ng
the right one.

I look forward to readi ng Dr Khan's paper.

* *x * % * * *x *

Protection for Hi storic Wecks

The Federal CGovernnent has declared that the Historic Shi pwecks Act 1976 applies
to waters adjacent to the coast. This has followed a ruling by the Hi gh Court
concerning the validity of some | egislation, arulingthat meant the West Australian
| egi sl ati on no | onger provided protection. The director of the Western Australian
Miuseum has been given powers to grant permits for exploration or recovery of
shi pwrecks and relics of historic inportance off WA. These w ecks i ncl ude the Dutch
ships Batavia, G It Dragon, Zuydorp and Zeewyk.



THE CARDI OVASCULAR RESPONSE TO EXERCI SE, W TH AND W THOUT ATROPINE, I N AR AT
8.5 ATMOSPHERES

| P Unsworth, BM FFARCS

Director, Hyperbaric Medicine, Prince Henry Hospital
Uni versity of New South Wl es, Sydney

Fi rst published at RNPL, 1968

ABSTRACT

In 5 subjects exposed to a pressure equi val ent of 250 feet on air, the peak
exerci se heart rate was reduced by 38%of that attained before pressure,
while with atropine the reduction was 24% It is suggested that the
bradycardi a of i ncreased oxygen pressure synergi ses with that of increased
nitrogen pressure, to produce this reduction. The relative increases in
conductiontimew thinthe heart structure nay be dueto nitrogen absorption
and the ventricular myocardium may be relatively nmore affected in
conditions of atropinisation.

| NTRODUCTI ON

Evi dence has been accunul ating that, at increased pressures of nitrogen and inert
gases, the pulse rates of subjects in both resting and exercising conditions have
been depressed. 1 3. 4 11 Sone inert gases such as xenon, exert this effect even at
at nospheric pressure?2, The exact nechanism of this action has not been fully
expl ai ned and the use of the el ectrocardi ogrammay be able to clarify the position.
It iswell established that oxygen breat hed at one or nore at nosphere’s pressure wil |l
exert a depressant effect on heart rate,> 6 that is vagal in origin.7 It was the
present intention to carry out an investigation of the pulse rates of resting and
exerci sing subjects at 8.5 atnospheres absolute in Air and to obtund the effect of
the increased partial pressure of oxygen, by the administration of Atropine. The
results fromfive subjects provide the basis for this prelinmnary report.

METHOD

The subj ects were heal thy unconditioned civilian volunteers aged from24-34. The
experinmental conditions were as near as possible identical for each of the runs made
by the 5 subjects and any undue apprehensi on was overconme by the nmen diving as
attendants for other subjects in the experinent.

The El ectrocardi ograns of the subjects were nonitored from four MRC silver disc
el ectrodesfixedtothelinbs, giving6clinical | eads by direct recordi ng on a Sanborn
mul ti channel UV recorder. Pul se rates were recorded from a Devices R R wave
i nst ant aneous rate nmeter, and exerci se pul ses counted fromthe paper record of |ead
.

A 500 cubi c foot chanber was used for the runs, the dept h bei ng 250 f eet gauge pressure
and rate of descent 63 feet per mnute. Time at pressure was 20 mnutes and
deconpression time 1 hour 41 m nutes, oxygen by mask was given for the | ast 10 f oot
stop of 25 minutes. Exercise consisted of a mnutes’ toe touching fromthe supine
position at the rate of 40 per m nute by netronone. This may be cl assified as severe
exercise. This was selected in preference to a bicycle ergostat or genini rubber
cord exercises, as it also involved a positional change from supine to past the
vertical of the trunk and enabl ed a qui cker transition fromexercising to conplete
rel axation.

The exerci se sequence was rest for 15 m nutes, exercise for one mnute, foll owed by
a further period of rest of 7 m nutes before the start of conpression. At 13 m nutes
fromstart of conpression (ie. after 9 mnutes at depth) afurther mnute’'s exercise
was followed by conplete rest till 13 minutes after reaching surface. Conplete 6



| ead traci ngs were taken, at rest before exercise. |nmmediately post exercise, and
2 minutes, 4 and 6 m nutes post exercises. At all other times, slow speed |ead |
nmonitored the ECG Pulse rates during rest were taken every ninute, and every 15
seconds post exercise for 2 mnutes.

The mai n t ask of the attendant who acconpani ed every subj ect was t o ensur e t he subj ect
was adequately covered with warmcl ot hing before deconpression and to fix the BI BS
mask on t he subject at the 10 foot stop. The attendant ot herwi se was at |liberty to
nove and occupy hinmself as he wished. The significance of this will be discussed
| ater.

The second section of the experinent required the subjects to repeat the dives after
receiving 0.6 ng atropi ne sul phate intravenously inmediately prior to the initia
rest period.

RESULTS

The results indicate primarily pulse rate val ues before exercise, at the peak of
exerci se and at 2 minutes post exercise, on the surface, at 250 feet and on return
tosurface. Wthout atropine, the nean resting val ue pre di ve was 56 beats per m nute
with an exercise peak of 197.

After 9 mi nutes at 250 feet, the nmean resting pul se rate was 55 wi t h an exerci se peak
of 121, show ng a nean decrease of 38.5% Onreturningtothe surface, the neanresting
rate was 51 beats per minute and on exercise, 183 beats/mnute. Pulse rate val ues
taken 2 m nutes after cessation of exercise were 75 beats/ mnute pre dive, 59 beats/
m nute at 250 feet, and 62 beats/mnute on return to surface.

After an intravenous dose of 0.6 ngs atropine prior to diving, the nean pul se val ues
changed; resting on the surface was 69 beats/m nute, exercise on the surface 182
beats/mnute. At depth, the resting pul se was 67 with a nean exercise val ue of 137
beat s/ mi nute, and a nean percent age decrease of 25%over that on surface. The post
dive resting level was 54 while this rose to 175 beats/nminute with exercise. Two
m nut e post exercise rates were 89 beats/ mnute on the surface, 78 beats/ mnute at
250 feet and 81 beat s/ m nut e post dive. The figures are expanded nore fully in Tabl es
| and I1.

The ECGrecordi ngs were exam ned and the PRinterval s and QT conputed and t abul at ed.
The QT intervals were corrected for heart rate by the formula of

QTC = QT
cycle length

The nean PRinterval for all the subjects ranged fromO0. 152 seconds pre exerci se on
the surface, to 0.168 pre exercise on bottom After exercising, the nean interval
further increased in length to 0.171 seconds, while after return to surface and
exercise, the nean fell to 0.148 seconds.

After adm nistration of atropine the mean pre exercise surface PRfigure was 0. 150,
shortening to 0.132 seconds after exercise. At depththeresting PRwas 0.148 seconds
but after exercise this shortened to 0.138 seconds. Post dive nean value for the
PR interval were resting 0.162 and post exercise 0.149 seconds.

The mean corrected QT on the surface pre exerci se was 0. 368 seconds ext endi ngto 0. 395
seconds after exercise. At depth the mean resting QIc was 0.380 seconds and 0. 388
after exercise. On return to surface, the nean QI¢c resting and post exercise were
0.372 and 0. 379 seconds respectively. Wth atropine the pre dive resting nean was



0.374, extending to 0.399 seconds after exercise. At 8.5 atnospheres, the resting
mean was 0. 393 i ncreasing to 0.408 seconds post exercise. Onreturnto surface, the
mean corrected QI was 0.366 seconds resting and 0.376 seconds post exercise.

Apart fromneasurenent of PRand QT i nterval s the ECGtraci ngs were exam ned for any
irregularity of rhythm |In no subject was any arrhythm a detected, except sinus
arrhymi a and this was noted to be abolished by atropine. Wve anplitude showed no
change of any significance.

During the actual periods of conpressionlasting 4 mnutes, the pul se rates of three
subjects fell inanarked|inear fashion froma nean pul serate precisely at the start
of conpression, of 112 beats to a nean of 62 beat s/ m nute on reachi ng depth 4 m nutes
later. It was subsequently notedthat this conpression-associatedfall didnot appear
after atropi ne had been adni ni stered.

DI SCUSSI ON

From several sourcesl.2,3,11 jt is beconmi ng apparent that nitrogen at pressure and
other inert gases at nornmal and rai sed pressures do have an inhibitory effect on the
pul se rate and cause a resting bradycardi a and decrease in exerci se peak.

Shilling (1936) found in his subjects a drop in both pul se rate and bl ood pressure
at 10 at nospheres of air. Pittinger (1953) whil e usi ng xenon at at nospheri c pressure
as an anaesthetic agent for nan reported a bradycardia and hypotension despite
prenedi cation with atropine. He also found that at 3%ATA, xenon gave quite marked
bradycardi a i n nonkeys. Unsworth, in published work, has found a definite depression
of both the resting and exercising pul se of nen in a 19/81%m xture of oxygen/argon
at 4 ATA.

Hel i umhas al so been reported as havi ng a pul se depressant ef fect by Hamilton (1966).
He not ed a sl owi ng of the resting pul se and a depressi on of the exercise peak i n oxy-
heliumat 650 feet. However, oxygen has been known to have this depressant effect,
both at nornmal (Daly and Bondurant 1962) and increased pressure (Salzano 1966),
causing a reduction of cardiac output of 10-12% primarily associated wth
bradycardi a rather than reduced stroke volune. This nmay be abolished by atropine
as used by Daly and Bondurant or by vagotony as shown by Whitehorn and Bean (1952).
But this oxygen effect was | argely overcone in the experinment of Hanilton by using
a gas nixture containing 1.5%oxygen at pressure, equivalent to 35%at sea | evel.
Pittinger, when usi ng xenon as an anaest heti c agent at at nospheri c pressure, enpl oyed
an 80:20 m xture of xenon and oxygen.

Inthe presented series of divesto 8.5 ATAwith air, oxygen partial pressure reached
1379.6 mm Hg or (1.76 ATA) and this may be expected to exert an effect on t he pul se
rate both resting and at exercise. Wth a viewto elinmnating this, atropine, by
i ntravenous injection, for speed of onset, was used. Exercise before and after
pressure in both atropinised and non-atropini sed subjects, showed the heart coul d
respond to exercise by attaining high peak values but at depth, there was a nean
exerci se peak reduction in the non-atropinised subjects of 38.5% with atropine the
nean reduct i on of exerci se peak was 24. 96% Thi s reducti onin exercise peak at depth,
on initial observation, would appear unexpected. Many factors operate at chanber
pressure that shoul d i ncrease the exercising heart rate above that attained on the

surface. Such factors (Table I11) include:
1. Increased air density resulting in
a) i ncreased resistance to body novenent ;

b) reduction of MW by approximtely 68% |eading to
c) CO, retention with raised alveolar pCO, (Lanphier 1963, Jarrett 1966).



2. Increased thermal stress. (Maxinmum tenperature at end of conpression 45°C)
especially with atropine.

3. I ncreased humidity.

4. I ncreased i nvol untary exertion caused by nmuscul ar i nco-ordi nation attributabl e
to nitrogen narcosis.

To produce a peak reduction, the agents that must be responsible are an increased
partial pressure of nitrogen and an increased partial pressure of oxygen. That the
reduction in peak is greater wi thout atropine, than with atropine, is suggestive of
t he oxygen ef fect bei ng synergistic wi ththe depressant effect of the nitrogen. Both
non- at r opi ni sed and at r opi ni sed exerci se peaks returned to the pre-dive | evel after
deconpression in all but one case.

Fromanal ysis of the ECG the PR interval and the QI interval (corrected for heart

rate) appear to be affected at depth, being prolonged in the non-atropinised dives
by a nean 12.58% and 5.56%respectively. However, the atropinised dives produced
a nmean reduction of PRinterval at depth of 7.55%yet an increase in the QIc of 9. 1%

Thi s di fference between t he non-atropi ni sed and atropi ni sed PRat depthis extrenely
difficult toexplainbut may berelatedtotheincreasedatrial conduction associ ated
with atropine. The increase in the lengthening of the QIc with atropine is also
difficult toexplainbut it nmay be due to the effect of anincreased inert gas uptake
at the greatest heart rate, both resting and exercising, during pressure, attributed
to the use of atropine. Theincreased pulserateresults in ahigher pul monary uptake
and simlarly in a greater nyocardi al uptake particularly by the |arger ventricul ar

tissue mass. It would seemthat inpulse transm ssion between individual cardiac
nmuscl e fibres of the ventricul ar nyocardi umi s nore susceptibletointerference from
ni trogen under pressure than the nore highly organi sed neuro-conduction system

bet ween atria and ventricles. Continuingwork onthese lines using other inert gases
i s being conducted.

The observed fall in pulse rates of three subjects froma nean peak i nmedi ately on
conpression of 112 beats/ mnuteto a nean | evel onreachi ng bottomof 62 beat s/ ni nute,
is, | believe, theretentionin the subjects of sone el ement of the manmal i an di vi ng
refl ex, whichinthese cases woul d appear to act in the absence of water contact with
the face, but in the presence of increasing air pressure. That it is a vagal reflex
is well-denonstrated by its abolitionwi th atropine. No conplications or undue side
effects were noted with the use of atropine. Al subjects reported dry nouth and
absence of sweating, and all were seen to have noderately dilated pupils. Two noted
that the exercise plus the I ack of sweating in the high tenperature of the chanber
(average tenperature at tinme of exercise 35°C) resulted intheir feeling pyrexic but
body tenperatures were not taken in this series. Exercise at depth produced a
pronounced peri-oral pallor in 3 of the 5 subjects but no abnornal feelings were
reported. On questioning at surface, the divers stated that with atropine, they felt
‘more alert’, ‘less sleepy’ and ‘nore energetic’, an effect that may be of interest
for further study.

An incidental finding to enmerge fromthe experinental series was the apparently
greater ‘bends’ risk of the attendant as opposed to t he subject. Conplete rel axation
with slowing of circulation during deconpression, and vigorous exercise after
deconpressi on have been | ooked upon as providing rather poor conditions for safe
bubbl e-free deconpressi onl0.12 particularly in association with maxi mal gas uptake
just prior toleaving depth. In 6 prelimnary dives, oxygen was not used on t he | ast
10 foot stop and from7 attendants, there occurred one bend and 4 ‘niggles’ but no
probl ens of any ki nd fromthe subjects. It is suggestivethat exercise at depth prior
to deconpression, by virtue of increased vasodilatation and bl ood fl ow nost active
during the first few deconpression stops, has a protective function. The subjects
al so, were always nade warm and confortabl e before deconpressi on, the tenperature



during which could fall to 3°Cat the first stop. The attendant soneti nmes negl ect ed
their own confort initially and nay have beconme chilled by the rapid fall in
tenperature, vasoconstriction prejudicing their chances of a synptons free
deconpr essi on.

This ef fect of pul se reduction at pressure represents the influence of only a short
exposure, inthis case 13 minutes. Wether in a nuch | onger exposure the heart and
cardi ovascul ar mechanisms will conpensate for this inhibitory effect is not at
present known, but obviously nust be investigated, particularly inrelationto long
termsaturation diving that has the express intention of enabling hard work to be
perfornmed for long periods at depth.
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TABLE |
RESTI NG AND EXERCI SE PEAK PULSE
RATES ON SURFACE AND 250 FEET

SUBJECT Sur f ace 250 feet - air % Decr ease Sur f ace
Resting Exercise Resting Exercise from Resting Exercise
Sur f ace
JB 50 180 57 100 444 54 110
cC 61 216 53 114 47.2 51 204
TS 54 186 51 114 38. 7 47 204
JT 40 210 49 156 25.7 43 204
U 75 192 65 120 37.5 62 192
MEAN 56 196.8 55 120.8 38.5 51.4 182.8
S. D +11.7 13.9 57 18.8 7.5 6.5 19.9
ATROPI NE
Subj ect Surf ace 250 feet - air % Decr ease Surf ace
Resting Exercise Resting Exercise from Resting Exercise
Sur f ace
JB 75 180 75 138 23.3 51 162
GC 68 180 69 138 23.3 58 168
TS 65 180 68 134 25.6 56 162
JT 44 168 53 129 23.2 45 168
U 95 204 72 144 29. 4 61 214
MEAN 69. 4 182. 4 67.4 136.6 24,96 54.2 174.8
S. D. +16.5 11.8 7.6 4.9 2.29 5.6 19.8
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Dl VI NG ACClI DENTS — WHY?
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 reconmendations 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 the divers are now deeper than t hey expected to be. Each
isgettingtiredandcold. Thefirst dive of the newyear finds themnore than usually
nervous.

Alate 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 little 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 equipnment 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, “Wat 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 si ckness, 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 misuse, 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 PROBLENMS
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 recomrendati 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.

Most cases i nvol ved over - ext ensi on of the tabl es but sonme 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.

E I

*

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 make
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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 nmay 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

Condi tions 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% Training 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 t hese 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 enent, 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 prment, 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 maintained 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 itenms listed as “trouble with regulator”)

L T

L R R D 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 using
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 unfamliar equi pment 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,
ent angl 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 subrersibl e pressure gauges and reserve warni hg nmechani snms
(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. |1t appears there may 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 IV
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 inflatingthe 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 wth general accidents and training 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 | 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, Provide conplete training in | ecture, pool and open water on buoyancy contro
during ascents, ascents, at the surface, at the bottomand in nidwater.
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 |l ook up as nuch as possible while making all ascents.
7. Make careful use of nmedical history fornms with nedical exanms 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 nmouth during ascents.

7. Not have students nake anyt hi 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 recommendati ons canme 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 ement. 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 di stinct contributionto reducing accidents from
other 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, “npbst 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
from dept h.

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 bei ng “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 control |l 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 dive, when to abort dives or why to limt 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. Get 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 equipnment 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 divers 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 perfornmed, 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 total nunber of acci dents as many acci dents
had rmultiple 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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DI VI NG PAPER
Commander SA Warner, MBE, DSC
Seni or Inspector of Diving - United Kingdom

For the past 2 years | have tried to keep you up-to-date with the progress that the
United Kingdomis making in the introduction of |egislation covering the safety of
of fshore diving. You may renmenber that the United Kingdomintroduced the O fshore
Installations (Diving Operations) Regul ati ons of 1974 on the 1st January 1975 and
these were followed very quickly by the Merchant Shipping (D ving Operations)
Regul ations in March 1975. Last year in July we introduced the Submarine Pi pelines
(Di ving Operations) Regul ati ons 1976. These three sets of Regul ati ons now cover al

the diving to dow th of fshore oil and gas exploration and exploitationintheBritish
sect or of t he European Conti nental Shelf. Thereasonfor this piece-neal introduction
was pure expediency. During this year it is our intention to replace these various
pi eces of legislation by a cormon diving safety regul ati on which will include not
only the offshore industry but also diving in docks, harbours and inland waters.

Last year | gave you the broad details of the fatal diving acci dents that had occurred
i n the whol e of Northern Europe since 1971 i n operations associated with the oil and
gas industry. You may renenber that the total for fatal accidents from1971 unti
the end of 1975 was 25. | would dearly have |iked to have cone here this year and
tol d you that that figure had not changed. Unfortunately in 1976 we had 9 fatal diving
acci dents offshore.

It is never pleasant to tal k about accidents but | believe that the salient points
and the |essons |earned from accidents should be nade public so that everybody
concerned can do their best to avoid making the same m stake again.

I n January 1976 a di ver was | ost whil st operating at a depth of 480 feet. H s death
was due t o drowni ng and, wi t hout goingintotoo muchdetail it woul d appear nost |ikely
that his main gas supply valve in the diving bell was accidentally shut. This is
why we have banned t he use of ball val ves for such systens unl ess they can be secured
positively open or shut. The diver concerned was carrying an energency bal e-out
bottle but did not use it.

Agai n in January 1976, a diver was | ost and anot her di ver very seriously injured when
a diving bell accidentally surfaced. Once again we learned a lesson fromthis
acci dent. The diving operation was bei ng conducted froma conparatively small vessel
and to avoid the ship novenent being inparted to the bell through the lifting cable,
t he bell wei ghts were so arranged that they hung bel owthe bell and coul d be | ower ed
to the sea bed and the main lifting cabl e sl ackened of f. However, during the diving
task it was necessary to nove the diving bell. During this operation the bel

accidentally surfaced with the bottom door open. Subsequent investigation showed
that sone types of seabed conditions can create a trenendous sucti on on a wei ght or
anchor or weight array far in excess of the actual weight of the ground tackle.

In May | ast year a diver was drowned whilst operating in 120 feet of water due to
the fouling of his umbilical in a tide way.

Anot her diver died from pul nonary barotrauna after a dive to 120 feet. This was
possi bly due to a dormant weakness in his chest.

Anot her diver was | ost through drowning whilst diving on air at a depth of 120 feet.
W are having considerable difficulty in pinpointing the actual cause of this
acci dent, but there are indications that suit inflation gas shoul d not be taken from
t he breathing system
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InJuly of | ast year anot her di ver was | ost whil st operating froma bargeinthe North
Sea and this was al nost certainly due to his main gas supply beconi ng di sconnect ed
at his mask. The design of his particul ar equi pment negated the val ue of his bale
out bottle under these conditions. | cannot say nobre as a prosecution has been
initiated.

I n Noverrber two di vers were | ost inwhat can only be descri bed as a surface interface
accident. After returningtothe surface both divers receivedinjury through contact
wi th the anchor bol ster or cow catcher of the installation and drowned.

On Christmas Eve another diver was lost on the surface and this is still being
i nvesti gated.

W are still in the process of analysing the figures that we have to date, and of
course this nust be a continuous process. The figures suggest a broad breakdown of
reasons sonething |ike:

human error 19
poor physical condition 3
i nadequat e training 6
equi prent failure 9
| ack of equi pnent 3
i nadequat e nmedi cal supervi sion 2
poor diving supervision 11
poor equi pnent nai nt enance 4
surface interface weather conditions 5

I

=

i nadequat e deconpressi on schedul es

You will appreciate that quite often there are nore than one or two reasons for an
acci dent occurring.

In addition, as | told you | ast year, cold has certainly been a contributing factor
in at |east three and probably nany nore cases. Because of this, one of the first
anendnents to the diving regulations is going to require external body heating for
di ves deeper than 50 netres, and in addition, respiratory gas heating deeper than
15 netres.

As a result of investigations into the various accidents, near-mss reports and
research programes the Departnent of Energy issued 20 diving safety nenoranda in
1976. They covered such things as advice on diving fromsmall craft and vessels,
advi ce on the diving bell weight systems, the use of high pressure oxygen in diving
breat hi ng systenms, advice on nedical energencies, defects found on conmercia
br eat hi ng equi prrent, first aid medi cal enmergency equi pnent that shoul d be avai | abl e,
danger fromsuction on ballast weights or diving bells, the use of self-contained
under wat er breat hi ng appar at us, advi ce fromajury during aninquest, advi ce on di vi ng
wi t h suppressed cat hodi ¢ protection on offshore installations, faults found in the
gas supply systems, advi ce onthe design of Iifting harnesses for abell diver, advice
on the need to test pre-m xed gases etc.

The probl em of bone necrosis is one that the industry has to face but | am pl eased
to say that all the indications at the noment are that this disease is not nearly
as bad as we once thought it nmight be for the deep diving i ndustry. |In the United
Ki ngdom bone necrosis i s accepted as one of the conditions arising under one of the
prescribed industrial diseases for which the industrial injuries benefits of the
Soci al Security Act can be paid.
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These regul ations apply to inshore diving only at the noment but will be expanded
to cover the offshore industry.

When a person contracts necrosis it will have to be registered and apart fromthe
i ndustrial benefits that may be available it should also help to clear the air in
cases of litigation. | believe that this is a very positive step in the right
direction.

We are continuingto study the probl ens of evacuati on of divers in saturation or | ong
deconpression. There are two phil osophies that have to be considered; does one
provide a seat in alifeboat for everybody or does one accept the nodern air trave
techni que where, of course, parachutes are not provided for every passenger

Hi story tells us that ina mjority of evacuation incidents the personnel concerned
woul d have been safer to have renained on board. | also dread the idea of a diving
bel | or conpressi on chanber being cast adrift in North Sea weat her conditions. These
pressure vessel s are not designed for this. Perhaps, in the long-termfuture such
a techni que m ght be entertai ned. At present our nmain effort shoul d be concentrated
on preventi on.

The proposed techni que of transferring a casualty from offshore to a pressurised
hospital onshore is another matter that is taking up nuch of our tine. The nedical
wor | d supports the concept and woul d |'i ke any doct or goi ng of fshoreto attend a “ci vil
engi neering type accident under pressure” to have the choice of dealing with the
patient in the chanber on the rig or transferring him under pressure to better
facilities. Unfortunately, the engineering involved is not sinple, the space
necessary i s not al ways avail abl e and the cost, not only of transferring a patient,
but continuously nmaintai ning a hyperbaric hospital operating theatre and all the
associ ated nmedical teans in deep diving practice is not cheap. One also has to
consi der the high pressure nervous syndrone problemthat nay be encountered by the
nedi cal teans.

The consideration of all these problens | eads us to the action that can be taken at
present. Thefirst needistonmintainlife. This may requireresuscitation, control
of bleeding, injections, etc. Under saturation or |ong deconpression situations
iMmediate first aid can only be given by the divers thensel ves.

The arrival of a nedical doctor can, in the North Sea, take from2 to 6 hours. In
other parts of thewrldit couldtake days. The doctor then has to go under pressure
and, depending on the depth, speed of pressurisation and the doctor hinself wll
depend how | ong, havi ng reached bottom before he can be of any use. This | eads ne
tothe firmconclusion that ALL DI VERS MJUST BE H GHLY TRAI NED | N FI RST Al D AND KEPT
IN TRAINING. This should be a mnimumrequirenent. |f the diving teamcontains a
para-medic, if therig nedic is also a diver, if all the divers can set up a drip
etc. these are all bonuses. One nust face the fact that it is going to be the divers
t hensel ves who provide that very inportant initial medical care.

| amat |east pleased to tell you that civil engineering type accidents and trauna
with divers is mninal

In the United Kingdomit is the duty of the enployer of divers to secure that
arrangenents are nmade under which enmergency services, at all tinmes while diving
operations are being carriedout, are abl e to proceed, by the nost suitabl e fast forns
of transport to the location of the operation in the event of an emergency which
threatens the safety, health or welfare of any divers. Wthin the next few nonths
a centralised diving nedical enmergency service will be established in the United
Ki ngdom
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It is quite unnecessary for ne to repeat the statenent that diving is a hazardous
operation and that diving in the offshore industry is even nore so.

One coul d of course, make diving absolutely safe by stoppingit. However, it is one
of the hard facts of Iifethat nonachi ne or techni que has yet been desi gned or i nvent ed
to replace conpletely the human under water.

The questionthen arises, for whose protection shoul d divingregul ati ons be desi gned?
There is absolutely no doubt in ny mind that diving legislation, and the diving
i nspector’s task to ensure that the legislation is inplenented, is for the safety
of the diver, a man under water first and forenost. It is also another hard fact
of life that the interface between the Diving |Inspectorate, the operational diver
and t he diving conpani es nust be very close. Fromour experience of operating the
of fshore diving regulations for the last 3 years it has becone obvious that close
Iiaison with the diving conpani es and the divers thenselves is essential. W have
alsofoundit essential for the divinginspectorstohave a sound background know edge
of all types of divingandthat they keept hensel ves up-to-datew ththe newtechni ques
which are being introduced al nost daily. This rapidly expanding technol ogy al so
requires flexibilityinlegislationto pernit theintroduction of newand often safer
di ving techni ques. W have found that the power to provi de exenptions fromcertain
parts of the regulations is absolutely essential.

* *x * *x * * *x *

APPEALI NG . . OR APPALLI NG?

Prof essor Carroll W/Ison, former general manager of the US Atomi c Energy Conmi ssion
and nowat the MT, saidin Sydney recently that there was a plan to dunp at om ¢ waste
on a Pacific Island. So far no island had been chosen but it woul d need to be one
far fromhabitati on and eart hquake zones and acceptabl e to the maj or powers (he didn’t
mention | esser powers!). The waste woul d need to be heavily protected and regul arly
checked and be pl aced either in the ground or in, say, 15 nmetres of water to act as
aradiationshield. He foundthe idea “i mensely appealing”. Wilethisis possibly
an advance over previous dunping in the Mediterranean and into Atlantic canyons or
down into the deep water stratain America, it will be regarded as a possible Health
Ri sk by many who are ignorant of the benefits of radiation in the food chain that
originatedinthe Cceans. Still, we cantake confort inthe words of Professor Wl |l ard
Bascon, quotedin a newspaper report as a “research engi neer and pi oneer scuba di ver”.
“You can't pollute the ocean. There's too nuch of it. You can barely add enough
to detect, to say nothing of damaging it”. He then said that frantic cries that the
seas are dying resul ted fromt el evi si on productions nore inclinedtodramathan fact.

Per haps Cousteau and the others need a course in marine ecology ...

THE HSS OF LIFE?

When Adel ai de reptil e farmowner Joe Bredl transported sonme of his speci nens i n sacks
in his truck he forgot that the term*“peer group pressure” could be translated to
nean that those at the bottom of the pile get squashed.

He was di smayed on arriving at his destination to find that his favourite taipan,
t he deadl i est snake i n Australia, had seenm ngly expired. Never oneto fail afriend
i n need, Joe pushed a straw down t he snake’ s wi ndpi pe and revived it by EAR net hods.
Coul d you successfully resuscitate a friend?
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SAFER SURFACI NG
Dr A GSlark

“What time is high water?”
“Haven't a clue.”

Thi s exchange between two divers, both boat owners at that, typifies the attitude
of too many towards t he sea. Ignorance and | ack of concern for the basic informtion
about theintrinsicallyhostileenvironment whichdiversw shtoenter isacontinuing
cause of accidents.

Every year, nore peopl e take up diving w thout having previously been involved with
any other water sport. Furt hernmore, the increasing professionalism of diving
instruction tends to pronote the early acquisition of sophisticated and expensive
appar atus wi t hout any ‘ apprenticeship’ inthe freediving. Thesetrends will devel op
a generation of divers of whommany will be | ess conversant with the noods of the
sea.

Diving fins and suits give an insul ation fromcold and manoeuvrability and speed in
t he wat er whi ch conpares nost advant ageously with the swi nmer not so well equi pped.
This inevitably leads to an exaggerated inpression of capability in the water,
al t hough swi mm ng speed is still very slowin real terms. For instance, the speed
of 1 knot i s near t he maxi mumaver age sustai nable. This is about 30 netres per m nute.
The speed of 40 nmetres per mnute cannot be kept up by the average diver for nore
than a very short period.

These figures are for divers wthout the encunbrance of apparatus. An inflated
buoyancy conpensator will dimnish this swimmng speed. A sack of crays or scall ops
will reduce it nmuch nore. The significant point about this is that tidal streans
of 1 knot or nore are very comon t hroughout New Zeal and. Furthernore, as t he speed
varies by the hour, it is possible to enter the water on a sl ack ti de and emer ge when
there is a greater set than can be swum against. Al so, the nmaxi mum stream varies
day by day, so that what is conpletely safe during neap ti des may be hi ghly danger ous
during spring tides. The places which divers are likely to find nobst interesting
to dive at are al so those pl aces which experience strong tides. Tidal effects are
greatest off rock pronontories, particularly if the rock faces are steep. Rock
pi nnacl es and archways will also funnel the tide. Another factor which has to be
borneinmndis that onthe bottomthe tidal effect is nuchless than onthe surface,
so that the diver’s maxi mum physical effort nmay be required when he has conpl et ed
his time under water and when he may be nost tired.

Recently, a diver was adm tted to t he R\NZN Hospi tal suspected to have been suffering
froma bend. She stated that she had been diving to about 70 feet for nearly half
an hour and, follow ng the dive, had needed to swmfor 30 mnutes to get back to
t he boat. She was not found to be suffering froma bend, but was in a state of conplete
physi cal exhaustion. This is hardly surprising in view of the very considerable
ef fort which she had been faced wi th throughout her diving. It nmust al so have been
associated with a great deal of anxiety. She made it back, but only just.

This time | ast year, a diver under sonewhat simlar circunstances, did not. H s body
was recovered on the bottomafter his buddy had swan back for assi stance to t he boat
- whi ch was obscured fromvision, on the other side of the headl and - after they had
surfaced fromtheir dive, feeling very tired.

Al t hough a diver’s swinm ng speed is snmall, the distance covered during a short dive
may be quite sufficient totake hi mbeyond the range of vision of his support vessel.
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Ther e are f ewof us who have not at sone time or ot her sat in aboat, anxi ously scanni ng
the distant horizon for two small heads one had | ast seen entering the water sone
40 mi nutes before. Likew se, nost of us have had t he experi ence of surfaci ng behind
a support boat which seens to have sailed without its npbst inportant passenger

Diving in a tideway, or upon a subnerged reef, adequate surface support for a diver
is of even greater inportance. Furthernore, if divers arelikely to be carried away
fromt he support boat, sone nmet hod of i ncreasingthevisibility onthe surface should
be carried. In the Navy, all divers have a snoke and light-flare attached to their
di ver’s knives, which is replaced periodically to make sure it is functioning when
necessary. Although such a systemmay not be suitable for an amateur diver, sone
formof inflatable buoy or snall flag in rescue orange could easily be carried by

the diver in such away as to increase his visibility on the surface. | have noted
that divers also tend to over-estinmate howreadily they nay be seen on the surface.
In addition, light conditions and the state of the surface water nay change quite

dramatically during the course of even quite a short dive

Records of diving accidents reveal repeatedly how i nportant the interval between
surfacing and getting back aboard is. |If prolonged, any disorder provoked during
the divew || be exacerbated. The chances of beconi ng bent, for i nstance, are greatest
i mediately after surfacing, and are increased by strenuous exercises such as
swi mmi ng. Furthernore, none of the diving tables were designed or tested with such
a pattern of activity innmnd. Geater risks, therefore, are taken by the di ver who
enters the water fromthe shore, using scuba apparatus. Yet this is just what the
novi ce may rush to do with his brand newgear. Al divers, both veteran and novice,
nmust dive withinthe limts of their capability, both with regard to experience and
physical fitness, and relate these qualities to the conditions likely to be
experienced when back at the surface.

* *x * *x * * *x *

EXERCI SE, LI KE SEX, SHOULD BE REGULAR, SAYS DCCTCOR

Dr Harry Lander, at the Uni versity of Adel ai de, has spoken up after a coupl e of heal t h-
seekingjoggers fell dead after their exertionsrecently. Hesaidthat alot of people
are seen in the Adel ai de Hospital who have di scovered that they have pushed it too

far. The nost strenuous exercise nost people take, he comented, is regular
breathing. He added “it’s the sane with sexual intercourse, you' ve got to keep at
that, otherw se you can drop dead there too”. He gave his exercises as breathing
and flying.

Natural ly the National Heart Foundati on doesn’'t accept this defeatist talk. Dr John
McPhi e, Medical vice-president, replied that “there is anple evidence that people
who exerci se have a | ower incidence of heart attack. The sudden death of a 25-year-
ol d can happenin front of the televisionjust as easily as while jogging. |t depends
on whether there is an existing predisposition.”

It is not certain whether divers let all aspects of their health becone negl ect ed,
but it is best to keep the above advice in mnd ........
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SEA SNAKES, A CONTRAST TO OTHER VERTEBRATE DI VERS
Har ol d Heat wol e

Sea snakes have a nmaxi mum capacity of diving to 100 netres depth and renmi ning
subrerged for two hours, after which they canriserapidly tothe surface, take only
1-3 breaths and then return to the bottom Despite the depth and duration of
subrer gence, they do not become anoxic, contract an oxygen debt or suffer the bends
(Heatwol e and Seynour, 1975 a ,b, 1976, Seynour 1974, Seynour and Webster, 1975,
Heatwol e et al ., 1977). The neans whereby such diving feats are possi bl e woul d seem
to be of interest to specialists in diving nmedicine and consequently are outlined
in the present paper.

Al t hough there are special adaptations involved in the diving physiology of sea
snakes, there are certain characteristics of the general reptilian node of Iife which
differ fromthat of nmammal s i n ways conduci ve to | ong peri ods under water. The chi ef
of these is ectothernmy.

Reptiles rely primarily upon external sources for body heat. Their body tenperature
may nmerely approach that of the external environment and fluctuate withit, but nore
often there are behavioural neans (such as basking, shade seeking, etc.) of
maintaining it within a certain range (Heatwole 1976). Al though a variety of
physi ol ogi cal , especially cardiovascul ar, adjustnents aid in maintenance of body
tenperature (Wite 1976), endogenous production of heat is not a very inportant
factor. Mich of the food energy consunmed by endot herms (namal s and bi rds) goes into
chemi cal thernopgenesis and the mai ntenance of a relatively high body tenperature.
Consequently, they have a high netabolic rates in conparison to reptiles which do
not have such an energy requirenment. It isfor thisreasonthat reptiles can go weeks,

or even nonths, wi thout food and not suffer nutritional problems. |In general, the
resting netabolicrate (and the resting oxygen consunption) of reptilesis only about
14-29%t hat of a mammual of conparabl e size (Figure 1: Bennett and Dawson 1976). In

diving terns, this nmeans that a reptile could be expected to renai n subnmerged 3-7
times as long as a simlar sized mamral on an equi val ent anmount of air before becom ng
anoxi ¢, or requiring special mechani sms such as anaerobic glycolysis. This effect
i s further enhanced by the fact that reptil es have | arger | ung vol unes t han do namal s
of equival ent size (Figure 2. Wod and Lenfant 1976). Conbining the effect of |ow
nmet abolic rate and | arge | ung vol une, the advantage a reptil e woul d have over namal s
in terns of aerobic diving time would be many fold, even w thout any social

physi ol ogi cal adaptations. It would appear that even nost |and reptiles could be
acconpl i shed divers if they chose to do so. Indeed, a variety of species that are
otherwi se terrestrial or arboreal will junp into water and subnerge for | ong peri ods
as a neans of escaping predators or nman (see Heatwol e 1975). |n nany aspects, sea

snakes do not show any nodification of the general reptilian plan. For exanple, the
net abol i c rate of sea snakes is not | ower than that of an equival ent sized | and snake
at the sanme body tenperature (Heatwole, in press). Simlarly, the haenopgl obin
content, bl ood oxygen capacity, oxygen dissociation curve, degree of Bohr shift and
ot her bl ood characteristics of potential inportanceto divers does not seemto differ
mar kedl y anong sea snakes and | and snakes (Heatwol e and Seynour 1976, Heatwole in
press).l

There are several ways, however, in which sea snakes differ fromland snakes that
woul d seemt o be of advantage to the diver. The lung of nost snakes is a sinpl e tube.
The anterior region (really an expanded trachea known as the “tracheal |ung”) and
m ddl e portion (bronchial 1ung) are highly vascul ari zed and are i nvol ved i n exchange
of respiratory gases. The posterior portion (Saccular lung) is nmenbranous and
receives only nutritive blood vessels. Consequently, it is not involved in
respi ratory gas exchange. Surgical ligating and deflating of this portion decreased
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the voluntary submergence tines in sea kraits whereas it had little affect on
| oconotion or ability to nove upward or downward i n t he wat er (Seynour and Heat wol e,
in press) suggesting that its prine function is respiratory (perhaps air storage)
rather than buoyancy control. Land snakes have respiratory problens (during
prol onged swall owing of large prey, or when buried in sand) and the above |ung
structure is not unique to sea snakes. However, |ung volune seens to be larger in
sea snakes than in terrestrial species; often the |ung extends fromthe neck to the
posterior part of the body cavity.

The mai n physiol ogi cal diving adaptation that sea snakes have is the degree of
cutaneous respiration.?2 Land snakes have a very low rate of cutaneous gaseous
exchange, and only a small proportion of their respiratory requirenments are nmet in
this way. |In contrast, in sea snakes as nuch as one fifth or in some individuals
one third of the resting oxygen requirenents can be net by uptake through the skin
and nost if not all of the CO; can be elinm nated viathis route (Gaham1974, Heatwol e
and Seynour 1975; a, b, 1976).

Because of the conbination of cutaneous respiration, large lung volune and | ow
net abol i c rate, sea snakes can renai n aerobic under water for |ong periods of tinme.
Seymour and Webster (1975) have shown that during extended voluntary dives snakes
remai n aerobi ¢ and do not produce nmuch lactate. Indeed, sea snakes are just as
sensitive to anoxia as are | and snakes and | i zards and are nmuch nore sensitive then
are freshwater turtles (Heatwole, in press). Only in energencies (ie. when forced
to remai n under wat er | onger than t he vol untary subnergence ti ne) do sea snakes resort
t o anaer obi osi s.

Cut aneous gas exchange is not only inportant directly in respiration, but has
i mplications for a nunber of other aspects of diving. For exanple, |oss of CO via
the skin nmeans that it fails to replace the gas volune | ost through utilization of
| ung oxygen and thus snakes decrease in buoyancy with increased subnergence tine.
Simlarly, one of the major influences preventing the bends is probably the | oss of
bl ood nitrogen directly to the water via the skin.

One of the nobst inportant effects of cutaneous respiration is that it alters the
significance of the circulatory systemin diving. In order to understand this
relationship it is necessary to contrast two nmaj or nodes of circul atory adaptation
to underwater life.

Most vertebrate divers (including manmal s, birds and perhaps sone reptiles) respond
to subnmergence or apnea by (1) vasoconstriction of the peripheral and spl anchnic
vessel s, resulting in (2) anaerobic glycolysis during which accurmul ation of lactic
aci d occurs, and an oxygen debt is incurred which nust be pai d back during breat hi ng
at the surface. Acconpanying this is (3) bradycardia with the blood-flow circuit
reduced to serving vital areas such as the heart and brain (Andersen 1966).

As indicated above, the last is characteristic of sea snakes only in energencies;
usual Iy they produce very little lactic acid, remai n aerobic throughout their dive,
and do not breathe at the surface | ong enough to di ssi pate an oxygen debt. Al though
there are heart rate changes during the diving cycle. Heatwole (1977) has pointed
out that they are not associated with the rest of the above syndrone and consequently
they cannot be considered as diving bradycardi a. Rat her, they represent brief
el evations of heart rate just prior to and during breathing (breathing tachycardi a)
which results in rapid lung perfusion and gaseous exchange during ventilation

Cut aneous gaseous exchange would seemto be inconpatible with the above syndrone
because of the opposing denands for perfusion of peripheral tissues.
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For cutaneous respiration to be effective, the skin nmust be perfused and peri phera
vasoconstriction woul d be a di sadvantage. For peripheral anaerobic glycolysis and
husbandi ng of |ung oxygen for vital centres, vasoconstriction is essential. Mst
vertebrate divers seemto respondinthe latter way whereas the sea snakes have opt ed
for the former strategy.

The circul atory systemof reptil es al so plays another role indiving. Thereptilian
heart is unique in vertebrates in that (1) there are two separate systenic arches
| eading from the ventricle, and that (2) the ventricle is divided into severa
subchanber s whi ch can conmmuni cate with each other at | east under certain conditions
and at certain points of the heart beat cycle. Alteration of intracardiac pressure
relationsresult i nsone of the systenic venous return bypassingthe pul nonary circuit
and leaving the heart via the left systemic arch (right-to-left) shunt).3 Thus a
reptilian heart permits aflexibility of function |lacking in the manmalian heart in
whi ch t he system ¢ and pul nonary venous returns are nandatorily conpl etely separate.

Interns of diving4, the significance of such shuntingis probably that | owperfusion
of the lung, when subnerged, results in a gradual uptake of |ung oxygen over a | ong
time without a large elevation in blood oxygen |l evels. The | ower the bl ood oxygen
| evel , the greater woul d be t he oxygen gradi ent across the skinandthe nore effective
woul d be cut aneous oxygen uptake, and the greater the proportion of the total oxygen
requi renents that woul d be obtai ned via the skin. Also, alowperfusion rate of the
lung woul d result inareducedrate of nitrogen uptake fromlung air and woul d decr ease
the risk of bends.

Insunmmary, thereptilian node of lifewithits associated ectotherny, | ownetabolic
rates, large lung volune, and functionally flexible heart has in a real sense been
a pre-adaptation for a diving existence not enjoyed by manmals. | n sea snhakes,
devel opnment of cutaneous respirationhas servedto enhancethose basic characteristics
and has resultedinadifferent type of circul atory response to di ving than that found
in nmost divers; cutaneous respiration is also related to buoyancy control and
prevention of the bends.

Foot not es:

1 By contrast there are sone aquatic snakes of the fam |y Acrochordi dae that do
have a greater Bohr shift and a | ower metabolic rate than do | and snakes or sea
snakes.

2 There are al so avari ety of nor phol ogi cal adapt ati ons such as paddl e-shapedtail,

nostril val ves, and val ves formng a tight seal when the nouth is closed. Al so,
a najor adaptation to the salinity conditions of the sea is a salt excreting
gl and under the tongue which aids in osnoregul ation (Dunson 1976).

3 The right systenic arch carries blood to the head as wel |l as the body and tends
to receive primarily oxygenated blood at all tines. The left systemic arch
suppl i es the posterior body and when oxygenat ed and unoxygenat ed bl ood i s m xed
it tends to exit fromthe heart via the left rather than the right arch (see
Webb et al. 1971 and White 1976 for a detail ed discussion of the anatony and
bl ood flow pattern of reptile hearts). During ventilation, perfusion is
soneti nes enhanced by a left-to-right shunt.

4 The significance of such shunting also lies in the ability to alter the heat
transport function of the blood during basking and other thernoregul atory
behavi our and still maintain oxygen transport capabilities (see Wite 1976).
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SPEAEOLOG CAL DIVING I N THE UK - SOVE PROBLEMS AND FATALI Tl ES

(This article is based on reports printed in the Cave Diving G oup Newsletter and
made avail able by Dr Aiver Lloyd. The Editor)

The type of di vi ng undertaken by nmenbers of the Cave Di vi ng G oup bears no resenbl ance
to that undertaken in the Florida or Mount Ganbi a freshwater shafts and caves. The
first and nost significant differenceliesinthe notivation, the secondinthe type
of spaces entered. These people are intent to continue their exploration of
under gr ound passages beyond t he point where a water bl ock i s encountered and regard
their breathing aid as atool for this purpose. They are not, it woul d appear, divers
who are desirous of a new experience but cave explorers who refuse to be thwarted.
They hope to find newcaverns or establish a physical conmuni cati on between di f f erent
under ground wat er - f or ned passages. They are, hopefully, used to nmaki ng a col d wet,
dark way through narrow passages where their personal skill and expertise is
constantly under test. Though a certain reliance on others nay be present the nost
successful have been described as “thrusters”, a personality trait that nmay assi st
survival under difficult circunstances yet predi spose to an early death. Accidents
in this sport, as in general, are frequently the result of a nunber of factors
occurring sequentially with unpleasant consequences. That such “divers” suffer
fatalitiesisless surprisingthanthe undoubtedfact that so nmany survive! The stress
limts of the human body, and spirit, are high indeed. The nam ng of one locality
“the RectumPassage” may i ndicate to readers sonething of the flavour of this sport
and recreation.

In 1964 the Cave Diving Goup (CDG newsletter published suggested guidelines for
their nmenbers. It was advised that there should al ways be a stand-by diver ready
at base to of fer assistance, that the diver nust have a | i ne connection wi th his base
and have a 100% safety margin of air. Time and experience have shown the
i mpracticability of the first when exploring narrow passages, for there is no way
i n whi ch the second di ver can gi ve t he | eader assi stance. |t was suggestedthat diving
be by pairs, a spare breathing set be carried and two-way telephone speech
communi cation be set up between diver and base. Only the second suggestion is
honour ed, and then only when specially |l ong dives are planned. There is a highrisk
of grit entering the nouthpiece of the reserve set, one cause of downstream val ve
leak. The limitation of the buddy systemwas illustrated by a quoted case where the
first diver was slinmer than his conpanion. This diver squeezed through a narrow
openi ng and t hen suf f ered a downstreamval ve | eak. Luckily, al though only atrainee,
he was able to control it by having one hand on the bottle tap: |lucky, for the
instructing diver could not get past the narrow section. Self reliance is indeed
a necessity!

The first attenpts to pass water barriers were by breath-hol di ng duck-di ves, a form
of heroi smnost woul d eschew. The i ntroduction of snall scubaair bottlestocivilian
uses enabl ed | onger barriers to be forced. Such air sets are often hand-held, for
there is often too little roomfor the diver hinself, | et alone one wearing a tank
and backpack. The personality profile of anyone who wi shes to undertake this type
of riskwill rarely include aliking for regimentation, soit is not surprisingthat
many appear to | earn by experience rather than t hrough t he sl ow but -t hor ough net hods
of the BS-AC. It is arguabl e that they intend a somewhat different use of their diving
skills and are in fact constrained so strictly by their environment that they are
bottl e users rather than scuba divers. Nevertheless at |east one of those killed
was a qualified and experienced diver as well as bei ng one of the nost admired cave
di vers of these days. The follow ng | nci dent Reportsillustratethat notw thstanding
the differences, there are simlar general safety principles operative as in open
wat er di vi ng.
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Case 1 Alan had 6 years of cave exploration experience but this was his very first
attenpt to dive. He bought his gear on the Friday afternoon and on the Saturday
afternoon junped into Kel d Head, | ost theline after 30 feet and cane out very shaken
(125 ats down to 110 ats). He had a fag with his nmates and went in again. Mvenent
on the line was felt for 20 minutes. After 30 minutes the CRC was called. There
were no cave divers present but there were two sub-aqua types there who went in for
about 30 feet to | ook. Woding was the first active diver there and he i medi ately
checked the first air-space. The line was very slack and had got very tangled. He
prepared for a second di ve and found on checking that the line was infact dead sl ack,
so pulledit out. The end appeared to have been freshly cut with a knife, but this
was not certain. He then dived onthe oldIline, whichendedupinthefirst air space
agai n. Despite prol onged searching by several divers the body was never recovered.
The victi mwas aged about 21 to 24 years.

Case 2 Steve had the unfortunate honour of being the fourth drowning in this cave
(Perth yr Ogof). He was one of a party of four University students which approached
the resurgence fromwithin the cave. Only the | eader was wearing a wet suit. He
and No. 2 decided to swimthrough the resurgence, while No. 4 decided not to. It
i s not certain whether No. 3, the victim had decided to swimor not. It is not known
whet her he could swim When Nunbers 1 and 2 had energed they | ooked back and saw
the I'i ght of No. 3 under the archway i n about 15 feet of water. No. 1l triedto reach
hi mbut the buoyancy of his wet suit prevented hi mfromdiving sufficiently deeply.

The al armwas gi ven and sone nenbers of the CDG who had been di ving i n anot her cave,
arrived about 50 minutes later. One donned wei ght belt and nask and reached the
Steve's body, tying a line to an ankle. He was lying in clear water on his right
side, facing upstream There was no entangl enent. The victim aged about 19 years,
was wearing old clothes, a boiler suit, a good hel net and an Edi son cell for Iight.
He had been down a cave once previously.

Case 3 This victim Paul, was a 19 year old University student who excelled at all
wat er sports and was a particularly good swimer. He had achi eved the Di pl oma of
t he Royal Lifesaving Society and taken up diving about three years ago, |ogging a
total of over 80 dives. He was President of the Underwater Club at his University
at thetinme of hisintroductionto cave diving. H s underwater confidenceis attested
to by two incidents; inthe first he managed underwater voniting in a cal mmanner,
while in the second he nade a successful return after followi ng tangled Ilines up a
bl i nd passage undergroundinnil visibility. Inthe fewnonths he cave-dived (August
1970 till February 1971) he becane recognised as an outstanding Cave Diver,
experienced in solo exploration under difficult and extremely adverse conditions.
The fatal dive was nmade only after careful briefing, but he nmade one nistake. He
started upstreamusing a single 40 cu ft bottle with an enpty line reel to take in
| oose |ines which abounded. He committed the error of having the line he was
foll owi ng, which would have | ed himhone, for one whose upper attachnent had cone
| oose (or been cut | oose by vandal s). He apparently had used nost of his air before

realisingthelinewas not | eading himtoanexit. Wenfoundhewas still inasw mrng
position, holding the line with his Ieft hand and with the nout hpiece firmy held
inhis muth. He was still inthis position a week later. The force of the current

and the narrowness of the passages made body recovery inpossible.

Case 4 Shaq is reported to have been a very good swi nmer and to have done sone open
wat er diving. H s cave diving experience however was quite snmall and he was possi bly
pressing his luck in at tenpting a difficult sunp ... but inexperienced divers by
definition cannot knowtheir limtations and unl ess they are pushers will not reach
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them Apparently he had dived into an unexplored tight static sunp at 3 pm | eaving
his “sherpas” at the entrance. They received three line pulls, to say that he was
t hrough, after 15 feet of |line had been used. The line was tied round his wist and
base fed. He did not return and the Iine appeared to be tied off so in due tine the
al armwas rai sed. He had entered the sunp feet first, without a wei ght belt because
t he passage was extrenely tight. The body was reached sone five hours later - atask
requiring thrutching while holding a 60 cu ft bottle. It was 15 feet in, mask and
nmout hpi ece out of position, lying face up with mouth closed. The bottle, a 14-20
cu feet fire extinguisher type one, was enpty. It was stated |later that the demand
val ve had a rupt ured di aphragm though this is questioned. H s light and hel net were
mssing soit is surmisedthat his light had failed after passing the sunp, for “it
was a bit dodgy when he went in”, and he had attenpted a return in the dark. As he
was under wei ghted he may have scraped the roof and | ost his nmask, an unsettling
occurrence even in an experienced swinmer. The line was attached to his wist at
the tinme of recovery.

Case 5 Roger first becane interested in cave exploration in 1962, an i nterest that
devel oped greatly and extended into cave diving when he later went to University.
He or gani sed many di fficult surveys of cave systens and it was i n furtherance of this
activity that he died. The dive had been carefully planned and all the equi prment
brought up in preparation for an attenpt to force what appeared to be an easy sunp.
Bot h di vers i nvol ved were hi ghly experienced and used t o wor ki ng t oget her. They t ook
three cylinders each, aline reel and a pair of boots. The tads were deposited in
the airbell between sunmps 2 and 3 for use on the dive out and they then continued
into sunmp 3 with full bottles. Their progress was uneventful. After donning the
boot s an arduous way was nade al ong an often deeply i nci sed, narrowand watery trench
inthe floor of alarge passage. Hal f an hour | ater the objective, sunp 4, was reached.
It was deci ded to di ve together, yet independently if at any point either diver felt
uncertain and wi shed to turn back. They swopped nain val ves onto two full bottl es,
retaining the others in reserve. Roger had two positively buoyant bottles, and was
underwei ght, while his conpanion’s were negative. From here on they were in
previously unexplored territory.

Roger set off first, laying the line froma 400 foot reel while the other foll owed
a fewfeet behind with a 1,000 foot reel. The passage was spaci ous, about 20 feet
wi de and 10 feet+ high; visibility was 12 feet. The dip, in excess of 50 feet, was
clearly noticeable at the sunp pool and was maintained if not increased within the
sunp. On several occasions Roger had difficulty inclearing. At the end of the reel
the depth was estinmated to be 50 feet and showi ng no sign of surfacing. After
consul ting his gauge the second diver tied on the second reel and assuned t he | ead.
Roger at this point cut his reel free fromthe line and attached it |oosely via a
short “junp line” back totheline. After about 100 feet a sharply ascendi ng grave

bank was encountered. The passage here was about 10 foot wide and 5 foot high. A
gl ance at the rear showed no si gn of Roger but alittlelater he was seen and cont act ed
and the signal given to start the return. The buddy reached t he pool safely and was
then incapacitated for a time with an acute head pain. The failure of his friend
toreturn gave himalarm especially when he found that the |ine had becone sl ack

The line pulled out easily and it was seen that it had been cut at a point 30 feet
beyond the junction of the lines and no | onger had any reel attached. Feeling shocked
by this discovery the survivor made his return to the surface, finding that nobody
had renmi ned at base. A search was then organised in the hope of finding the body,
with only the faintest chance that Roger had survived in an air pocket. However no
trace of the victimwas found.
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Case 6 A nmultiple tragedy occurred when a party of six cavers who had gone down
Langstroth Pot, abseiling the pitches, attenpted to exit by the three sunps in
Langstroth Cave. These sunps are first, going downstream one that starts at the
foot of the last pitch (5.5 feet), then there is a short canal and the second sunp
(8.5 feet) and the third (11 feet). Between these, well over tothe left, is an air
bell in which the line is belayed. This measures 7 feet long x 2.5 feet wide x 4
feet high and has 3 feet of water. This air bets quickly used up by divers.

The | eader of the party dived first and had sone trouble locating the line in this

air bell. He thought he was being foll owed by the others, so when no body cane he
gave the alarm The Rescue and Recovery party | ocated one body 8 feet inside sunp
3 and a second just beyond. Athird body was found in the snall air bell, face down

inthewater. The rescuer, a Wl l bank, dived yet agai n, expectingto find nore bodi es
inthe other two sunps; he was i mensely relievedto findthe other two cavers waiting
at the bottomof the final pitch. Supplies were ferried through to the survivors
tocover thetineuntil the sunps coul d be punped dry. The fifth di ver had been pul | ed
back by the | ast of the party when he was observed to be in difficulties with his
attenpt to reach the air bell. The rescuers noticed that the “bell” air tasted foul
when the victins were reached.

Case 7 A CDG nenber on holidays in Spain was lost in a dowmnstreamsunp. This was
situated about 600 feet underground, 3/4 nile fromthe cave entrance. The victim
apparently suffered an underwat er bl ackout, it is presuned, in passing this 4 foot
hi gh x 10 foot wide sunp. H s line reel was found 150 feet beyond t he obstruction.
H s buddy nade unsuccessful attenpts to locate himinthe nil visibility conditions
that prevailed, and |l ater searching was no nore successful

These cases cover the 1971-1976 period and i nvol ve persons in no way related to the
CDG in addition to their menbers. The CDGis alert to the need for assistance in
case of underground accidents to cavers as well as to their own nenbers. They have
retrieved the body of a boy lost froma party and drowned in an underground | ake,
and ferried equi pment and a stretcher to a caver who suffered a fractured pelvis,
giving aid while the sunps were punped dry. They have even persuaded “vol unt eers”
to submit to being passed through a sunp with “rescuers” holding the air bottle for
the “victinm’ in the carrying sheet. Six feet nmust have seened to stretch forever,
for one of the volunteers had never dived before!

Dr Ll oyd has commented that the cases illustrate that a nunmber of factors seemto
play a part in determ ning the fatal outcone, i nstancing cases 4 and 5in particul ar.
Shaqg had little experience, and it is only with experience that little troubles can
be overcone early and prevented from beconing big troubles. He |ost his nask, he
was underwei ght, the sunp was tight. It is not confortable to turn upside down and
craw along aroof as water inthe face mask then runs all over the face and t he val ve
doesn’'t deliver air soeasily. In Roger’s case there seens to have been a successi on
of little troubles: he was underwei ght, he had sinus clearing problens and finally
he nmust have had a line problem for he cut it.

Cavers and cave divers face ri sks fewothers woul d accept “for all the teain China”
Their bravery is unquestionable. Perhaps it is too great on occasions.

APPENDI X A - SUW AIR

It needs to be remenbered by all sunpers and not nerely cave divers that sunp air
has a different conposition fromfresh air. Although it contains nore (33% oxygen
it also contains a very high proportion of carbon dioxide (2.9%. This is because

42



sunp air isinequilibriumwith the air dissolved inthe water. Therefore the gases
are present in proportiontotheir solubility inwater. Oxygen is nore soluble than
nitrogen, but CO2 is very soluble indeed and is present in a hundred tinmes as great
an amount as it is present infreshair. Wenthe CQR2 | eyvel exceeds 3%it gives rise
to disconfort. Were it rises above 5%it can nake you fl ake out, regardl ess of how
much oxygenis present. Thereis no question of the air being “used up”. What happens
that it gets poisoned with a |ethal concentration of CO2.

APPENDI X B - SUCCESSFUL APPLI CATI ON OF EAR TRAI NI NG

A nenber of the CDG wote to thank Dr Lloyd for the training in |ifesaving he had
received. The following incident report illustrates, in a possibly extreme form
sonme of the problens that nmay face the first aider:

“W were canoeing on ariver and stopped for a qui ck beer. Suddenly on the other
side there was a conmotion and | sawthemdraggi ng a body out. | swamover and found
about twenty youths just hitting the body around the face. That, | guess, is the
one thing that one doesn’t face intraining, the difficulty of dealing w th a nunber
of panic stricken friends and relations. The victimhad been under for between 5
and 10 mi nutes: no breathing; heart stopped (I actual | y renenbered t he signs); bl ood,
wat er and nucus was pouring fromhi s mouth. That i s anot her thingthat traini ng cannot
prepare you for, the sheer horror of being in that situation and how to prevent

yoursel f vomiting while doing nouth to nouth. | managed to get his heart started
and used a Holger-Ni elsen respiration. He started breathing all right but didn’t
conme round (do peopl e normal |y regai n consci ousness qui ckly?) | then found that he
had drunk a pi nt of 151 proof spirit before entering the water. It took half an hour

for the fire service anbul ance to arrive and when they did cone they didn't seemto
knowwhat to do. Drowni ng and al cohol poi soni ng asi de, he seens to have pul | ed t hr ough
. thanks totheinstruction| received at the pool sideinBristol. | was surprised
at the ease with which his heart restarted and his breathing came back. It's
encouraging to know that these things really work, for | always had nmy doubts in
training and the last tine | had to do it for real the guy didn't recover.

Sincere congratul ations are offered to the person maki ng the above report.

"However can you dive,
dressed 1ike that 2?2 '
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SUBVERSI BLES - MANNED AND UNMANNED
Dr Victor Brand

In 1716 Sir Ednund Hal |l ey, who discovered the Conmet which bears his nane, built a
di ving bell which could support divers working at 65 feet for up to 4 hours.

It was not until the 1930's that WI1iam Beebe devel oped a diving vehicl e which he
named “ Bat hysphere”. |t was built of quarter inch steel and was 4 and a hal f feet
indiameter. Oxygen was fed into the sphere at the rate of 2 litres/nminute to cover
the requirements of two persons. This bathysphere nmade 32 di ves between 1930 and
1934, and reached a maxi numdept h of 3028 feet. These dives are described in Beebe's
book “Half MIle Down” - a classic of the underwater scene.

Then Professor Auguste Piccard transferred his attention fromthe stratosphere to
the inner space and his first vessel FNRS-2 proved to be the first of the nopdern
subnersibles in that it was not secured by cable to a nother ship and had its own
means of propul sion, ascent and descent.

He | ater built the “Bat hyscaphe Tri este” whichin 1960 reached t he deepest known dept h
i nthe ocean, 35,800 feet i nthe Chal |l enger Deepinthe Mari anas Trench. |Inthe 1960’ s,
interest in underwater exploration using diving vessels becanme intense. The
followingis ashort sunmary of sone of the useful work whi ch was done in this period:

1958 Cousteau’ s “Soucoupe” 1000 feet capability.
1963 “Trieste | and I1” recovered sone renni ns of the “Thresher” submari ne whi ch

sank of f Boston. The sub was first discovered and phot ographed by “M zar”,
a naval research ship which towed an underwater canera platform

1964 “Archi mede” a French Bat hyscaphe whi ch reached 34,500 feet in the Kurile
Trench near Japan

1966 “Pi sces”, a Canadi an vessel, rai sed a sunken tug boat from670 feet i n Pugot
Sound.

1966- 70 “Pisces” was used to recover Naval experinental torpedoes.

1968 “Star 11" |ocated and recovered nucl ear payl oad froman aborted satellite
I aunch.

1969 “M zar” | ocated wreckage from Nuclear sub “Scorpion” near Azores,
“Trieste Il” inspected and anal yzed the renmins.

1970 “Mzar” l|ocated |ost French sub “Euridyce” near Toulon and “Archinede”

i nvestigated the w eckage.
1970 “Deep Quest” located a fighter plane in 3500 feet off San Di ego.

1966 H Bonb at Pal omares, Spain. After 2 planes collided, 3 bonrbs were recovered
near the village; the fourth was eventually |ocated at 2800 feet by the
subnersible “Alvin". Two parachutes attached to the bonb were wavi ng about
in the swell and after beconing entangled, “Alvin” backed off, while the
unnmanned “Curv”, cable controll ed underwater recovery vehicle, attached a
line to the bonb.
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I't isclear that much of theinportant underwat er sal vage has been achi eved by unnanned
craft. During the Synposi umof underwat er physiology in 1975 organi sed by the UMS,
a paper titled “Way Man?” was read by HR Tal ki ngton. The speaker pointed out the
limtations of nmanned craft.

Per sonnel fatigue
Wast e di sposa

Li fe support systens
Fire safety

Escape

Per sonnel training

o0k wNE

The unnmanned vehicle is not affected by these considerations.

New t echnol ogy in low light TV systenms, mani pul ators and feed back control systens
has resulted in a very functional craft which can be nuch small er and cheaper than
t he manned subnersi bl e.

Hybrid vessel s are bei ng desi gned and produced with diver |ookout facilities, and
carrying their own unmanned vehicle for use in special circunstances.

The COctober 1976 issue of the journal Ccean Industry contains a directory of 63
unmanned vehicles in use, under construction, or in the design stage.

* *x * *x * * *x *

AVI ATI ON SAFETY, W NGED AESCULAPI US

It isn't everydaythat aninvitationconestojoinaclass of pilotsonanair nedicine
course. | arrivedjust intimetoenter the conpressi on chanber and “go up” to 24, 000
feet before takingoff the oxygen masktolearnthe feel of oxygenlack, to berecorded
by pencil on a pad ....... nearly illegible before oxygen was resuned.

Everyone talks flying all the tine. W sawa lot of filns ... howto survive on a
tropi cal island; when and howto use a vari ety of ejector seats (they never practice
using them as crush fractures of |unbar vertebrae are a real hazard).

The old pilots (intheir thirties) speak critically of the younger generation. “We
wor ked hard to ensure success. Nowthey don't care if they're scrubbed; they go and
do sonething else. And it’s no use threatening young student pilots that they’l
get killed if they do the wong thing. In these days of disposables and inbuilt
obsol escence they don't fear death ... so they are taught it will hurt before they
die; then they pay attention.”

W | earned of noi se hazards, about spacial disorientati on and about night vision
Good pilots are encouraged to | ead al nost nonastic |ives. Wne, wonen and song are
all bad news before flying.

(Extracted froman essay by “Hypophysis” in AMA Gazette, 4 August 1977)
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Dl VI NG SAFETY MEMORANDA NO 11/1977 - TRANSFER OF A DI VER UNDER PRESSURE BY
HELI COPTER
Commander SA Warren, Dept of Energy, WK

I nternational Underwater Contractors (I1UC) have devel oped a systemto allow the
transfer of divers by helicopter under continuous pressure from an offshore
installation to an onshore deconpression facility.

This transfer systemhas been devel oped for divers working in the North Sea and has
recently been denonstrated successfully. It is capable of transporting an injured
di ver froman of fshore situationto alarge conpressi on chanber onshor e where nmedi cal
teans can treat and nonitor a diver’s conditioninclinical surroundings andin close
proximty to a major hospital

Under sone sets of circunstances it could be used in the rig abandonnment role. The
| arge helicopter chanber being capable of containing up to eight persons.

This systemis available in the United Ki ngdom now.

It i s recormended that di ving conpani es ensure, wherever possible, that their diving
chanmber conpl exes are sited in such a position that provi des the necessary space for
operating the transfer under pressure systemand that where necessary the adaptor
spool pieces are nade avail abl e.

I nt ernati onal Underwater Contractors (Scotland) Ltd will make avail abl e drawi ngs of
the mating fl anges of the chanbers to anyone in the industry who cares to check the
conpatibility of their own installations. Addi tionally, Comex of Aberdeen has
i ndi cated that they would be willing to manufacture spool pieces for systenms where
adaptation is required and supply these spool pieces at cost.

The physi cal dinmensions of the transfer chanber are:

Length overall 7 ft 8 ins
D aneter including handl es 8 ins
W dth of detachable trolley 8 ins
M ni mum di st ance from deck to bottom of flange 4 ins
Maxi mum hei ght with trolley renoved 2 ft 9ins
Maxi mum hei ght on trolley 4 ft
Wi ght equi pped but unnmanned 550 | bs
Wei ght of trolley 84 | bs
D mensi ons of helicopter chanber
Length overall with clanp 8 ft 6 ins
Wieel centres front to back 3ft 85ins
Wheel centres left to right 26.5 ins
M ni mum di stance from deck to bottom fl ange 15 ins
Hori zontal distance flange face to front wheels 2 ft 6 ins
Maxi mum hei ght above deck 5ft 1in
Maxi mum di anet er 44.75 ins
Wi ght equi pped but unnmanned 1750 | bs

Bot h chanbers have lifting pad eyes at either end and in the mddle. The of maxi mum
wor ki ng pressure of both vessels is 335 Ibs psi with a safety factor of 6 tines.
Hel i copter chanber power requirements are 24-30 volts. AC or DC (DC preferred)
maxi mum requi renent 32 anps at 28 volts.
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DOANUNDER 77

Thi s conference, planned for over a year, was far fromthe snooth running function
that had been expected. Probably every conference contains periods of high drama
as the organisers try to salvage order frompotential chaos. This one suffered a
| ast m nute change frombeing a cruise along the Barrier Reef to beconing settled
anong the hotel s of Brisbane. The extrenely |l ate notice of non attendance fromsone
featured speakers, due no doubt to the very best of reasons, resulted in anendations
to the anended schedule. A lack of information sharing fromthe organi sing group
tothe periphery didlittle to assist the nobilisation of assistance fromthe groups
nomnally jointly involved, and a total |ack of correspondence fromthe organiser
of the Diving Medicine group resulted in at | east one speaker bei ng unaware that his
of fer of a paper had been accepted until he received a progran

Such matters are rai sed so that they will not recur. SPUMS nenbers carried the brunt
of the “local content” of the diving nedicine section of the neeting though
regrettably few non-speaking nmenbers of the Society attended. The sections on
maritime archaeology, artificial reefs, wunderwater education and underwater
phot ogr aphy wer e possi bl y nodel s of organi sati onal efficiency but the nedical section
of such neetings as t hi s obvi ously requires nuch greater invol venment of thoseinvol ved
than was the case here. Possibly any future neeting would be better designed if a
wor kshop rat her than a l ecture format were to be used. Such a design would require
strict planning of the keynote teanms or the mixture would fail to react. Despite
what has been witten above t here was much of value inthe neeting ... but there could
have been nmuch nore.

The conference was opened, for these who had not been told that there was a Sat urday
Seminar, on the Sunday norning. After a brief introduction by Dr Baker (of Roche)
t hat nost remar kabl e of divers, Dr Nic Fl emm ng, gave a tal k on the di scovery of | ost
cities of the ancient world. The changing |l evels of the Mediterranean Sea rel ative
to the | and masses have subnerged, and in the process preserved, the buil dings of
t he previous i nhabitants. He has been anong the first to i nvestigate such renains,
a remarkabl e feat as readers of his article on the Israeli paraplegic divers wll
understand. That a parapl egi c can performsuch tasks illustrates the needto include
notivation onto the list of fitness-for-diving factors. Unfortunately he did not
address the nedical section later, thanks to the restructuring of the program
However Dr d en Egstrom who spoke next, gave several addresses on the nedical and
i nstructional aspects of diving. He stated that for any true |l earning to occur, to
reach what is called the “overl earni ng” stage where the i nformati on gui des conduct
wi t hout the need for consci ous thought, requires 17 to 21 trials. Such thoroughness
i s obvi ousl y not possibleinanyordinary divinginstructionsituation. He al sonoted
the need for there to be simlarity between the taught and the required task as
illustrated by the difference between buddy breathing sitting quietly on the poo

bottomas contrasted to the action perfornmed in md water while swinmring. It seens
that he believes inthe need to practice “free ascent”, casting scorn on nere ver bal
instruction. He did not state how often such practice would be required for the
“overl earning” status to be reached.

Anong the many factors investigated by his team at UCLA have been the effect on
nobi I ity of various suit designs, the probl ens associ ated wi th t he droppi ng of wei ght
belts by the diver in different postures, fields of vision with a mask, regul ator
and vest function and decrenents in efficiency with cold. Heis a practising diving
instructor, keenly interested in safety. He has nade an i nvestigation of surf entry
probl ens, a very inportant matter in California.

conti nued on page 49
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TV GOES DIVING .. I T°"S A NEWWORLD

A review such as this nmust eschew comments on such fictional diving as dear “007”
performs, and politeness induces ny pulling a veil over the gaucheries of LIoyd
Bridges’ 1966 effort, “Around the World Under the Sea”. | for one kept wondering
whet her the characters realised that the pressures inside and outside a subnarine
differ considerably and that special gas mixtures are rarely required, even by
treasure divers, when the surface is close overhead! Still it would be nice to know
who nmade their wet suits, for the divers were able to survive submarine expl osi ons
in an area too dangerous for their submarine to enter. No, one nust consider the
i nformati on nade avail abl e i n unexpected detail by nore serious prograns which are
nevertheless ainmed primarily at the non-diving view ng public.

I n the ABC Breakaway series Stewart Faichley was the reporter who tried a nunber of
excursions into adventurous activities. |n one of these he made a supervised dive
at Mount Ganmbia. It was inplied that his training was very recent, in fact for the
purposes of this dive. H's comments in an interview later are interesting. He
reportedly said “The worst single nonent of panic cane at the bottomof a 32 netre
dive in a subterranean pool. The first lawof diving is to avoid pani c but suddenly
it overwhel med nme. Breathing becane a wild, uneven gaspi ng for breath. Cave-diving

is the one adventure |’ve no desire to go back to. It’s too scary. Cave-divers go
into places where it is so dark they don't know up fromdown ... they have to fee
for their air bubbles to knowup”. Hardly the place to take the new di ver even for

the sake of a TV program one m ght well say.

The Californian Sea Lion was featuredina WIldlife Safari programon the SamBenito
I sl ands of f the Lower California peninsular. These animals have a very efficient
dive refl ex and can, apparently, dive for half an hour to 200 feet i f necessary. They
have the ultinmate in undroppabl e weight belts, for they have an average of 15 |bs
of stones in their stomachs, presumably deliberately swall owed. Their underwater
duration was ascribed to the bradycardi a and ci rcul atory changes of the Dive Refl ex
pl us t he advant age of greater bl ood vol ume and RBC content of that bl ood as conpared
wei ght for weight with a man. Even so the time and dept h achi evenents point to sone
additional factors. No wonder so many physiol ogists investigate marine animals.

Qui te t he nost remar kabl e vi ewi ng was t hat provi ded by Cousteau’s fil m ng of Toussai nt
Recco, ared-coral seeker inthe Mediterranean. This man used scuba to performdives
to 300 feet on air for up to 20 minutes. He followed his own ideas concerning
deconpressi ng, including exercising. He had one Spinal Bendto his credit at | east.
He was shown an untouched patch of red coral, at a depth of 330 feet, froma seat
in the “saucer” underwater vehicle and deci ded to harvest it by his usual nethods.
Bel i evi ng t hat what he di d was hi s own choi ce Coust eau and his divers decided to film
the event. Recco descended with t he hel p of a heavy rock and over char ged doubl e t anks
(how el se woul d he have enough air!) “li ke bonbs on his back”. He had a safety |ine,
a necessity in the strong cold current if he was to be successful in hamering the
coral fromthe rock. The Calypso divers used HeO, mi xture and watched hi m work.
They persuaded hi mto ascend at | ast, though he first m stakenly started to swi meven
deeper, due to the narcosis effect. Recco deconpressed by his own i deas, the three
Cal ypso divers by their nore scientific schedule. He had resolutely said NOto the
suggesti on he take advant age of the underwat er oxygen deconpressi on routine started
at 39 feet. Perhaps he was right, for one of the Cal ypso divers becane unconsci ous
and survived only because of the availability of SDC facilities. Cold, sea water
i nhal ati on, overexertion and oxygen toxicity were all suggested factors. It is
doubtful if all this converted Recco to Scientific Diving to any noticeabl e degree.
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Poor Recco died later. It was hose trouble .. with his next door nei ghbour at hone.
You see, he was saf er diving. The deal er who bought thered coral for saletojewellers
sumred up the noral ity of all concerned when he said “In all thingsthere are Hazards,
and if the diver likes to risk his Iife for nmoney that is his choice.”

Yes, |'mglad | do sonme of ny diving training in front of the Telly.

* *x * *x * * *x *

The nedi cal sessions included Dr Carl Ednonds’ description of the oxygen in water

t herapy for deconpression sickness in renbte areas. Interest in diving accidents
is apparently growi ng i n Europe, aided in sone countries by a schenme for conpul sory
i nsurance. |If you claim they know of the incident! It is hoped at a |ater date
to have a paper fromDr CoramHol nber g about the Swedi sh diving incidents. They have
sonme we cannot match: lips frozen to the nouthpiece. Dr Tailleur reported that the

Cl ub Mediterranean had only had 8 bad accidents recently. Al were deep dives, 6
being cord lesions. This may seem high risk diving requiring investigation.

At an open session of the CMAS Sport Medicine Conmittee it was apparent that there
are different viewpoints as to the proper functions of that body. Sone nenbers
bel i eved that as they taught their childrento use scuba froman early age there coul d
be no general advice given to National Diving Organisations as to a mininal age for
acceptance of pupils. There was the debatable belief, held firmy by several, that
isit is physiologically safe for childrento scuba dive there are no reason why t hey
should not do so. It was also painfully apparent that there were nore plans than
results frompast years. Optimists nay expect changes to occur.

Lat er papers cover ed nmany aspects, includi ngthe need for adoctor exam ni ng regarding
fitness-to-dive to renenber the possibility of a previous di sease, such as cancer,
that the applicant fails toidentify correctly to the doctor. Peter Bethune tal ked
on stress effects on the diver, and Dr Peter Landsberg di scussed South African divi ng
incidents. (lInterested readers can find this paper in the SA Medi cal Journal 1976;
50: 2155-2159). Dr Tailleur’s talk onthe physical requirenents for users of super-
fins showed that thereis aconpetitive spirit abroadin Europe, apparently effecting
even young children, that is quite unknown in Australian waters. Dr Ehmdi scussed
the hyperventilation syndrone and Dr Gravier revealed the extent of the French
firemen' s diving organi sation. Dr Knight tal ked about t he Australian D ving Medi ci ne
Centres, the Di plomain Di vi ng and Hyperbari ¢ Medi ci ne and other nmatters. Dr Egstrom
possi bly te person nost in demand for papers at the conference, told us about the
Di ving Medicine situation in the USA and the problens resulting fromrecent Labour
Legi sl ati on.

One of the best attended neetings was that concerning the “Free Ascent” by divers.
The di scussion was just beginning to get lively when the Chairman called “tine” and
di scussi on was ended. This subject was surely one highly suited to a “workshop” or
panel treatment. Naturally nobody has admitted to having been influenced by the
opi ni ons ai red!

This is one person’s opinion and apol ogies are offered to those not mentioned or

bel i evi ng t hensel ves mi sunderstood. It is hopedto print Dr Bob Thonas' paper, about
di vi ng nedi cal exami nations, at a later date.

* *x * % * * *x *
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