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EDI TORI AL

It isasadbut truereflectionof hunan nature that there wouldbelittle or no nedical
interest in diving were it not for the discovery that there were conpl ex probl ens
af fecting divers that were not to be met withinthe conventional fields of nmedicine.

Were it not for the nodest but still continuingtoll that these probl ens exact, shown
only fleetingly by the inadequate statistics, the diver population would have
continued to exclude the intrusion of such curious people. It is beconing clearer

with tine that our understanding of our own physiology is slighter than had been
believedandinthis fieldof know edge in particular thesimle of thelcebergrather
than that of the Bikini is appropriate. The papersinthisissueseektoaddalittle
nore to our appreciation of the presently recogni sed problens. |saac Asinov has
witten that “Man’s greatest asset is the unsettled nmi nd and our hopes of reasonabl e
safety as we progress |onger and deeper underwater depend in |arge degree on our
continui ngto ask - What, Howand Why of every si gnificant devi ati on fromt he expect ed.
W are unlikely ever to run out of fresh problens to spur us on.”

Ther e appears to have ari seninrecent years an undue del i cacy anong t he Naval Servi ces
regardi ng the publication of case notes and revi ews of their actual experience with
patients. There has been aretreat intothe presentation of statistics of di agnoses,
the validity of which nmust be taken on trust. The charitable will accept that the
various authors never found difficulty in reaching certainty. It is for such, and
ot her, reasons that the revi ewof the experience of the Naval Di vi ng School of South
Africais especially welcome. Dr AGJones’ renarks onthe deficienciesinoldrecords
wi Il bring sighs of understandi ng fromreaders everywhere, and hi s suggest ed Prof or ma
i s astage beyondthe brief checklist givenat onetinmetoRoyal Naval nedi cal officers
entering chanbers. The effect of high partial pressures of “inert” gases on nedi cal
efficiency is a matter that is under consideration in the UK where the probl ens of
surgery on injured divers under deep saturation conditions are a nightnmare not yet
openly faced. The case notes onthe Air Enbolismcases are wel cone, as al sothe brief
mention of non-reconpression responsive conditions treated in “error”, though
possi bly correctly so treated under the circunstances. It is deeply regretted that
there are no nore details of the Curry Case! Those t o whoma Chanber seens t he answer
to everything should notice that the chanber itself can cause trouble.

Not all manmal s are as Johnny cone lately to divingas is man, a fact that M TT Davi es
considers for our edification. The conparison of the dive bradycardia of the G ey
Seal (from130 bpmto 4 bpmin one mnute) with that of man (a nere 50%reduction),
the forner going deeper for |onger and swi mmng nore actively, shows sonething of
the versatility of namualian physiology. W are indeed a |l ong way separated from
t he mari ne i guanas who graze wi th conpl et e unconcern 10 netres deep, totally unaware
of the multitude of problens that shoul d neke thi s behavi our i npossi bl e. One cannot
i magine this author regarding a whale nerely as a convenient source of engine
| ubricant!

I f you want problens that are problens, dive off the North Sea G| Ri gs. Conmander
Warner’ s paper indicates sonme of the nore severe misadventures that have occurred
therebeinglinmtedtofatalities. That a person of his determi nationtoinvestigate
shoul d be abletoobtainsolittlereal i nformati on concerni ng sonme of the fatalities
is an indication of the low | evel of awareness and concern anongst those invol ved
regardi ng t he val ue of investigating norbidity and nortality as a first stage inthe
fight to reduce it. Anyone who believes that the Diving Industry is fully aware of
the need to anticipate and circunvent trouble could do well to read the article by
Margaret Hamilton (New Scientist, 2 Dec 1976). It is apparent that man's ability
todorenmins far i n advance of his willingness toface the consequences of his doi ng.
Deep SaturationDivinginpotentiallydangerous conditionsis aprineexanpleofthis.



Qur next issue will bring Conmander Warner’'s story through 1976. |n the neantine,
Commander Warner's ot her paper solicits your interest and opinions regardi ng dee
of f shore diving probl ens. ‘

Accidents will continue to occur and Dr Victor Brand presents a case for di scussion.
This illustrates the build up of factors that so often set the scene for the incident
itself to dramatically change the course of the dive The non-fatal outcone is
exceedingly wel come to the author’s many friends. Professor Neniroff has produced
further material for discussion and serious consideration. There has been word from
anot her correspondent stating that predicted woul d occur by Professor Nenmiroff in
the last issue. It is hoped that no other cases will occur. The case itself may
be witten up at a later date.

Dr Gavi n Dawson reports on t he use of one-man chanbers for OHP t herapy. There appears
to be alegitimate place for such chanbers, subject always to their bei ng operated

by t horoughl y trai ned personnel. It is clainedthat nosuch chanbers have ever caught
fire, but only extreme care will maintain this safety record. The indications for
such therapy are still debatable, chronic conditions now often being thought

i nappropriate for treatnent while acute Head and Spinal injuries are being offered
the OHP on a test of therapy basis. Sone believe that the air breaks and “depths”
have been set too conservatively in the past. This subject is an area of debate and
change and further papers are likely to be witten by those invol ved.

The final common pathol ogy of the majority of fatal diving incidents is drowning.
The unl ucky divers pinned down by Dr Doug Wal ker’s “Stickybeak” seemto have been
ei ther dead or brain damaged, and therefore beyond successful resuscitation, when
reached. Theshort tinmeinterval requiredtoreachthis conditionshouldbeastinmulus
to practicing diving on an avoi d-danger rather than a treat-troubl e phil osophy. The
val ue of a good buddy and a wor ki ng buoyancy aid should by now require no further
endor senent . It is reassuring to hear from Dr John Pearn that successful
resuscitation | eaves children at | east with no apparent residual ill effects in the
vast nmajority of cases. That the survivors have an | Qaverage of 110 i s not to suggest
t hat no danage has occurred, for pre-incident dataregarding | Q i s unavail able. The
finding that 10%of the children were resuscitated by other children is anmazi ng and
shoul d stinulate a drive to ensure that ALL divers are capabl e of undertaking such
neasures. That the first signs of response are often fol |l owed by vom ting is another
finding of value, as the awareness of this problem nakes the correct inmediate
reaction nore likely. The use of OHP t herapy for “drowni ng” cases has been advocat ed
by Dr Eric Kindwal I . 1t has been shown to reduce theintracrani al pressure by a factor
of 40-50% within m nutes of reaching pressure. This is apparently not a direct
pressure effect and nay be due to a vasoconstrictor effect on the brain. Despite
such vaso-constriction of larger vessels brain tissue O is increased under the
hyperbaric conditions. As cerebral oedena produces i ncreased anoxi a there coul d be
pl ace for this use of one man chanbers on occasi on.

* *x * *x * * *x *

Al contributors are thanked, as al so BAROLOG A (South Africa). It was for a neeting
of this Society that the papers by Dr Jones and M Davies were first researched and
delivered. And if you disagree with sone of the comments here presented, perhaps
they were intended to start discussion. This is YOUR Society so send in your
contributions.



ANALYSI S OF DECOVPRESSI ON SI CKNESS CASE TREATED AT THE SA NAVY DI VI NG SCHOOL,
1962- 1976
Sur geon Commander AG Jones - Diving Medical Oficer, South African Navy

The SA Naval Diving School was established on the 1st of July 1957. A 10 nman
deconpressi on chanmber was installed and it becane operational in 1958. Fromthis
date towards the end of 1960 it has been used solely for training and testing of
equi prent .

The first therapeutic deconpression was done on the 5th January 1962. Wile this
was still in progress a second diver with the “bends” was brought in. He had to be
conpressed i n the one man conpressi on chanber for the interi mperiod, and was | ater
transferred to the mai n chanber for his therapeutic deconpression. Sincethis flying
start a total of 70 therapeutic deconpressions has been done up to the present.

| NDI CATI ONS FOR THERAPEUTI C DECOVPRESSI ON

Any diver suffering from deconpression sickness, pulnonary barotrauma with air
enbol i smor any obscure synptons of sickness which cannot be clearly attributed to
ot her causes must undergo t herapeutic deconpressi on. Reconpression does not cause
any danmge and can prevent serious consequences.

DECOVPRESSI ON SI CKNESS

When a person is subjected to an increased pressure, the raised partial pressure of
the nitrogen wi Il cause an influx of nitrogen, viathe lungs, into the body tissues.
Wth a decrease in pressure the reverse will happen and nitrogen will flowfromthe
tissues to the lungs until an equilibriumis reached.

When this pressure decrease i s above acritical |evel, the escaping nitrogen can not
be passed to the |l ungs fast enough for elimnation and nicro-bubbl es of nitrogen may
form They may coal esce to formbubbl es whi ch may cause obstruction in the snaller
bl ood vessels. The synptons caused by these bubbles is known as deconpression
si ckness.

TYPE | DECOVPRESSI ON SI CKNESS

This includes all the cases where painis the only synptom It is normally situated
inor around a joint. Skin and | ynphatic manifestations are also included in this

group.
TYPE || DECOVPRESSI ON SI CKNESS

This includes all the nore serious synptons such as neurol ogi cal, vestibular and
respiratory synptons.

PULMONARY BAROTRAUNVA

Due to overexpansi on of the lungs, ruptures nmay occur. Air may be forced through
these smal | openingsintothecircul ati on and agai n cause obstructi ons of the vessel s.
This is a very sinister problemand requires inedi ate reconpression

BREAKDOWN OF CASES | NTO TYPE OF ACCI DENT

Type | 44
Type I 12
Pul monary barotraunma with air enbolism 11
I ncompl ete records 3

Tot al 70



EVENTS LEADI NG UP TO ACCI DENT

No deconpressi on schedul e

Si mul ated dives in a conpression chanber

Cai sson Workers

Equi prent failure foll owed by free ascent

| naccurate depth or bends on an apparently
safe table

Breat hhol d or control |l ed breat hing

Flying after diving

Attendant during therapeutic deconpression

Ni trogen narcosis

CoNe ghonE

BREAKDOWN OF SYMPTOMS AND SIGNS I N AR EMBOLI SM

A Presenting Synptons

TYPE | TYPE | |
26 7
4 3
6 1
6
1 1
1

1. Pai n i n chest 4
2. Unconsci ous 2
3. Apnoea 1
4. Bl i ndness 1
5. Headache 1
6. Pain in el bow 1
7. Pain in |unbar area 1
B. Mbst comon signs and synptons in air enbolism
1. Pai n:
Chest 7
Lunbar area 2
El bow 1
Thi gh 1 11
2. Paral ysis + paresis:
Arm 1
Ri ght sides hem paresis 1
Lower extrenities 2
Faci al heni paresis 1 5
3. Di sorientation 3
4. Headache 3
5. Apnoea 2
6. Convul si ons 2
7. Di zzy (vistibular) 2
8. Sensory fallout |ower extremties 2
9. Uine retention 2
10. Coughing up bl ood 1
11. Bl i nd 1
12. Foamin nouth 1
TYPE | DECOVPRESSI ON Sl CKNESS
Most Commopn Sites of Pain
1. Shoul der 17
2. Knee 13
3. El bow 5
4. Hi p 4
5. Ankl e 3
6. Wi st 2
Upper extremties 24
Lower extremties 20

approx 37%
18%
9%
9%
9%
9%
9%

+ + 1+ 1+ I+ I+

I+

33%

14%
9%
9%
6%
6%
6%
6%
6%
2%
2%
2%

+H+H+H+HF+FHFHFF I+

H o+ H
=
3
S

Al R
EMBCLI SM

1
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TYPE || DECOVPRESSI ON S| CKNESS

A Mbst Common Serious Synptons and Signs

1. D zzy 6 * 33%
2. Lurmbar backache 5 + 31%
3. Headache 2 + 11%
4. Cl onus of ankl e 1 + 5%
5. Pain in chest 1 + 5%
6. Paresis from wai st down 1 + 5%
7. Paresis R leg 1 + 5%
8. Sensory fallout R Ieg 1 + 5%
B. Most Conmon Sites of Pain

1. Knee 5
2. Ankl e 2
3. Shoul der 2
4. Hi p 1
5. Paral ysis both | ower | egs 1

Upper extremities 2

Lower extremties 8

THERAPEUTI C DECOVPRESSI ON TABLES USED

The type of therapeutic deconpression table used w |l depend on three najor factors:
1. the type of diving accident;
2. the response of the diver to the therapeutic deconpression; and
3. the availability of oxygen in the deconpression chanber.

THERAPEUTI C TABLES USED

1. Long Air table 50 netres for 38 hours 55 mnutes 17 }

2. Air table 50 netres for 19 hours 43 mnutes 15 }

3. Air table 50 netres for 9 hours 43 ninutes 12 }

4. Air table 30 netres for 6 hours 52 m nutes 11 } 79%

5 Oxygen table 18 nmetres for 2 hours 15 m nutes 7))

6. Oxygen table 18 nmetres for 4 hours 45 m nutes 8 ) 21%
TOTAL 70

Rel apses after therapeutic deconpression where reconpressi on was needed:

One cai sson worker after treatnment on air table for 9 hours 43 m nutes.
After treatnment in Durban - table unknown.

Crayfish diver on air table for 9 hours 43 m nutes

Air enbolismcase on O for 4 hours 45 m nutes.

One deathinthe chanber dueto air enboli smonair tabl e 19 hours 43 m nut es.

uhwNE

NON- DECOVPRESSI ON S| CKNESS CASE TREATMENT | N CHAMBER

Reverse barotrauma due to curry
Hyperventil ati on

| nfl uenza

Reverse barotrauma sinuses

| nner ear infection

ohwnhpE
PR RERN



DI SCUSSI ON
Cener al

The informati on was obtai ned fromthe nedical and SA Naval Diving School records.
Synptons and signs as reported have been anal ysed to conpile this paper.

I nconpl ete and vague recording that was encountered, could be ascribed to the
fol |l owi ng:

1. Therapeutic reconpression to a depth of 50 nmetres has been used in 63%of the
cases. At this depth nitrogen narcosis will affect the examni ning nedical off
icer to such an extent that a thorough exam nation becones very unlikely.

2. No | ai d down pr of orma of the nmedi cal exam nati on of deconpression acci dents has
been used to ensure a conpl et e exani nati on. This woul d al so be of i mense val ue
for future research into these cases. See Appendi x A

PULMONARY BAROTRAUVA W TH Al R EMBCOLI SM

The very hi ghinci dence of pul nonary barotrauma with air enboli sm(PBT) inthis series
(1699 stresses the inportance of preventing this sinister condition. It is always
preventable. The nost inportant single factor was panic in inexperienced divers.

DECOVPRESSI ON_SI CKNESS

The nost common single factor here was total disregard of |aid down deconpression
tables. This was very nuch so in the days of the crayfish diver and before the
Regul ations on diving has been instituted through the Factories, Machinery and
Bui I di ng Work Act, through the Departnment of Labour.

it isinteresting to note that the occurrence of pain in the upper extremties has
been nore frequent than in the lower extremties.

Thi s confirms the findings of other workersinthis field. Al sothe higher incidence
of pain in the lower extremties in airlock workers follows other findings.

APPENDI X
BLAST THAT FI SH

Al f Leggatt, who was awarded the NBE for his services to fishing, asked the arny to
bl owa perch out of hi s pond because it had eat en 2000 gol dfi shthere. The arny obli ged
and expl oded two charges. But the perch stayed put. Ni cknaned “Jaws” to comenor ate
hi s appetite, he remai ned an unwel cone victor. Hisreignonly closedwhenthe Southern
El ectricity Board sent two nmen to shock him They used an electrified fishnet, 20
m nut es and 240 volts to conpl ete the assignnent. As Al f said when his eneny fl oated
stunned to the surface, “I knewl’d get himinthe end - | wouldn't let athing |like
this beat me. But | nust admt |I’ve devel oped a grudgi ng respect for hinf. So he
put Jaws, all of 31 cnms long, into a separate pondinfront of his house. Jaws quickly
recovered and swam strongly round the pond.

“He | ooks hungry,” said Alf.
UK News reprint



DECOMPRESSION ACCIDENT REPORT FORM

Date: ....cccven

l. No ........ .. Rank:

Unit: toeceeerecssceacancnsnsacncons

Name: .ccccececcecraccccccsces csevose

2. PRINCIPAL SYMPTOM
or MAIN INJURY

3. Type of dive ...c.vecuce.n
5. Time of accident: ........

7. Bottom time: ....cccevecce

4. Depth: ..cceeeececrcccccrcnascncnes
6. Time of surfacing: ....ccccceececns
8. Ascent time: ......cccecerrnncccnn .

9. Type of diving equipment ......cececeiecesnenccancemeacssccosccoccoces

10. Decompression shortened.... 11. By how much? ......... teceecacnene .
12. Explosive ascent? ....... . 13. Therapeutic table in use: ..........
14. Combined dive? ...ccccee.n 15. Diver Qualification: ..........c....

16. FIRST SIGNS:

17. PAIN - Localization

18. SKIN OR CUTANEOUS Manifestations

19. CANIAL NERVES

- Deafness
Vertigo, Nausea, Vomiting
- Visual problems
- Pupil size
- Rhomberg's sign

20. INTRACRANIAL

- Headache

- Level of consciousness
- Fully conscious

- Confused but rousable

- Responding only to pain
- Deeply unconscious

- Fatigue

- Personality disorders

21. PERIPHERAL NERVOUS SYSTEM

- Paresis

- Paralysis

- Sensory Fall out
- Pins & Needles

- Urinary retention
- Reflexes

22. RESPIRATION

Normal

Noisy

Shallow, weak
Painful

Assisted ventilation

- Worsening with decompression

COMMENTS YES NO




COMMENTS v YES NO

23, CIRCULATORY

-~ Pulse
Bloodpressure
Shock
Cyanosis

24. INJURY
- Type: = Cut
- Fracture

Position

- Bleading:
- Slight

- Moderate

25. M~dical Treatmant given
(attach details)

26. Status after therapeutic
d=2compression

27. Rasidual signs or symptoms
(attach detaiis)

28. Diving Suzervisors account
of incident.

29. Divers own account of incident.

30. Disposal of Diver.

NOTHI NG s FOR FREE

M Ball, British based managi ng director of Shell G| Exploration, has said that his
firmis now spending $1500 a minute of their North Sea Ol operations.

A VERY LUCKY DI VER

Keith Monery, a 23 year ol d skin-diver, becane unconsci ous and sank whi |l e di vi ng of f
Penzance, U K, recently. H s |life was saved t hrough the acti on of Beaky, a dol phin
wel I known to | ocal divers, who swam down and not only brought himto the surface
but kept himafloat till rescuers arrived. Not everyone who di ves al one can expect
such providential succour

10



DI VI NG H STORY OF Al R EMBOLI SM CASES

a.

Prospecti ve di ver under goi ng conpressionto 10 netres wat er depth i n conpression
chamber. Over thelast 1.5 netres whil st surfacing, started shouting, devel oped
convul sions, dilated pupils. Diagnosis of hysteria nade by attendi ng Medi cal
Oficer. Gven Sparine 65 ngmand Valium5 ngmIVI. Then surgical enphysema
felt in neck.

Treatment - Therapeutic deconpression to 165 feet on Tabl e 5B was attenpted at
140 feet 5 inches. Enmphysena returned. Patient reconpressed to 165 feet on
5E. Then:

Headache

Confusion - ? Sparine effect

Pai n chest with deep inspiration

Absent knee and ankl e refl exes.
Cl eared up conpletely on above. Later re-applied and becane a diver.

Lost face mask and nmouth piece, ditched weight belt enmergency ascent.
Unconsci ous and not breathing on surface. Muth to nouth resuscitation, then
sent back underwater for a 10 minute stop, depth unknown. Arrived at Diving
School disorientated, upper abdomen and chest pain.

Treatnment - Miin chanber occupied and put into one man chanber - later
transferred into 8 nman chanber. Table | and Il - conplete recovery.

Conpressor stopped - energency ascent. Pain in chest, pains both thighs. No
CNS signs. Treatnent - Table 1.

Man- made equi pnent, garden hose ki nked i n upri ght position, cut off air supply.
Pul  ed of f face mask, arrived unconscious at surface. Cane to after initial
resuscitation. White froth nmouth, paralysis R side of face, dilated R pupil
absent refl exes.

Treat ment - reconpressed 165 feet, Dextran401VI, Plasma |l VI, aram ne f or opnoea
and Sodi um Gardi nal for convulsions. Died in chamnber.

Divedin Standard Suit. Fewm nutes down, coul d not get enough air, passed out.
On surface: paininchest, paresis L arm bl eedi ng nose. Respondedtotreatnent.

Swi mmi ng on hi s back doi ng shi psbott omsearch. Wil st underwat er devel oped pain
inchest. Onsurfacing painin|lower back. On Q for 4 hours 45 m nutes - chest
and back pain relieved. D agnosis: pulnmnary barotrauma with air enbolism

Di ved at 185 feet, devel oped nitrogen narcosis. Panicked and pulled off face
mask. Did an energency ascent.
On ascent: paresis R side, aphasia.

Dived to 12 netres for 20 mnutes. D d a controlled ascent. Ran out of air
and r ebr eat hed fromset t hen conti nued control |l ed ascent. Air bubbl ed fromnouth
on reaching surface.

On surface: After 2 minutes pain in lunba area. Seen and di agnosed as | unba
strain by inexperienced Medical Oficer.

4 hours after dive: severe |unmbar backache. Paresis ++ |ower extremties -
could not straighten leg due to pain. Uinary retention.

Treated at 18 metres on long O, table (4 hours 45 mnutes). Pain in back gone

11



after 6 mi nutes. Passed urine conpletely after 3 hours 5 minutes. No sequel a
after treatnent.

Bought a SCUBA set. Practised controlled ascents for 30 mi nutes. Depth 40 feet.
Synptons: Pain L shoul der after dive. Very severe next day on arrival at Diving
School. Treated on Short Oxygen table 2 hours 15 minutes. Pain gone after 6
n nut es.

Snor kel diving. Buddy breathed froma scuba diver. Chest felt unconfortable
and shot to surface.

On surface: | mredi ate chest pain. Nausea, frontal headache, severe tiredness,
wi t h now proni nent nausea. Seen 4 days |ater by a doctor who di agnosed mnuscl e
injury. Tanderil given.

5 days later coughing up blood and severe chest pain. Chest x-ray clear.
Di agnosi s of sinus barotrauna nade. Two days later: worsening of frontal
headache and chest pain. Still vestibular synptons. Diagnosis of pul nonary
barotrauma nmade by a diving Medical Oficer. Treatnent O, at 18 netres.
| mprovenent after 10 minutes, conpletely pain free after 15 mi nutes. Surfaced
after 2 hours 15 minutes. No sequel a.

Dived at 70 feet for 17 minutes. Swamup trying to keep pace with an expandi ng
bubbl e.

On surface: GCot out of water feeling fine. After 3 minutes becane dizzy and
disorientated and blind. Put onto 100%Q, i mredi ately, taken to Di ving School .
On arrival vision 100% Nausea, headache and breat hing pain Rchest. Started
on O at 18 netres. Still nausea, headache and vonmiting after 3.5 hours.
Dextrostix: 40 nmg%bl ood- sugar. 10cc of 50%Dextrose |VI withimediate relief
of synptons. Surfaced after 4 hours 45 m nutes wi t h NOsynpt ons and si gns. Chest
X-ray NAD and a gl ucose tol erance test arranged.

5 hours after deconpression: di ver unconscious, roused with difficulty,
disorientated. Paralysis fromwai st down. Sensory fall-out fromwai st down.
Taken down to 60 feet and anot her shot of Dextrose given |VI. Diver conscious,
only paresis of |ower extremties. After discussion wth Surg Cdr Pearson RN
Table 65 (air 165 feet). On arrival - headache better but again conplete
paral ysis lower extremties.

Medi cal Treatnent:

Dextran 40, 500 m VI over half hour, repeated 6 hourly.
Decadron 100 mgm I VI 6 hourly.

Heparin 5000 p subcut 8 hourly.

Lasix 20 mgm | VI .

Maxol on 2cc IVI stat.

uohwhE

Had to be catheterized after 5 hours for urinary retention.

Condition steadily inproveduntil at 30 feet. Then conpl ete paral ysis both | egs
again. Patient put onto anodified O tablewith conpleterelief. On surfacing
after 46 hours, severe atoxic wal k which cleared over next couple of weeks.

Three nonths after accident - NO neurol ogi cal residual and declared fit for
di ving again. Patient however has | ost his nerve (perhaps not surprisingly!).

12



A PAPER SUBM TTED TO BAROLOG A - THE SOUTH AFRI CAN SOCI ETY FOR UNDERWATER
SCI ENCE
MIT Davi es, BSc Msc

ABSTRACT:

THE ADAPTATI ONS FOR AND THE EFFECTS OF DEEP DI VI NG ON VARI QUS VERTEBRATES

Vari ous physiological and anatonical features of diving vertebrates
(rmai nly manmal s) are cited, many of which are conpared with those i n man.
The sper mwhal e can dive t 0 1134 mand renmai n submersed for up to 75 m nut es.
As in other diving vertebrates, the whal es have inportant nodifications
of their blood systens, lungs and nuscles, which enable them to stay
subnerged at depth for I ong periods of time. The advantages of an obli que
di aphragm smal |l |ung vol ume, pronounced Bohr shift, hi gh nuscl e myogl obin
content, depression of nmetabolicratewithcirculationre-routing are sone
of the aspects di scussed. The effects of high pressure are al so nenti oned.

| NTRCDUCT| ON

The aimof this paper is to bring to |light sonme of the nore i nportant physi ol ogi cal
and nor phol ogi cal features of diving fornms and howt hese feat ures cone i nto operati on
during a dive. Conparisons are made with man and other terrestrial vertebrates.

Most of the mammal di vers incl ude t he whal es, dol phi ns, seal s, dugong, nanat ee, wal rus
and sea-lions. Exanpl es of diving birds are the pengui ns, puffins, ducks, cormorants
and gannets, and of reptiles, the Gal apagos iguana, turtle and crocodile.

Apart fromthe necessary prerequisites of general body formie. the devel opnent of
a torpedo-shaped body for reducing drag forces in dol phins, and a powerful fl uke,
or tail, for propul sioninwhal es and dol phins, three features are of prineinportance
to these diving fornms. These are specialisations within the |ungs the nuscles and
t he bl ood. The cardi ovascular and closely related respiratory adjustments have in
fact extended the niches of all vertebrates, and in the case of those entering or
| eaving an aquatic environment, we find some incredible responses. Bef ore
el aboration on these responses, we should look first at just a few divers and the
depths and times observed for their dives (Table 1).

TABLE |
OBSERVED DURATI ON AND DEPTH OF DI VI NG I N SOVE VERTEBRATES

TI ME (m ns) DEPTH (m)

Enper or Penguin 18 265
G ey Seal 18 128- 146
Weddel Seal 43 (max 70) 600
Bl ue Wal e 50 500
Sper m Wal e 75 1,134
Bottl e Nose Wal e 120 300
Bottl e Nose Porpoi se 5 300
Most Men Resting 2

Active 1
Experi enced skin divers 2.5 61
Record for man 73

After Gordon, Ms, 1972
Harrison, RJ and Kooyman, G, 1971
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We can now consi der adaptations of the lungs, nuscles and blood separately. When
t hese factors have been described, estinmated dive tines can be nmade, and conpared
with the observed dive tinmes shown in Table I.

Di scussi on
1. LUNGS

One nmight well expect air breathing vertebrates to extend their dive tinmes by having
larger lung volumes per wunit body weight conmpared with their terrestrial
counterparts, so that an equivalently |arger anount of oxygen is released to the
ti ssues. This, however, is not the case - the lungs of some divers being the sane
proportional vol une as non-divers, asinseals, or beinghalf the vol une of non-di vers
as in the case of whal es. Schol ander suggests that the | ungs of whal es nay col | apse
during descent because they do not have a firmattachnment to the thoracic wall - the
air inthembeing forcedintothe dead air spaces (ie. a strengthened trachea), where
gas exchange does not take place - the advantages of this will be discussed | ater.

Al t hough the lungs are simlar in size or smaller than those of man, the tidal vol une
and the percentage utilisation of oxygen is higher. See Table II.

TABLE 1I|
LUNG VOLUME, TI DAL VOLUME AND PERCENTAGE OXYGEN UTI LI SATI ON I N SOVE DI VI NG
MAMVALS AND MAN

LUNG VOL TI DAL VOL %0,

L/ 100 Kg L/ 100 Kg UTI LI SATI ON
Seal (Phoca) 5.0 1.8 5.0-7.0
Por poi se (Phocaena) 6.6 5.9 8.0-10.0
Bottl e Nose \Wal e 2.5 2.2 8.0-10.0
Fin Wal e 2.9 2.5 8.0-10.0
Man 5.0 0.8 4.0-5.0
2. Muscl es

An inmportant feature of diving vertebrates is the large quantity of nyoglobin
contai ned within their skel etal nuscles. Conpare for instance the nmyogl obi n cont ent
of seal nuscle with that of a cow, and we find the former contai ns 7715 ng nmyogl obi n/
100 g tissue whereas the latter has only 1084 ng nyogl obin/ 100 g tissue.

Larger quantities of nyoglobin are also fouled in birds such as grouse, which fly
only short distances but do it very quick]y, the advantage as to these birds, and
to diving forns, is that the increased nyogl obin | evels provide a very imnportant
oxygen reserve within the nmuscle - as will be seen in the next section.

3. Bl ood
There is atendency for the bl ood vol une and i ts oxygen carryi ng capacity to be greater

in diving vertebrates than in nman and other terrestrial vertebrates. As shown in
Table I11.
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TABLE |11
BLOOD VOLUME AND OXYGEN CARRYI NG CAPACI TY CF THE BLOOD OF
SOVE DI VI NG AND NON DI VI NG SPECI ES

BLOCOD VOL/ % BODY Wi ght O, CARRYI NG
CAPACI TY VOL%
Pengui n 9.0 20.0
Seal (Phoca) 15.9 29.3
Por poi se (Phocaena) 15.0 20.5
Sperm Wal e - 29.1
Rabbi t 6.5 15.6
Hen 3.9 11.2
Man 6.2 - 7.0 20.0

After Gordon, MS, 1972.

This obviously results in larger quantities of oxygen being taken down during the
dive, and in a nmore rapid expul sion of COp, so that after emergence there will be
a rapid recovery and the animal is ready to dive once again.

These di ving forns al so have a nore pronounced Bohr shift. This means that t he oxygen
di ssoci ati on curve noves even further totheright thaninthe case of theterrestrial
vertebrates. The advantage of this being that with the increased | evel s of carbon
di oxi de and t he reduced pHduring a di ve, nore oxygen i s unl oaded fromt he haenogl obi n
at the sane Oy tensions. This shiftingto the right of the oxygen di ssoci ation curve
withtheresultingstraightening of the curve, means that the oxygenis nade avail abl e
to the blood at higher carbon di oxi de concentrations. |In effect, nore use can be
made of the O that is avail able.

FIG. 1 (Tissues) (Lungsi
< - Venous Arteria
pressure pressure FI GURE |
100 ; OXYGEN DI SSOCI ATI ON CURVES FOR
Muscle- | = MAMVALI AN MYOG_OBI N AND HAEMOGL.OBI N
90 ~| Myoglobin AT BODY TEMPERATURE

80 -

Blood
Haemoglobin

a) = 3mHg PCO, & pH 7.6

40mrHg PCO, & pH 7.2

shift to right
of dissociation b)

curve - Bohr Shift

Percent Saturation of pigment.

Adapted from Hoar WC, 1966.

0 T T T T T T T T T
0 10 20 30 40 50 K0 70 80 90 100

Partial pressure oxygen (mmHg).

The di ssociation curve for nyogl obin, unlike the signmoid one for haenoglobin, is
hyperbolic, and well to the left of the former.
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Thi s neans t hat al t hough oxygenis rapidly taken up fromthe bl ood, it isonlyreleased
at very | owoxygen tensions, or partial pressures, sothat when the nuscl es are being
exerted, as during alongdive, thereis agoodsupply of oxygen avail abl e. Myogl obi n,
especi al |y when at the high levels found in diving forms, therefore provides a very
i mportant, and qui ck, supply of oxygen whenthereislittle available fromthe bl ood.
See Figure I|.

If we nowlook at Table IV, we find that the estinmated dive tines fall far short of
the observed tinmes, It can therefore easily be appreciated that diving nammal s and
birds can stay subnerged far longer (up to 6 tines as long in the penguin) than if
they continued to consune oxygen at their nornal pre-dive rate.

TABLE 1V
COVPARI SONS OF SOVE OBSERVED DI VE TI MES W TH ESTI MATED DI VE TI MES

OBSERVED DI VE TI ME ESTI MATED DI VE TI ME
(M ns) (M ns)
Pengui n 18 3
Seal 18 6
Bottl e Nose Porpoi se 5 3
Bottl e Nose Wal e 120 36

The anat om cal and physi ol ogi cal adaptati ons described clearly therefore do not give
the full story. What further effects has evol utionto an aquatic and di vi ng exi stence
had on these forns and how do these effects come into play?

The following will be considered:
Bradycardi a Crculation re-routing
Lactic acid tol erance H gh pressure adaptations

Bradycardi a

Non-di vi ng vert ebrates, such as man, have t he necessary “equi pnent” to show a di vi ng
response, but it is nowhere near as specialised as in the diving forns.

It is generally accepted that there is a depression of the netabolic rate during a
di ve so that oxygen is conserved. Paul Bert (after Gordon MS, 1972) nade one of the
earliest observations of bradycardia, this being the lowering of the heart rate,
during subnergence experinments w th ducks.

The Bradycardi a response was soon afterwards shown to be of vagal origin, for when
t hi s nerve supply was secti oned t he response was el im nated. Diving aninmals studied
after this, have al ways shown t he effect (Andersen, HT, 1961, 1964. Schol ander, PF,
1940).

To denonstrate how much better at bradycardi a the divers are than man we can use t he
Grey Seal as an exanple. This animal can reduce its heart beat from 130 bpmto 4
bpmafter only one m nute during adive. Man, dependi ng on such factors as age, diving
experience, tenperanent of the individual, water tenperature and so forth, can | ower
his heart rate by only a half.

Circulation re-routing

Anot her very inportant feature of the diving vertebrates mentioned, is the ability
tocirculate blood only tothose tissues that are i nportant during a di ve, and reduce
it or cut it off fromthose that are not.
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Most work on the effects of diving onthe vascul ar systemhas been done on pi nni peds
(after Harrison, RJ, and Kooynman, G., 1971), and circulation re-routing has been
denonstrated by injections of a radioactive rubidi um conpound into the bl ood.

The pectoral, gastrocnem us and neck nmuscles, as well as the skin of all the body
except the head, which nust be kept warm have the bl ood supply cut off. A cut-off
of supply to the skin is inportant for conserving heat which is nore readily | ost
towater than air, especially inthe col der depths. Thereis al so cessation of supply
to the renal and gastro-intestinal regions. Inthe case of thelatter, the oesophagus
is supplied because it nust function for the swallow ng of food.

The adrenal and thyroi d gl ands and brai n, however, have an i ncreased supply, and the
liver, heart and eye nuscles a nornmal supply.

The site of vasoconstrictionis unusual and characteristicindivingforns (eg. ducks
and seal s) for instead of the arteriolar constriction characteristic of non-divers,
itisthelarger arteries that constrict by innervation fromthe synpathetic nervous
system The advantage of this is that there can be no chance of peripheral dilation
of vessels by the over-riding effects netabolic dilators can have on the synpat hetic
nervous system (ascendi ng dil ation), because the centre of control is further back
than the site of production of the local dilator factors.

A change i n bl ood pressure, whi ch coul d be di sastrous, does not take place, as El sner
et al. (1966) have shown with the sea-lion. The central arterial pressure does not
change, because the hi gh peripheral resistance is balanced by a | owrun-off rate of
bl ood.

Lactic acid tol erance

Wor k done on the seal (Schol ander, PF, 1940. Andersen, HT, 1969) has shown that the
lactic acid | evel rises only slightly during the dive, but increases by nearly ten
times after emergence (Figurell). This is alnost certainly because the lactic acid
isstoredinthenusclesinconsequence of restrictionof bloodflow, andthenrel eased
upon returnto normal circulation. As well as tolerating|lowQ and high CO | evel s,
high lactic acid levels are also tol erated.

Clearly, oxidative netabolismislimtedinnost ti ssues because of vasoconstriction
It is also further restricted, and the vital oxygen conserved, because of the
predoni nance of anaerobic pat hways in the periphery.
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Lactic acid level in arterial blood of a seal before, during, and after a 15-m nute
dive (after Andersen, 1969).
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The Weddel seal can stay beneath the ice for well over 60 minutes. Kooynman (1969)
and Peak et al. (1970) have shown that the | actate dehydrogenase i sozynme conpl ex of
its musclesisinvolvedw ththis anaerobic tolerance. The LDH5i s ori ent ated t owar ds
pyruvate reduction, and its concentrationis 30%higher in the nuscles of the Wddel
seal than in the less efficient diving, Cape Fur seal. Consequently, the greater
anount of its present, the nore oxygen will be spared by the nuscles (the |argest
body tissue), and there will be an extended period of availability of this oxygen
for aerobic respiration el sewhere.

H gh pressure adaptations

As depth increases, the hydrostatic pressure increases at a rate of approximtely
one at nosphere for every ten netres of seawater. Wthinthe diving manmal therefore,
air spaces such as the lungs and nmiddle ear tend to collapse and there are
nodi fi cations which pernmit these internal gas spaces to remain in equilibriumwth
anmbi ent pressure. For instance, the thoracic wall is flexible and the di aphragm
oblique, thus permtting abdom nal bl ood and vi scera to di splace the di aphragminto
the thorax. Also, the linings of the nmi ddl e ear space contain sinuses, whi ch becone
engorged so reducing the volune of the space when it is under pressure.

Finally, thereis no danger of nitrogen narcosis upon the rapid deconpression during
a fast ascent, for the follow ng reasons: when the | ungs beconme conpressed, air is
forcedintonon-respiratory spaces solittle nitrogen can enter the bl ood, next there
is a low lung volune, and finally, because nitrogen is nore soluble in fatty
subst ances, it is thought that much of it enters the copious quantity of fatty tissue
found for exanple, in the bl ubber of whales.

Concl usi on

Di ving appears therefore, to be a special case in which nechanisns of w despread
occurrence have been el aborated to the extrene. Modifications of |ungs, nuscles and
bl ood, with tol erance to hi gh carbon di oxi de and | actic acid concentrations, as well

as a pronounced sl owi ng of the heart beat, are sone of the acconplishnents that have
resulted in the successful invasion, by air-breathing aninmals, of aquatic
envi ronnent s and have ext ended t he verti cal range of manmal s t o over 1000 netres bel ow
the surface of the ocean.

To quote Gordon:

“Such adapt ati ons al so nake possi bl e the rather startling observations of
SCUBA di vers on the coasts of the Gal apagos i sl ands, where they encounter
t he rat her i nprobabl e spect acl e of mari ne i guanas, happi |y grazi ng on al gae
at depths in excess of 10 netres in the conpany of a host of fishes!”

* *x * *x * * *x *

SWALK

Brigitte Bardot has presented her pet 4 nmonth old seal to the French Riviera's
Marinel and. She did this, she said, for the animal's own good. The seal was given
her by Brittany fishermen who had found the deserted pup i n Newf oundl and. But the
change to Mari nel and was fol | owed by a severe psychol ogi cal setback. Apparently the
seal had becone accustoned to a routine of bottled mlk, fish soup and ki sses from
BB. Heaven preserve us from being done good with to such a set up!

* * *x k% * * % *
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DI VI NG ACCI DENTS - NORTH SEA O L AND GAS | NDUSTRY, 1971-1975

W all knowthat divingis ahazardous business, but thereis no doubt that the nunber
of accidents that have been encountered, in particular inthe offshore industry, is
far too high. The United Ki ngdom Gover nment has appreci ated this and has i ntroduced
legislation to try and inprove the situation

However, this particul ar di scussion paper is not designed to deal with | egislation
but, as a point of interest, | will tell you that the United Kingdomis drafting a
common set of diving regulations which will include the existing Factory Acts,
O fshore Installations, Submarine Pipelines and some of the Merchant Shipping
Regul ati ons.

Wthin the United Kingdomal |l fatal and serious diving acci dents have to be reported
to the appropriate Governnment Authority imediately. Al fatal accidents are then
i nvestigated by the Governnent Departnent concerned and the police. For exanple,
inthe offshore industry, as soon as information is received that a fatal accident
has occurred a diving inspector inmediately proceeds to the site of the accident.
Al nost invariably one neets up with a teamof police investigators on the way. The
accident is then investigated on site. Statements are taken, details of the
techni ques enpl oyed before, during and subsequent to the accident are recorded.
Copi es of all records are taken, gas sanpl es and where applicabl e the equi pnent is
t aken away and sent tothe Admralty Experinental Diving Unit for investigation. The
body of the deceased is taken to the nortuary for the pathologist to do his work

This part of the investigationis alnpbst invariably assisted by the doctor concerned
who is called out for the particul ar emergency.

The next step alnost invariably is to discuss the details of the accident with the
pat hol ogi st.

| then co-ordinate all the results of everybody’s investigations and provide a full
report. Thisreport isthenforwardedtothe appropriate Procurator Fiscal or Coroner
to help himto conduct his Public Inquiry.

At the eventual Fatal Accident Inquiry in Scotland or the Coroner’s Court i n Engl and
all the details are nade public, anybody concerned can be l egally represented if they
wi sh, i ncludi ngthe next of kin, and any nenber of the public can purchase atranscript
of the proceedings. Qur aimis to ensure that every relevant detail is brought out
at this Inquiry.

I f however, during the investigation anything cones to |light which nmight indicate
the method of saving life in the future or preventing accidents, this information
is immediately distributed to all diving conpanies and interested parties. W are
al so fortunate in that we have the full support of the RN Medical Services and can
call on their assistance in our investigations.

At present the reporting systemrequires only fatal and serious accidents to be
reported but this does include bends. It is sonetines difficult to differentiate
bet ween a “serious acci dent” and an “acci dent” with diving and in the future we shall
require i medi ate reporting of fatal and serious acci dents and peri odi cal reporting
of all other accidents including cases of deconpression sickness. | ampleased to
say, however, that diving conpani es operating of fshore are very forthconming with
details of all their incidents.
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| don’t wish to anticipate any di scussion on Central Registries for the collection
of diving data but | nmust state that it is difficult to detect a trend in accidents
ei ther fromthe physiol ogical side or fromthe equi pment side unless one has the
conplete picture. Wthout the full picture, it is difficult for diving conpanies
to avoid certain incidents and even nore difficult for Government to introduce
| egislation to cover a particular problem

| propose to concentrate nowon the fatal diving accidents that have occurred in the
of fshore industry in all sectors of the North European Continental Shelf.

Sone of the older records are unfortunately lacking in detailed information.

The first fatal accident recorded in the Departnent of Energy records happened to
a diver in February 1971. He was diving in the Norwegi an sector to a depth of 200
feet without a diving bell. The cause of death was drowni ng.

Armonth | ater fromthe same installation Diver No 2 diving to 200 feet with a diving
bel | died to deconpression sickness. The actual details of these two accidents are
rat her scarce

I n Novenmber 1971 Diver No 3 died after a dive of 275 feet fromthe drill ship G onmar
3. My broad interpretation fromthe available records is that the diver carried out
a dive to a depth of 275 feet for a bottomtine of well over 45 minutes. He had
previously carried out a dive to this depth within the preceding 24 hours. Having
conpl eted his task at the bottomhe started his ascent and his lifeline or airpipe
reportedly becane foul ed. It woul d appear t hat duringthe process of cl earing hi nsel f
he becane free and he blewto the surface. The pathologist’s finding was that this
di ver died from enbolism

In May 1972 Diver No 4 was | ost fromthe rig Britannia during a dive to 44 feet. The
cause of death was drowni ng and at the subsequent Coroner’s |nquest, grave doubts
were expressed as to whether the deceased had in fact been trained as a diver and
whet her he was qualified.

I n August 1973 Diver No 5 di ed of pul nonary haenorrhage whilst diving to a depth of
320 feet. Scientific evaluation of the breathing equi pnent subsequent to the fatal
accident led to nodifications.

I n Decenber 1973 No 6 di sappeared whilst diving fromBlue Water 3 and the body was
not recovered. The task he was requiredto do was sinpl e andthe depth was only between
60 and 70 feet. He was an experienced diver and for sonme reason or other cut his
communi cation lifeline and was lost. At the time of the inquest the only |ogica
concl usion that could be drawn was that for sone reason or other the diver got into
a pani c. However, we know that he was cold and shivering as a result of a previous
di ve and our subsequent investigations of the effect of cold on the diver suggest
that he night in fact have carried out his illogical actions during the onset of
hypot hermi a. This can only be surm sed in hindsight but | amprepared to say that
everything points to the fact that cold is a very real nenace and may wel | trigger
of f other problens.

In January 1974 two divers (Nos 7 and 8) operating fromthe drill master rig in the
Nor wegi an sector at a depth of 250 feet | ost their Iives when the bell accidentally
surfaced. Subsequent investigation showed a breakdown in conpany communi cati ons
correcting the drill after a nodification to the weight slipping devices.
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In April 1974 Diver No 9 was drowned whilst diving froma drill ship Habdrill at a
depth of 300 feet. This was an unfortunate case of panic by the attendant in the
bell. The diver was carrying out the first operational dive fromHabdrill on that
particular site. The diving teamhad carried out several practice dives and they
were very enthusiastic to get down to work. This may have had sone bearing on the
accident which really started when the diver overworked. He carried out his task
in alnost record time and in spite of the fact that he was advi sed several tinmes to
sl ow down. Havi ng overworked on the task the diver was in some distress and swam
rapidly back to the bell, but unfortunately he took a turn around one of the bell’s
weight wires with his unbilical. The bell assistant tried to assist himinto the
bell by pulling on his unbilical whichin turn pulled hi munder water. A series of
pani ¢ actions by the attendant | ed to hi mcutting the diver’s unbilical and shutting
the bottom door and screaming to the surface to be brought up

In June 1974 Diver No 10 got into difficulties whilst diving to a depth of 200 feet
froma pipe-laying barge. He was surfaced and carried out a surface deconpression
routine al beit one that was well outside the nornmally accepted 5 mi nutes techni que
and died from deconpression sickness. The eventual postnortem showed that the
deceased was suffering fromheart and respiratory di seases. He was al so obese.

In July 1974 Diver No 11 died froma pneunothorax after a dive of 492 feet. This
particular fatality was well publicised in Britain at the tine because the doctor
concerned failed to diagnose a pneunot hor ax.

I n August 1974 Diver No 12 was lost while diving in a bell froman installation in
t he Norwegi an sector. He coll apsed and di ed fromanoxia. Failure in comunications
when ordering the gas, and an error by the supervisor in failing to test the gas,
led to the diver being fed pure helium

In Cctober 1974 Diver No 13 died whilst carrying out a surface swim from the
installation Waage 1. At no time did he dive below the surface. The subsequent
post nortem showed that he died from drowni ng aggravated by vonit and that he al so
sustai ned broken ribs. It is difficult to categorise this as a diving accident and
even nore difficult to state how the diver sustained his broken ribs and, in fact
i f they were the cause of his drowning. However it i s possiblethat he nay have struck
t he sponson or the “cow catcher” in the swell

In Cctober 1974 Diver No 14 was | ost while operating froma bell in the Norwegi an
sector. The fatality occurred due to a breakdown i n conmuni cati on bet ween t he di vers
inthe bell and the control on the surface. This lead to a tenporary switching off
of the diver’s gas supply and when realising that he had | ost his nain gas supply,
the diver rushed back to the bell but becane foul ed on the way.

I n Decenber 1974 Diver No 15 operating froman installation in the Irish sector of
the Celtic Sea was | ost through asphyxia. He was carrying out a dive froma bel

i n bad weat her and it woul d appear that t he novenent of the bell sheared his unbilica
on some obstruction. For sone unknown reason the diver did not use his emergency
gas supply. The weather was cold and the diver had no artificial heating and once
agai n one cannot hel p t hinking, in hindsight, didcoldplay aninportant part inthis
acci dent ?

In Decenber 1974 diver No 16 operating in the sheltered waters of Scapa Flowto a
depth of 100 ft was trapped in a pipe by suction. It would appear that a pipe on
the pig trap of the pi pe was danaged, probably by the jet sl edge or the anchors of
t he barge, and the di ver di spl aced the val e causi ng a nassi ve sucti on which partially
sucked his shoul der and arminto the pipe.

21



In March 1975 a Norwegi an di ver died whilst operating to a depth of 460 ft fromthe
Bor gny Dol phininthe Britishsector. There was no doubt that col d pl ayed an i nport ant
part inthis particul ar accident. W knowt hat the di ver nade hi nsel f heavy to operate
on his tasks. W also know that he was swinm ng at the job. He worked rapidly and
refused to take the advi ce of surface control to sl owdown his operations. The cause
of death was anoxia but it isdifficult to establish howone can die fromanoxi a when
t he breat hi ng gas cont ai ned nore t han adequat e oxygen and t he equi pnent was wor ki ng
satisfactorily.

W know t hat hard work increases the Q, uptake. W know that shivering can increase
this uptake by as nuch as 100% W al so know that the onset of hypotherm a causes
respiratory and cardi ac systens to behave abnormally. | believe that a conbi nation
of these three things can lead to fatalities such as the one | have just descri bed.

In March 1975 di ver No 18 died during or soon after a dive to 240 ft operating from
a gas platformin the southern north sea. The cause of death was pul nonary oedena
caused by cardi ac nyopathy and the Coroner brought in a verdict of natural causes.

In June 1975 a diver was | ost froma barge in the Norwegi an sector. This accident
is still being investigated by the Norwegi an authorities and | cannot say any nore
than t hat.

In July last year two divers were | ost on a pipe suction accident. The accident
occurred in 120 ft of water and it was clear that the real problemof differentia
pressures was not fully appreciated.

I n Sept enber | ast year two divers were | ost after a successful diveto 390 ft. Having
conpl eted their dive with no problens the divers | ocked throughintothe mainliving
chamber. This chanber was heated to between 110° and 120°F and due to a series of
errors this tenperature was probably increased and t he di vers were unabl e t o get back
to the transfer under pressure chanmber to cool off.

In the past, particularly in the North Sea, the enphasis has al ways been on keepi ng
the diver warm |t now becones obvious that care nust be taken to keep the diver
in thermal bal ance at both ends of the spectruns.

In 1975 a fatality occurred in Stavanger Fj ord during the constructi on of a Condeep
platform The diver dived to 140 feet and for sone unknown reason sl i pped hi s hel et
and unbilical and disappeared. Subsequent enquiries into the background of the
deceased suggest that there was a | ack of basic training.

Again in 1975 a fatal accident occurred in the Dutch sector of the North Sea when
a diver operating in conparatively shallowwater on air cut his lifeline; he floated
to the surface and then sank and was not recovered.

In January 1976 a di ver was drowned when operating a depth of 480 feet and it is
possi bl e that he accidentally switched off his own gas supply by knocki ng t he bal
val ve control

Again in January a diver was |ost through pul nonary Barotrauma when a divi ng bel
accidentally surfaced. H's bell conmpanion in this particular accident was al so
seriously injured.

In May a diver was drowned whil st operating in 120 feet due to the fouling of his
urbi |'i cal
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Anot her diver died fromPul nronary Barotraunma after a dive to 120 feet in Loch Fyne.
Di ver No 30 was | ost through drowning whilst diving on air at a depth of 120 feet
of f Angl esey.

Di ver No 31 was | ost whil st operating froma barge in the North Sea al nost certainly
due to his main gas supply beconi ng di sconnected at his nask

Ti me does not pernit ne detailing all the other accidents and near nisses but from
theinformationthat we have, aninitial anal ysis of figures suggest a broad br eakdown
of the reasons sonmething like ..

Human error 16 Lack of equi pnent 3
Poor physical condition 3 | nadequat e nedi cal supervision 2
| nadequat e training 6 Poor diving supervision 6
Equi prent failure 9 Poor equi prent mai nt enance 4

In addition cold has certainly been a contributing factor in at |east three and
probably nore cases.

Reports have been received as a result of accidents and al so through the grape vine
of divers beconi ng unconsci ous under water for no apparent reason. The Depart nent
of Energy has instituted a research project to investigate this particular problem

In addition to the introduction of |egislation the Departnment of Energy now i ssues
di vi ng Saf ety Menos on poi nts of diving safety as soonas they arise. Oneinparticul ar
applies to the topic for this paper and that is Diving Saf ety Meno No 14 whi ch draws
attention to the need to provide a hoisting harness for the diver which lifts him
fromthe pelvis as opposed to the chest or shoul ders.

b4

, j
Carelessness Kills morg than we éo 77
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BAROTRAUVA OF ASCENT?
A SUBJECTI VE ACCOUNT OF A PERSONAL EXPERI ENCE

Wth borrowed equi prent the diver entered the water with two conpani ons and began
to followa sloping coral -studded terrain. He had no contents gauge or depth gauge
and no buoyancy vest. Hi s mask was | eaking freely and the flash gun he carri ed was
not only not working but was giving himsmall shocks. These annoyances irritated
hi mt o t he extent that he was frequently cl earing his mask i n an unnecessarily vi ol ent
nmanner .

Approximately 30 mnutes after starting the dive he cleared his mask once nore,
enptying his lungs to do it and tried to inhale on an enpty tank. Hi s conpani ons
were cl ose by but outside his reach and not |ooking at him

The di ver | ooked up, estinmated he was 50 or 60 feet fromthe surface and decided to
make a free ascent. He felt that he was in control of the situation and kept his
regul ator i n his nouth hopingthat he m ght get some air out of his tank as the pressure
grew |l ess and consciously tried to relax his glottis so that he could exhal e.

Al seermed well until he was about 20 feet deep, when his regul at or seened to expl ode
out of his nouth and then he found hinself on the surface, not knowi ng how he got
t here.

He was in extrene respiratory difficulty seemingly only able to inhale a fewccs of
air, and having to shout with every exhalation. He was kicking madly to keep his
nmout h j ust above water and such was his conscious state that he clung to his canera
and nade no attenpt to let go of his weightbelt or tank

Luckily for himhis conmpani ons cane up and assisted himto shore, all this time in
desperate respiratory difficulty. Wen he sat down in shall ow water he coughed up
alittleclear froth and his respiration suddenly becanme normal, and apart frombei ng
extremely tired he felt quite well.

After lunch he went snorkeling and was diving down to 20 feet with no trouble. This
story is a classic exanple of bad diving procedure - AN AWFUL EXAMPLE

But t he pat hophysi ol ogy puzzles ne. Wiy didtherespiratory difficulty reverseitself
so suddenly? And why no after effects?
VI CTOR BRAND

* * *x * * % * %

POTS NOT NATURAL HABI TAT?

There is an interesting case simrering up in Newcastle at present. A man has been
charged with stealing | obsters fromanot her man’s pots. As his defence he has cl ai ned
that the | obsters are the property of whoever first lifts themfromthe water, being
still wild animals “free for the taking” until the owner lifted his pots. It was
al so clainmed, naturally, that the State had no jurisdiction as the action occured
beyond the high water line. Legal evidence was offered to the effect that |arceny
could be committed on wild animals that are fit food for man. Sergeant Richards
assured the Court that it is undisputedthat |obsters are fit for human consunpti on.
There is no nention of the fate of the |obsters pending the resunption of Court
hearings .......

* * % *x * *x * *
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BRI EF NOTES ON 16 CASES TREATED AT THE UN VERSI TY OF M CH GAN HYPERBARI C UNI T
Prof essor Martin J Nemroff

In M chigan we average 3 to 5 Scuba di vi ng deat hs a year and many non-fatal accidents
are reported, often by hearsay rather than by witten reports. The foll ow ng cases
present ed at our chanber for treatnent over atwo year period. | will briefly outline
t he ci rcunstances and nmy own i nterpretations, based on avail abl e i nformati on. There
were 7 cases of Air Enbolismand 7 of deconpression sickness anong t hese non-f at al
di ving incidents.

A Air Enbolismand Pul nonary Barotraunma

CASE 1 46 year old male making a controlled free-ascent in a quarry at the correct
speed, with an instructor in attendance. He was a 3 pack-a-day snoker and had
bronchitis. He suffered pul nonary barotraunma with subcutaneous enphysena. No
treatment was required beyond a period of observation.

CASE 2 46 year old male, surfacing correctly from80 feet in a |large | ake, becane
suddenl y paral ysed and had | oss of vision. He was treated 6 hours |l ater with conpl ete
recovery. He had a repeat experience one year later, with the same synptons. This
suggests either a small ischaemic areainthe brain or arepeat air enbolism Second
treatnent al so was successful.

CASE 3 27 year ol d man suffered chest pai n and obtundati on after making a struggling
ascent from15 feet in a swanp. He did not exhal e whil e being haul ed to the surface,
it was stated. Chanber treatnment was successful.

CASE 4 31 year old mal e perform ng ditch-and-don manoeuvre in a pool. He suddenly
surfaced with subsequent pupil dilatation and taxia. Treatnent in the hyperbaric
chanber was successful.

CASE 5 32 year old mal e was doing a “NAUl -bailout”. This involves junping into a
pool with all equi prent inone’s arns and donning it underwater. He devel oped extrene
headache and decreased vi sual acuity. The provisional diagnosis was of air enbolism
but subsequently |I felt that he had suffered a sphenoi dal sinus squeeze. Synptons
resol ved when he was pressurised.

CASE 6 This 15 year ol d scuba student reported substernal chest pain and dyspnoea
followi ng a pool scuba |esson. Chest X-Ray reveal ed pneuno nediastinum  This
resol ved wi t hout necessity for treatment. The di agnosi s was nmade not by the primary
physi cian but by the later X-ray.

CASE 7 This 27 year ol d advanced scuba student, practici ng buoyant energency ascents
whi | e buddy breathing, had an epi sode of panic and separated from his buddy. He
ascended rapi dly wi thout exhal i ng. Subsequently, severe headache, substernal chest
pai n and shortness of breath occurred. He presented 5 days later, inproved. No
treatment was then required. The inpression was gained that this quarry diving
i nci dent had caused a cerebral air enbolismin association with pneuno nmedi asti num
and a m ni mal pneunot hor ax.

CASE 8 This 27 year ol d mal e was an advanced di ver practicing free ascents in a |l ake.
Onthe first attenpt from60 feet he surfaced exhal i ng but on t he surface he convul sed
and becane comat ose. He had fixed dil ated pupils on adm ssion and suffered cardi ac
and respiratory arrest on arrival. He had been betting beers on who could surface
wi th | east speed and | east “popping out of the water”. He lost! He was pressurised
1.5 hours | ater and had an excel | ent recovery. He had suffered cerebral air enbolism
pneuno- medi asti num bil at eral pneunot hor aces and subcut aneous enphysema. | ncidentally,
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he was a 1-1.5 pack per day snoker with a chronic 2 year productive cough

CASE 9 This boy of 18 took “PCP" (a horse tranquilliser), put on a scuba tank and
made a solo dive in a 110 feet deep | ake. He exited the water on the opposite side,
fell off the dock backwards and plunged into the water. On recovery he had unequa
pupi |l s, nystagnmus, and refl ex asymretry i n knee-jerk testing. Recovery was conpl ete
after reconpression (which was very eventful). Diagnosis was not cl ear since “PCP
causes nany of the sanme synptons and signs as observed here.

B. Deconpr essi on Si ckness Cases

CASE 10 This 31 year old weck diver did not foll ow deconpression tables on two
successive dives to 150 feet for 20 minutes. He thought that breathing oxygen on
the surface was enough protection. Spinal cord deconpression illness resulted
recovery was conplete after reconpression and three nonths of physical therapy.

CASE 11 This 26 year ol d femal e di ver made successi ve deconpr essi on di ves on a w eck.
Al t hough she foll owed the tables religiously she was maxi nal |y exerting hersel f and
the US Navy Tabl es are designed for nales at internediate | evel s of exercise. She
sufferedwist pains (inapreviouslyinjuredijoint) and progressedto shoul der pai ns.
Recurrence of synptons during “ascent” in the chanber necessitated an extension of
treat nent.

CASES 12 AND 13 were two weck divers with joint pains on surfacing from110 feet.
The first diver had spent 20 minutes at this depth on each of two dives.

CASE 14 Cai sson worker, aged 35, presented with pain after working a doubl e shift
and then decanting out w thout deconpression

CASE 15 This 31 year ol d weck diver ran out of air and did a buddy breat hi ng ascent
to 60 feet, then a free ascent to the surface. This followed a 20 mi nutes bottom
tinme. He devel oped paresthesias and nunbness of both arnms which cleared on
reconpressi on therapy.

CASE 16 A “hard-hat” diver devel oped severe pul nonary synptons and el bow pai n after
surfacing from2110 feet following a bottomtinme of 70 mi nutes. He had severe skin

joint and cardiovascular synptons which required reconpression and extrene
supportive neasures.

In summary, these cases are of diverse aetiol ogy and probably represent only about
one quarter of the cases that occur. The follow ng conments are offered:

a. I nexperience or | ack of training, including poor judgenent, is afactor despite
all these divers being certified.

b. Poor physical health may be present, eg. heavy snoking and chronic bronchitis
was noted in two cases.

C. In one case a fenale followed a dive profile not suitable for females.
d. Drug intoxication with “PCP”. Many had al cohol within the precedi ng 24 hours.

e. Open water “free ascents” are inherently dangerous.
Qur divers diveindeep, poorlyilluninated, col dwaters. Excessive cigarette snoking

al cohol and drug intoxication are serious problens and further reduce the safety
mar gi n.
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CLI Nl CAL EXPERI ENCE W TH A SI NGLE PATI ENT HYPERBARI C CHAMBER
Gavi n R Dawson, DA, FFARCS, FFARACS *

Thi s paper sunmarizes practical experiences with the first 100 cases treated in a
singl e patient Hyperbaric Chanber at Prince Henry’'s Hospital, Mel bourne.

The Unit, generously donated by the WIliamDuchl and Foundati onin 1960, is a Vickers
RHS/ 3 Radi ot herapy System which utilizes a high flow oxygen supply with no
recircul ation.

The chanber is 7 feet in length with an internal dianeter of two feet. The walls
are doubl e | ayered net hyl met hacrylate with an interface of air. Oxygen flowrates
vary between 250 and 400 litres per mnute.

Advant ages of this single Unit are:

1. Rel atively Cheap I nstallation. The Unit is located in a small roomat the
far end of a general surgical ward.

2. Low running costs. Oxygen is taken from the Hospital’s Liquid Oxygen
supply. At the current rate of $12.30 for 100 cubic netres, 2 hours of
t herapy costs no nore than $4. 30.

3. The whol e body is visible and i nmersed wi th oxygen. The patient does not
have to endure the disconfort of a mask and it is ensured that the highest
concentration of oxygen is inhaled at all tinmes.

4. M nimal risks to attendants. There are no probl ens with nedical attendants
enduring the effects of pressure or nitrogen within the Unit.

Pati ent Confort

Practical problens of patient therapy involve - apprehension, boredom and sheer
cl austrophobia. Light sedation is often admnistered for the first treatnment but
simply psychol ogy of explanation and reassurance is nore effective. Boredomis
relieved by a radio transmitted through the chanber intercom circuit and
cl austrophobia is a nmore difficult probleminvolving tact and strong persuasive
powers.

COVPLI CATI ONS

1. Effects on the Ears

Ear disconfort is reduced by slow pressurisation and Val sal va manouvers performed
by the patient. No myringotom es are undertaken and severe aural dysbarismis
relieved by suddenly dropping the chanber pressure 1 p.s.i. followed by slow re-
pressurisation.

2. Convul sions

Two convul sions due to oxygen toxicity are reported in our series. Both occurred
at the unnessicarily pressure of 3 Atnospheres Absolute. It is nowour practiceto
treat at 2.5 A.T. A and no problenms have occurred at this pressure.

3. Lung conplications

Pul nonary ef fects fromhi gh oxygen tensi ons have not been evi dent but is has recently
been deci ded to use 5 m nute ai r breaks every 25 m nut es on oxygen, particul arly duirng
prol onged therapy.

Deep breathing is encouraged, follow ng renoval of the patient to the normal air
environnment. This practice tends to prevent the onset of atelectasis.
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4. Ri sk of Fire
O all the possible problens, fire in an oxygen environnent is the single itemthat
woul d have tragi c consequences. The late 1960’ s were beset by fires i n space-craft,
firesinresearchunits and fires inclinical Hyperbaric Units. W were obsessional
in follow ng these precautions in elimnating all possible sources of ignition:-
1. No electrical circuits
2. No heati ng
3. No static

We therefore increased hunmidity and did not allowthe patient to wear any synthetic
cl ot hi ng what soever. Pure cotton theatre garnents were the usual apparel.

PATI ENTS TREATED

1. | schaem ¢ Linb Di sease 44
2. Speci fic Wund Infection 22
3. Gas Gangrene 14
4. Joi nt Bends 6
5. Car bon Monoxi de Poi soni ng 4
6. Air Enbolism 1
7. M scel | aneous _9

100

Inour first one hundred cases we treated 44 i schaem c conditions, 22 specific wound
infections, 14 cases of true gas gangrene, and 6 cases of joint bends, 4 cases of
carbon nmonoxi de poisoning with 1 of air enbolism concluding the main series.

VASCULAR CONDI TI ONS

1. At her o-scl erosi s 15
2. Vasospasti c 12
3. Post Operative |schaem a 12
4. Cccl usi ve 5

44

The hi gh nunber of i schaenmiclinbstreatedresulted fromthe activities andinterests
of the vascul ar surgeons at our hospital. The therapy was of dubi ous val uein chronic
i schaemic |inmb disease but often of diagnostic help in delineating an ischaemc
boundary. Inproved results were seen when comnbi ni ng t he oxygen wit h oral L] bl ocki ng
agents.

Surprisingly several patients with vasospastic di sease involving the fingers did
particularly well. Sudden dramatic relief of the spasmoccurred either during or
several hours after therapy.

A patient with Raynauds di sease showed considerable inprovenent follow ng one
treat nent session.
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Wiund I nfections - Gas Gangrene

The 22 speci fi c wound i nfection were nmai nly post operative; where clostridial wel chii
had been isol ated or gas gangrene suspected. These progressed well and none went
on to devel op a toxi c gas gangrene picture. It is of course i npossible to ascertain
whet her oxygen any hel p since broad spectrumanti-biotic cover was adnministered in
each patient.

O all conditions treated none has been so satisfying, curative and |ife saving as
the application of hyperbaric oxygen in gas gangrene. W totally agree with this
statenment obtai ned froma surgical coll eague at the Royal Mel bourne Hospital - “The
treatnent of clostridial gas gangrene with Hyperbaric Oxygen t herapy has been a gi ant
a step forward in the treatnent of this disease as was penicillin in the treatnent
of pneunoni a”.

All 14 patients in our series were toxic and exhibited clinical evidence of gas,
crepitus, and wound di scol ouration. Seven had gangrene of a bel ow knee anput ati on
stunmp foll owi ng surgery for peripheral vascul ar di sease; 2 of these were di abetics.
Sel f contami nation of the stunp fromthe rectumwas the |ikely source of infection.
Si x patients devel oped gas gangrene of the linbs follow ngtrauna; conpound fractures
of the leg after notor cycle accidents were a conmon cause. (Gas gangrene of the
abdomi nal wall occurred in two patients with col ostonies.

Al cases were treated at the follow ng regine: -

1. Oxygen - at 2.5 ATA - 2 sessions daily, therapy continuing for up to 5 days.
2. Penicillin - approximately 24 Mega Units per day.

3. Surgi cal Debridenment and Suture Renpval - when necessary.

There were three deaths in the series, one foll owed severe abdoni nal trauna, anot her
died with extensive secondary carcinona and an 84 year old died five hours after
surgi cal debridenent.

It was interesting to observe that patients who were confused and apat hetic before
treatnent becane alert and co-operative in the high pressure oxygen environment.

| mproverent inthe systemconditionwas often apparent followingthe first treatnent.

There is no question that we totally agree with other workers in the field that
Hyperbaric Oxygen in life and linb saving - an essential tool in the treatnent of
gas gangrene. Furthernore it may reduce the need for extensive nmutilating surgery.
Intheory it converts a favourabl e environment for t he anaerobes i nt o an unfavour abl e
one. | schaenic tissues becone oxygenated, toxin production is inhibited and
penicillin activity is aided.

POSSI BLE | NHI Bl TORY ACTI ONS OF HYPERBARI C OXYGEN

d. Wlchii ———— beta Toxin > System Effects

29



COWPLI CATI ONS CF DI VI NG

An interesting group of patients treated were divers with joint pains. Four of the
si x wer e pr of essi onal Abal one Di vers. This group presented wi th severe shoul der pain
associ ated with sone restriction of novenent. No other clinical signs were present.

Reconpr essi on therapy foll owi ng Tabl e 6Aor 6Bresultedinafull cureinall cases.
W now feel it is desirable to intersperse 5 ninute air breaks every 20 ninutes,
particul arly when using the |onger reconpression table, ie. Table 6B

Fol l owi ng treatment the patients are returned to the ward on oxygen. This practice
tends to decrease the incidence of “niggles” in the next few days which is due to
t he ni trogen re-expandi ng the ori gi nal bubble. W allowthemhone the foll ow ng day,
and they are told not to dive for at |east one week - preferably two.

CARBON MONOXI DE PO SONI NG

Only 4 cases of carbon nonoxi de poi soni ng have beentreated. CQur | owfi gures conpared
wi th those fromSydney are likely to be due to the natural gas supply in Mel bourne.
Car bon nonoxi de however, is not a fashionable form of poisoning today.

Al'l our cases were suicidal rather than accidental and all used a pipe fromthe car
exhaust as a source of i nhal ation. Furthernorethey had consuned prior tothe attenpt

ei ther sedatives, tranquillisers or alcohol. This conmon practice tends to confuse
the overall picture. The experience gained was that Hyperbaric Oxygen was usefu
particularly in the |ater stages. It is useful for practical purpose to be aware

of the half Iife of carbon nonoxide in air and oxygen (Reference 1)

1. Breathing air - half life is 4 hours
2. Breathing 100% Q2 at 1 ATA - 49 minutes
3. Breathing 100% Q2 at 2.5 ATA - 9 minutes

Associ at ed t herapy i nvol ves t he admi ni strati on of steroi ds and di uretics for cerebral
oedema and strict ai rway mai ntenance at all tines. Psychiatricreferral isinvariably
necessary.

In conclusion it appears that the indications for Hyperbaric Oxygen are clearly
outl i ned: -

Gas Gangrene

Car bon nonoxi de poi soni ng
Radi ot herapy of specific tunmours
Air enbolism

Deconpr essi on si ckness

Surface infection, burns, ulcers
Sel ective ischaenic conditions

NoOALDNRE

The Unit is available for use 24 hours per day and priority enmergencies include air
enmbol i sm carbon nonoxi de poi soni ng, gas gangrene and j oi nt Bends.

Experi ence has shown Wiomto Treat, How to Treat and Wen to Treat.
The Unit is regarded as an i nmportant therapeutic facility which although not fully

stressed on a day to day basis, is avail able when required. Since the conpletion
of this paper one further case of gas gangrene has beentreated. This patient received
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a gun shot wound of the abdonen and subsequently di ed foll owi ng surgery of the bowel
and abdomi nal wall. He renmined intubated while in the chanber and was ventil ated
with asinple fluid logic ventilator. The ECGwas nonitored with praecordial |eads
connected to an external cardiac nonitor through the special sockets present in the
chanber door.

It isinmportant toinflate the cuff of the endotracheal tube with water and not air,
since pressurisation conpresses the cuff and prevents a proper seal.

Afurther patient with gas gangrene of t he abdom nal wal |l foll owi ng abdoni no- peri neal
resection of the rectum has just conpleted five days of oxygen, antibiotics and
surgi cal debridement, including the renoval of left rectus nuscle.

He appears to have nmde a satisfactory recovery and will not require further
hyper bari c oxygen t herapy.
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Some peopl e are abnormal |y sensitiveto deconpression sickness. One NewZeal and di ver
is so liable that he nmust [imt hinself to 20 feet depth maxi mum

Chest pain after a dive may indi cate nedi asti nal enphysenma or nmyocardi al i schaem a.

Many di vers are t oo buoyant to maintain a 10 f oot or 20 f oot deconpressi on st op dept h.
Sport divers should avoid dives requiring deconpressi on stops.

Cold gives little warning of the onset of Hypotherm a. Abnormal behavi our
(forgetful ness) may occur. 70%of the human body is within 2.5 cnms of the surface.
Activity increases heat |oss. Danger period continues after the victimhas been
removed fromthe water. Heat | oss occurs evenin “warnf water. Severe but reversible
hypot her mi a may produce a deat hl i ke appear ance and t her apy be wongl y t hough usel ess.

I n-wat er Oxygen therapy can be limted to 10 netres by solimting the |l ength of the
gas supply hose.

* * *x k% * * % %
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PROJECT STI CKYBEAK
Dr. Dougl as Wal ker

Provi sional Report on the 1976 Australian Diving Deaths

Overvi ew

There were twelve identified diving related fatalities in 1976. O these two
were in swimers using fins, mask and snorkel, eight were scuba divers and one was
using surface air supply (hookah)and there are insufficient details at present
avai |l abl e to assign one case. Both the snorkel users were unused to its use and one
of them was a poor swi mer, though he dissenbled on this matter to others. One
pr of essi onal diver, using scuba, ordered his boat to keep one propellor turning in
order to maintain position agai nst an ebb tide while he investigated an underwater
object. As soon as he entered the water he was drawn into the propellor tunnel and
killed. The other scuba deaths occurred at the surface, often related to | ow air/
deteriorating water conditions/cold. Wileignorance was gross in two cases, inthe
remai nder this was not the cause as 4 had C- cards and one ot her had 30 years of diving
experience. One victimsuffered a fatal “heart attack” and another was said to be
obese: the remainder were in good health. Buddi es, where present, behaved
creditably. The rapidity of the change through unconsci ousness to death is worthy
of comrent. Once nore the wearing of a functioning buoyancy vest can be seen to be
acritical factor: two COtype vests failed their wearers at the critical time. The
hookah di ver di ed through the cumul ative errors of others and unsafe practices that
were certain to produce a death at sone stage. He was supplied with oxygen while
working at 70 ft. This was possible because the gas supplier had the same thread
on cylinders used for both gases and the col our-code was hidden by the nethod of
storage. Naturally this user has corrected the faulty procedure but recurrence wl|l
remain a possibility until a different connection is required for different gases.
Thi s probl emhas been found in hospitals; faced with simlar dangers, gas cylinder
fittings were altered. Inconstructingthereport the superiority of theinformation
i n cases where the Coroner spoke to the witnesses as well as viewed their depositions
was evident, fewer points of interest remaining undocunented. The basic findings
are given in Table 1.

Met hod

In nost cases the details are fromstatenentf taken soon after the incident by
Police Oficers skilled in guiding witnesses to nake cl ear what has just occurred.
They are concerned with excluding, as is the Coroner hinself, any possibility of
illegal or crimnal aspects. It is nopart of the task of those concerned to consi der
deepl y whey t hat person di ed whi | e anot her woul d have survived. Luckily in nost cases
background detail is included. In afewinstances reports fromthose with know edge
of the events are received and these gain fromthe I ess formal setting out of the
events. News cuttings are a vital part of the discovery of cases though they nmay
not be entirely correct with all details on occasion. Additional cases may remain
still wundiscovered and readers are invited to send iformation they may possess
concerning all types of diving incidents, not only concerning fatalities.

Case Notes

1. Snorkel (breath-hold) divers are represented by two fatalities, both overseas
visitors to the Barrier Reer. Both were inexperienced in the use of fins, nmask and
snorkel . Wil e one was said to be an adequat e swi mrer, the other was appprently not
only a very poor one but had previously only use a snorkel while in shalllowwater.
thewarm still, clear waters of the Reef can drown t he unwary as easily as t he col der,
rougher waters of other areas. |In neither case was help sufficiently near at the
critical tine.
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Case BH 76/1

This unfortunate visitor, aged 28, was travelling on holiday with rel atives on
a yacht. The party decided to viewthe coral off one of the islands on which they
had | anded. The victim described as an average swi mer, had previously only used
a snorkel once. Early in this outing he was seen to be having sonme difficulty in
co-ordi nati ng breat hi ng when underwat er (through water entering the snorkel). This
difficulty appeared to have been resol ved before the party separated, the victim
remaining in the shallow (3 ft) water 60 ft fromthe beach when the others entered
deeper water. One nenber of the group becane cold and returned to shore with the
expectation that the victi mwas foll ow ng him However a headcount of the remai ning
swi nmer s di scl osed the victinis absence and the al armwas rai sed. About 10 m nutes
| at er a body was seen fl oati ng on t he surface, m nus mask and snorkel. Resuscitation
attenpts were unavail i ng.

Case BH 76/2

Thi s death occurred during a normal comercial boat trip to an of fshore reef.
There was seem ngly an assunption that all swinmers were fully conpetent to nanage
their own safety in the water, no actual proof of any experience being requested.
There was not a smal | di nghy avail abl e to recover anyone getting into difficulties.
Some remmi ned aboard after the spearfishermen and the snorkelers had left. They
happened to see the victim aged 24, surface and wave his armand shout for help.
He was estinmated to be about 150 mdistant. Two scuba divers junped into the water
fromthe boat and swamto the spot but were initially unable to locate him It was
at | east 6 m nutes before he was found, m nus nmask and snorkel but still wearing his
wei ght belt, in10-12 mof water. The body couldonly beraisedwi thdifficulty because
t he wei ght belt had been put on in such a manner that it was difficult to rel ease,
t hough the victimhad shown anot her person that the quick-rel ease worked easily a
few days previously. H's claimthat he had 4 months of experience with a snorke
was ni sl eading, he having only used it when floating in shallow water as he was
actually only ableto swima fewstrokes. The sea was cal mand not an adverse factor.
Resuscitation attenpts were unsuccessf ul

2. Scuba divers suffereed eight identified fatalities, equally divided between the
i gnorant and certificated. All appear to have experienced the criitical events when
at the surface if one includes the unfortunate comrercial diver who was destroyed
by a propellor a few feet beneath the actual surface. It is not possible to state
with certainty every event and factor surrounding fatal incidents but there is
obviously a highly critical period in every dive when the diver is at the surface
and death, whether follow ng inhalation or fromsone other cause, can occur wth
extreme rapidity/ Reliable surface buoyancy is an obvi ous safety factor and the two
instances of failurew th CO,inflatable vestsinthis snmall series seemsignificant.
As the buoyancy is nost urgently required by a diver already in trouble it would be
i nappropriate torely on any aid requiring oral inflation. The added security that
buoyancy gi ves wooul d al | owtime for the victimto think rationally and perhaps even
drop his weight belt. The organised diving club outing's fatality was not the fault
of either the buddy or the club and i n other cases al so the buddi es did all possible
to offer aid once it seened to be necessary.

Case SC 76/1

Bei ng an excel |l ent athl ete and swi mmer, and having tried t he use of snorkel and
scuba (for 20 mi nutes) sone 6 weeks previously, this healthy 18 year old accepted
the opportunity offered by two others to again scuba dive. Their experience is
unknown, as i s al so the source of the equi pment used. The dive was to be off a rocky
shel f that continued out to sea as areef. It was a wave swept entry poi nt such as
experi enced swi mers of all types woul d have total ly avoi ded. One of t he scuba divers
and t he vi cti ment ered t he wat er but bot h were soon hit by a successi on of unexpectedly
| arge waves and tunbl ed about in the wash. The buddy felt the victimgrab at him
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and observed on | ooki ng round that he | ooked dazed and no | onger had t he nmout hpi ece
in his mouth. They were now bei ng pounded on the rocks and only reached the shore
agai n through the assistance of the third diver and the |uck that one wave washed
them sufficiently high on the rocks to make escape possible. 1t was stated that
onl ookers offered no hel p either at this desperate tinme or later with resuscitation
attenpts. There was possibly a little delay before effective resuscitation was
initiated but it was continued efficiently when |ifesavers and a rescue helicopter
arrived, and continued in transit to a nearby hospital. Consciousness was never
regai ned and deat h occurred three days | ater fromthe effects of cerebral anoxi a and
aspiration of water.

Case SC 76/2

About a year beforethisincident the victi mhad successfully conpl eted a diving
course and had been adj udged a good student. Since then he was thought to have rmade
8 dives. On this occasion he was with a friend. They proposed to swmto a nearby
reef and then to scuba dive, but as he had a recently heal ed perforated eardrum he
war ned hi s conpani on that he m ght have to return to shore if he experi enced any ear
trouble. The other diver led the way as they started their surface swmout to the
reef, and when half way t here he | ooked back and saw his friend wave once, an action
he took to i ndicate that he was aborting the dive. This was the last tinme the victim
was seen alive, for when the | eading diver reached the reef and stood up to check
there was no sign of the victim This nmade hima little alarmed so he returned to
t he beach. Ashort tinelater, whil e undecided as to what to do, he observed activity
by the Iifesavers who were attenpting to resuscitate a person a snorkel diver had
found lying on the seabed in 4 m(13 ft) of water about 70 moff the beach. Wi ght
belt and tank were still on the body. Neither diver wore a buoyancy ai d and t he scuba
air was turned off, it beingtheir intentiononly to start using scuba when the dive
commenced at the reef. The sea was cal m Autopsy reveal ed dr owni ng changes and no
di sease changes in this 36 year old man. It is easy to suppose that survival would
have been assured if a buoyancy vest had been worn and the air had been turned on.

Case SC 76/ 3

Thi s experi enced part-time prof essi onal di ver forgot t he powerful suction effect
of a revolving propellor, with fatal results 15 seconds after entering the water.
He was aged 40, had a basic Ccard qualification and was respected as being
conscientious in his work. This day’s task was the finding, and | ater recovery, of
a | arge and very val uabl e anchor that had been | ost in a harbour tideway, a type of
search and recovery task wi th which he had previ ous experi ence. The net hod he chose
was to drag a | arge netal bar between two steel hawsers which | ed over the sides of
a powerful tug. They were steanming into an ebb tide when an underwat er obstruction
was encount ered t hat requi red checki ng. The di ver ordered the tug captainto maintain
posi tion agai nst the water fl owby use of one propellor at | owspeed. The propellers
were in short tunnels a few feet beneath the surface.

H s plan was to foll owone of the hawsers till reaching the object that he been
foul ed. He was warned about the propeller’s turning and apparently saidthat if this
caused problenms he would try a different nmethod the next tine. This was the first
ti me he had been known to enter the water in such circunstances. He junped overboard
and swamback to the wire hawser before subnerging. A fewseconds |ater a thunp was
heard and bl ood stains appeared in the water. He had apparently been irresistibly
sucked into the propellor tunnel and killed.

Case SC 76/4

The victi mwas a 20 year ol d diver with two years experi ence, his buddy one year.
Bot h had t aken cour ses and obtai ned C-card certification, indifferent States, about
ayear previoustothisdive. Asthe buddy had only dived 4-5tinmesintotal he accepted
that his friend had nore experience and would be likely to use | ess air on the dive.
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For this reason the friend exchanged his hired tank for his buddy’s equi pnent. There
were no contents gauges on the tanks but both had been recently filled. The buddy
di ver al one had a buoyancy vest, this bei ng purchased t he day before the fatal outing.
At the dive site, an off-shore reef connected to the beach by a jetty, they debated
the suitability of the sea conditions but the victi mthought that despite the cold
wi ndy conditions and a choppy sea it was possible to dive successfully. He was not
experienced inthelocal conditions and obtai ned no | ocal advi ce, and bei ng noti vat ed
to some degree by the $13 he had outlaid to hire the tank and regul ator was unwi | | i ng
to accept a no-dive decision

They swamout underwater after a short delay to correct the buddy’ s wei ghti ng,
keepi ng cl ose together. After a period at the reef they decided to return to the
jetty steps, again underwater. However the buddy soon becane owon air, pulled his
reserve, surfacing after signalling his intention. The two then decided to surface
swim the renmaining distance together, the victimto be the |eader. The buddy
inflatedhis vest and as a natural matter of convenience swam on his back as he
foll owed, thus inevitably | osing sight of the other. He becanme aware of shouts from
peopl e on the jetty but could not discern what was being said, being distracted in
part by stomach and | eg cranps, exhaustion and increasi ng waves. Wtnesses on the
jetty saw the victimwave as if for help and a diving instructor, who was just
concluding a lesson with two pupils at the jetty steps, responded by dropping his
tank (to increase his surface swi mm ng speed) and goi ng to of fer assi stance. However
t he vi cti mwas no | onger vi si bl e on t he surface when he reached t he spot so he r et urned
to don his scuba tank and then started an underwater search. The victi mwas found
lying on the seabed in about 5 m(16 ft) of water. The weight belt and tank were
easily rel eased and t he body recovered. The peri od of submergence was over 15 m nut es
SO resuscitation attenpts failed. The equipnment was | ater recovered and tested.
Apart from being enpty of air, there was no adverse coment on the equipnent.

Case SC 76/5

Aged 24 and armed wi th one year’s di vi ng experience and a C-card obtai ned after
a course, this diver was on a boat divewith fellowclub nmenbers. The sea and weat her
conditions were good, underwater visibility excellent. Al the divers were
certificated and were checked as to their equi prent and buddy pairing before being
allowed to enter the water. As the boat owner accurately sumed it up, “l checked
because | amthe one who has to fish themout later”. He renained in the boat and
was a very efficient “surface cover” as events showed. The victimand buddy kept
cl ose toget her during descent down the sl oping sea fl oor and eventual | y reached 30
m (100 ft), here nmeeting by chance a pair who had entered the water before them One
of this pair realisedthat he was | owon air so they made an orderly ascent. Suddenly
t he buddy real i sed t hat she was al one, her conpani on no | onger visible. Shetherefore
returned to the anchor line, expecting to find the buddy there or already surfaced
and waiting at the boat. She ascended alone to find that the |Iine had been buoyed,
t he boat was gone and that the other pair of divers at the float had not seen the
m ssing diver. The man left in the boat reported that he had seen a diver surface
about 150 m away and call several times for help, so he had buoyed the anchor and
proceeded i medi ately to the spot. Unfortunately no trace of any di ver coul d be seen
so he returned and col l ected all the dive party, checked that one was i ndeed ni ssi ng
and returnedtoinstitute an underwater search in the area of sighting. Oher divers
joined in and ultimately the body was discovered in 12 m (40 ft) of water in the

expected area. The weight belt was still in position and the CO type vest was not
inflated. As nore than one hour had el apsed there was no point in resuscitation
attenpts. Subsequent investigation showed that the tank still contai ned 900 psi of

air and that all the quick-rel eases functioned correctly. The victi mhad previously
spoken about free-flowtrouble with the regulator to a friend but had not nmenti oned
this at the dive shop when obtaining air for this dive, so it was presumably an
i nconstant problem Testing showed that there was a mld problemw th water entering
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t he nmout hpi ece but this was not to adegreelikelytotroubleatraineddiver. However
the lifejacket’s CO cylinder spontaneously fired after the vest had been washed and
put aside for | ater exam nation by the police. It was thought likely that the firing
pi n had dented but not fully piercedthe seal duringthe incident andthe perforation
becanme conpleted as a result of l|ater handling.

Ther e was no known reason for the victi mto make a sudden ascent w t hout war ni ng
the buddy first, for visibility was good and his air supply was still adequate.
Possi bl y a shark was seen or a m sfunction of the denand val ve occurred. Asthevictim
shout ed several times after reaching the surface and t he aut opsy showed no si gns of
pul monary barotrauma, only drowni ng changes bei ng descri bed, air enboli smcannot be
readi |y suggested. It is possiblethat after a successful 30 m(100 ft) ascent there
was some surface buoyancy i nadequacy, the vest failedtoinflate and wat er was i nhal ed
bef ore thought could be given to rel easing the weight belt.

Case SC 76/6

The initiating factor in the sequence of events that led to this fatality was
the | oss of a facemask, foll owed shortly by a unpl anned water entry. The diver, aged
55, had 30 years experience with scuba and was standing on a reef with his buddy
after a dive. They both raised their nmasks whil e discussing whether to return to
shore along a jetty or by swimring. The buddy was tired and getting low on air,
underwater visibility was poor, but it was decided to swm At this time a small
wave broke over the reef and tunbled the victimoff his feet. He surfaced a short
di stance away, mnus his mask. After helping him back onto the reef the buddy
attenpted to recover t he mask but the turbul ent bubbling water off the reef made this
i npossible. He surfaced fromhis search to see the victimfloundering on the reef
so attenpted to reach hi magai n, and the next thing he remenbers is seeingthe victim
10 maway fromhimin the water. He inflated his own buoyancy vest and managed to
rejoin his friend. He told himto drop his weight belt but this was not done and
neither didthevicti mfoll owadvicetoinflate hisvest, though he was seento attenpt
to mani pul ate the vest’s nout hpiece. He was still retaining the regulator in his
nmout h but seened to be i n sone undefinabl e trouble. The buddy, despite trouble with
col d hands, managed to drop the victims weight belt but was unable to mani pul ate
the rel ease of his own with one hand. The victi mwas passive at this time and the
buddy started to towhi mto shore but had to let go for a short time to use both hands
to drop his own weight belt. During this period the victimdrifted 10 maway again
and i ncreasi ng waves prevented contact being re-established. A notor boat chanced
by, sawthe buddy’ s wave for hel p and pi cked hi mup. He was exhausted and conpl etely
out of air by thistine. The boat was then directedtothe victim who was unconsci ous
but retained the demand val ve nouthpiece in his nouth. It is not certain whether
he was still breathing. Resuscitation was started in the boat and conti nued on t he
beach but was unavail i ng.

I nvestigation|later showed that the victim s tank still contained 1,100 psi air
but that the inflatable vest had an “expired” CO cartridge and t he nout hpi ece was
not functioning. The vest was in poor condition and was descri bed as bei ng usel ess.
The aut opsy showed drowni ng as the cause of death. The victi mshowed no real signs
of consci ousness after being seento attenpt to use his vest. The buddy had two years
(45 sea dives) experience but felt renorse that he had not been nore physically fit
so as to do nore for his conpanion. The record shows that in fact his actions were
hi ghl y commendabl e despite the unfortunate outcone.

Case SC 76/7

Three friends went scuba di ving together off awharf jetty. The water was cl ear
but cold, with depth about 12-13.5 m (40-45 ft). They swam underwater in visual
contact about 5 m(16 ft) apart and surfaced when one becane lowon air. They all
surfaced normal |y and started to make t hei r i ndependent ways back tothe jetty. There
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was by nowa 0.6 m(2 ft) “slop” to the water.

A witness on the wharf heard what he described as “a gurgling yell” and | ooked
down to see a diver on the surface paddling feebly with his hands, his face held up
out of the water. He was seento let his head fall forward and his face subnerge.
Anot her witness sawthe victimestinmated as being 9 m(30ft) fromthe jetty, on the
surface attenpting to rel ease his tank: his mask was half full of water and water
was going into his mouth. The alarmwas raised i medi ately. The two ot her divers,
who wer e approaching the steps on the other side of the jetty to that chosen by the
victim were told their friend was in trouble. One of themsaid that he was too
exhausted to re-enter the water because of the rigours of the return swm but the
ot her di scarded his tank and swamto offer hel p. The victi mwas now about 4.5 m (15
ft) fromthe jetty, unconscious and without tank and weight belt. He was brought
out of the water and resuscitation attenpted, but without success. It seens probable
t hat death occurred before renoval fromthe water. Check revealed that very little
air remainedinthetank. None of thistrio had any buoyancy aid. Althoughthe victim
was accounted to be a fairly experienced diver, in fact, his 2 years of diving had
been | argel y wi t h hookah apparatus, and the statenent that he was i n good heal t h was
qualified by the doctor perform ng the autopsy who descri bed hi mas obese. He was
only 32 so this doctor was surprised that such a sudden death had occurred and
suspected some cerebral haenorrhage and therefore limted his exanmi nation to the
cranial cavity. As no such disease was found, drowning was di agnosed.

Case SC 76/8

Thi s 45 year ol d man was diving for crayfish froma boat onthis, his first open
water dive. It is saidthat he had practiced di ving a nunber of tinmes oninland waters
but his skill is unknown and neither is it known whet her he received any i nstructi on.
The party consi sted of one diver using a snorkel and three using scuba. The three
scuba divers conpleted their dive and swamback to their boat, on the surface, the
victimbeing the last in line. After boarding the boat they observed himfloating
face down on the surface. Although not really worried by this they decided to start
t he engi ne and go pick himup as he was quietly drifting away fromthem After some
del ay occasioned by difficulty in raising the anchor they reached him He was found
to be unconscious so was taken into the boat and both EAR and ECC started,
unfortunately w thout success. Autopsy reveal ed that a nyocardi al infarction, due
to vascul ar di sease, had occurred. No evidence about the victinis previous health
was presented to the coroner.

3. Hose air supply diving (al so called hookah or surface air supply) provided one
tragi c but very significant case. Those i medi ately invol ved were the unfortunate
victinms of a series of deci sions nmade by others not present, intines |ong past, that
had set up an unrecogni sed fail-fail situation. they nerely made the final m stakes
that conpl eted the scenario.

Case H 76/1

Thi s experienced and wel | trained di ver was working with others froma regul ar
di ve boat attending to noorings. Only one diver was underwater at any time. The
air was supplied froma doubl e bank of 150 cu ft cylinders, two rows of five, kept
protected (i.e. hidden) at the stern by a wooden cover. There were two lines from
t hi s bank, one bei ng coil ed on the deck and the other attached to t he di ver’s harness
for present use. A nouth-held demand val ve was being used in connection with this
hose supply and t he di ver wore a mask covering eyes and nose only. The water depth
was 21 m (70 ft) and a total dive time of 30 mnutes was allotted to each diver in
turn, this allow ngagenerous safety margi nfor hard work conponent. The dive pattern
was descent, attach liftingcables, ascendwhileliftinginprogress and descent again
for next attaching task till tinme was expired. Only one di ver was underwater at any
time. The man whose di ve preceded t hat of the victi mnoticed that t he gauge i ndi cat ed
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that the in-use cylinder was | ow so changed the attachment to a full cylinder. This
change- over was not t he specific responsibility of any desi gnat ed person apparently.
The victimentered the water and dived to the sane pattern as all the others, nmaking
two surface excursions as required by the above plan. No variation in his actions
fromperfect normality was noted. Wen he failed to respond to even a second si gnal ,
and the absence of ascendi ng bubbl es was noted, the standby diver was i medi ately
sent down to investigate. He found the victimlying on the harbour bottommi nus his
nmout hpi ece and unconsci ous. He was rai sed as rapidly as possi ble and resuscitation
started usi ng an Oxy-vi va and ECC on t he di ve-boat. Although there were no definite
signs of life attenpts continued and the set’s oxygen supply becane exhausted so it
becanme necessary to change to the | arge cylinder of oxygen that was aboard for just

such an eventuality. It was now di scovered that the oxygen cylinder was already
coupled up to a hose, the diver’s supply hose. Though resuscitation was conti nued
during the trip to shore and onwards to a major hospital, it was unavailing.

Aut opsy showed t hat deat h resul t ed fromdr owni ng, thi s foll owi ng unconsci ousness
from breat hi ng oxygen during work at 21 m (70 ft) depth.

The nost imediate error in the chain of events was the connection of the
i ncorrect gas supply to the diver’'s equipnment. This occurred easily because only
the cylinder valve was visible, the colour coded shoul der being hidden behind
protective flooring. The only precaution taken against this type of m stake was the
general know edge anong divers who were likely to dive fromthe boat that the oxygen
bottl e was al ways the bottomleft one in the rack of the ten 150 cu ft cylinders.
Naturally the reliance on traditional practices was i medi ately changed to a fail -
safe nethod in that the oxygen cylinder was separated fromthe air cylinders from
thistinme. Neverthel ess the events coul d never have occurred had it not been possi bl e
to connect up the hose incorrectly. Hospital anaesthetic fatalities have anply
denonstrated the inperative necessity for different thread sizes for each type of
gas i f machi nes are not to be wongly connect ed up on occasions. Nitrogen and helium
have el sewhere, it is believed, beensuppliedtodiverswithsimlarly fatal outcorme.
There are other (fire) dangers too i f oxygen under pressure passes through i ncorrect
fittings. Attentioncouldwell begiventothis matter before a simlar m sadventure
occurs in sone other diving group. It is to be noted that this tragedy illustrated
that it is unwise to assunme that any procedure is safe merely because no acci dent
has yet occurred. Only frequent positive reassessnment of current diving practices
wi || keep unsafe practices at bay.

Di scussi on

The primary | esson one can draw fromthese el even case histories is that one
can never afford to hold the sea in disrespect. It is necessary to be able to swim
and to master a snorket, a piece of equipnment too little respected, even for calm
wat er safety. The frequency of the fatal pattern of events devloping in divers at
the surface illustrates that one is not honme and dry until safely out of the water
and the dive plan nust take account of this fact. The surface layer is the killing
ground for those whose training and equi pnment are not up to the demands of the
occasion, the rapidity with which death can occur meking the prevention of the
aspiration/unconsci ousness/death progression preferable to an over optimstic
belief intheefficiacyof resuscitative measuresinsuchcasualties. Thoughreliable
buoyancy vests were of value to several of the survivors, none of the victinms had
such aid. Thefailureto function of the vests of the two victins who had themconfirm
t he bel i ef of many that CO2 i nfl atabl e vests are liabletofailureat thecrisistine,
which at the very | ease nusst be bad for the user's norale. Both cold water and
wor seni ng sea conditions are significantly noted by survivors and | ack of bhoyancy,
withlittle or no remaining air, aggravate the risk of exhausti on and conmpounds the
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probl em of meking a safe |andfall.

In one case the fatality was due to a “heart attack” in a diver separated from
his friends. This raises the question of fitness to dive. It is unfortunate that
the victims medical history is unavailable but the experience gained fromthe
exam nation of Australian airline pilots over a ten year period has been that there
i s apoor predictive score fromthe routine exam nation and resti ng ECG when checked
against later events. O the twenty pilots in the study who suffered conronary
t hr onmbosi s only one was "predi cted" while threeinfacrcts occurred unnoti ced between
routi ne ECG checks. Fewof the pilots who were disqualifiedfromflying onthe basis
of ECG changes were known to suffer a later coronary thrombosis. O course no of
this group had admtted synptons. One other victimwas said to be obese, with the
i nplication of reduced fitness. Both these cases al so invol ved significant factors
additional to the health problens.

A better assessment of sea conditions, an adequate reserve of air in the tank
for the return fromthe dive and a reliabl e buoyancy reserve are basic requirements
for eventhe “certificated and experi enced” who wi shto reduce t he odds agai nst t hem
It is advisableto fit a subnersible contents gauge, and be guided by it. Look before
you leap into the water and as al ways, TH NK

Notes to Correspondents and Authors

Pl ease type al | correspondence and be certainto gi ve your nanme and addr ess even t hough
they may not be for publication. Authors are requested to be considerate of the
limted facilities for the redrawi ng of tables, graphs or illustrations and should
provide sane in a presentation suitable for photo-reproduction direct. Books,
journals, notices of Synposia, etc will be given consideration for notice in this
journal .

Addr ess correspondence to:
Dr Dougl as Wl ker

PO Box 120
NARRABEEN NSW 2101

DI SCLAI MER

Al'l opinions expressed are given in good faith and in all cases represent the views
of the witer and not necessarily representative of the policy of SPUVS.
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TABLE 1

Case Information Age Ski |1 Vest Buddy Air Bri ef
Sour ce status not es:
BH 1/76 | nquest 26 nil no no - al one, 3ft deep
cal m sea
BH 2/ 76 Deposi tions 24 sl i ght no no - poor sw mrer,
Report cal m sea,
44ft deep
SC 1/ 76 Deposi tions 45 sl i ght no sepn  ??? 1st open water
di ve: CT.
SC 2/ 76 Deposi tions 36 C-card no sepn  off surface, calm
1 year sea
SC 3/76 | nquest 40 C-card no no full pr of essi ona
di ver killed by
propel | ot
SC 4/ 76 Deposi tions 20 C-card no sepn | ow COLD, rough
Report waved for help,
surface buddy
vest
SC 5/ 76 I nquest 21 C-card FAI L sepn satis surfaced from
100ft; calls for
hel p
SC 6/ 76 Deposi tions 55 30 yrs FAI L YES satis COLD; | ost

mask; washed of f
reef; rough

wat er
SC 7/ 76 Depositions 32 sl i ght no sepn enpty COLD; rough
(hookah) dropped w s,
tank; Surface
SC 8/ 76 1 nquest 18 nil no YES full rough sea entry
of f rocks.
H1/76 I nquest 23 trained no no *x suppl i ed oxygen
at 70 ft
KEY:
Deposi tions = statenents of witness as to police at incident tine
| nquest = witnesses with statenments before the Coroner
Report = direct “Stickybeak” report by a wtness
Buddy YES = Buddy present and active help all critical tines
Buddy sep. = Buddy separated at critical tinme of the incident
Buddy no = dived or swam al one on the incident dive
CaLD = witness assessnent that this a significant factor
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THE NEAR- DROMNED AFTER A SUCCESSFUL RESCUE

John Pearn

Department of Child Health, Royal Children’s Hospital, Herston, Brisbane,
Australia

When an individual childis taken apparently dead, fromthe water the first concern
is the re-establishnent of heart beat if this is absent, and of respiration. In a
maj or epi demi ol ogi cal study of fresh water drowni ng acci dents (The Bri sbane Dr owni ng
St udy) we have been abletolookindetail at subsequent eventsinsurvivors. Detail ed
data is avail able for fresh water cases only, but we have consi derabl e anecdot al and
case history experience with salt water cases as well.

SURVI VAL RATES

O all unsupervised children who | ose consciousness in fresh water, al nost exactly
50 percent will survive. The survival rateinsuchcircunstances i s higher i nsw nm ng
pool i mersion accidents, and lower in creeks and rivers where the extraction tine
tends obviously to be | onger. The data for surf rescues i s approxi mately 75 percent
survival. Whether this difference is due to the altered pathophysi ol ogy of drowni ng
inthe two types of imrersion nmediumis doubtful; it is norelikely that a child in
difficulties in the surf is extracted nore quickly than a child overl ooked and
drowning in a home swi mrng pool, and survival rates probably are measuring the
imersion tinme (and by inference, the degree of anoxia).

Survival rates fromRoyal Navy data are | ow, but the conplicating influence of icy
wat er conditi ons makes conparisons very difficult to interpret. One has evidence
from The Brisbane Drowning Study that colder water (but not freezing) offers
protection fromcardi ac and cerebral anoxia up to a point, but there cones a stage
as the wat er cool s further when any advant age i s | ost because of conplicating cardi ac
effects due directly to hypotherm a.

TI ME TO FI RST GASP

A conmon question that arises for all involved in rescue and first aid work i s “how
| ong shoul d one press on with resuscitation if no vital signs return?” W have now
personal ly i nterviewed the parents, resuscitators and nmedi cal officers involved in
over 70 extractions of an apparently dead child fromthe water. |In those cases who
survived (56 in our series), the nedian tine until the first respiratory gasp was
5mnutes, with arange of 15 secondsto 60 ninutes. Inall but tw cases of survivors,
respiration was established within 25 minutes after extraction fromthe water,
irrespective of theskill of resuscitation, I nnost cases theresponse was very qui ck.
One child who did not respond until 25 minutes after rescue, had a storny several
days in intensive care, but has recovered conpletely with a normal | Q neasured by
formal psychonetry. |In two cases (4 percent) there was no gasp until between 30 to
60 minutes after rescue, and both children have suffered mental retardation and
physi cal damage (spastic quadriplegia). At water tenperatures encountered in
tropi cal and subtropical Australia, | personally feel that there is no point in
continuing resuscitation after 60 m nutes. A note of caution is needed here, as one
has to be sure that one is not dealing sinply with a frozen or near-frozen victim
rather than a dead one. It is well known from Naval experience in the Northern
Hem sphere that vital signs may not return for after 1 hour if the individual is very
cold, but prognosis nay stll be acceptable.

WHAT HAPPENS DURI NG RESUSCI TATI ON

Qur experience with fresh water accidents is that about half the would-be
resuscitators panic and are i neffective inresuscitation. One nother, on seeing her
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toddl er son on the bottomof the famly pool, ran inside hysterically and rang her
husband, and only subsequently tried to extract himfromthe water - a fatal case.
About 10 percent of cases were resuscitated by other children; if one is diving or
swiming with a child over the age of 8 years, he should be able to give nmouth-to-
nmout h resuscitation and should be trained to this end - “out of the nouths of babes
... “may cone succour. Ednonds’ excel |l ent teachi ng on buddi es, i nthe general context
of water safety, is appropriate in this context, and the concept shoul d be extended
to older children as well

Qur data from The Bri sbane Drowni ng Study shows that in 50 percent of the cases of
survivors, the trained resuscitator just happened to be present, but in only 10
percent of fatal cases. | feel this cannot be just coincidence. This offers tangible
proof that trai ned resuscitati ondoesindeedturnprobablefatalitiesintosurvivors.

In one-third of the survivors, the first signs of body novenent in the hitherto
apparently dead child was a chest and abdom nal heave | eading to vomiting. In the
ot her cases respiratory gasps were the first signs. It is inportant to be aware of
the high likelihood of a copious vomitus (consisting of swall owed water, detritus,
and | ess connnonly food), so that the airway can be nmaintained. This vomit, isin
ny experience, a very good prognostic sign. |In 90 percent of cases consci ousness
returns within 10 minutes of the establishment of respiration

Unfortunately, there is no acceptabl e data on cardiac action, or on the presence or
quality of the pulseduringreal liferesuscitation experiencesinvolvingfreshwater
i mersions. Fromour experience, using anecdotal and case history naterial, we know
of no instance where a child was not resuscitated i f a denonstrabl e pul se was not ed
inthe inmmedi ate post-extracti on phase. Mst resuscitators say, inretrospect, that
they were not able to feel a pulse at the tinme of extraction or rescue.

AFTER BREATHI NG RESTARTS

In nost cases, if gasping starts, normal respirationis fully established within 2
to 3 hours, and oftenwithin 30 mnutes. In 3 childreninour series of 56 survivors,
however, respiration subsequently stopped a second tine; in one case, this happened
several hours after the successful initial resuscitation when the child was fully
conscious, and in fact had not been adnitted to hospital at that stage. This
phenonmenon of “secondary drowning” is well recognised in both fresh water and salt
wat er cases, and i s probably due to aveol ar col | apse and surfactant | oss due to the
I ungs containing |arge anobunts of water. | feel that all resuscitated cases nust
be adnmitted to hospital for observation for 24 hours at least. |In spite of the
vol um nous literature on el ectrol yte and haenmat ol ogi cal changes after salt and fresh
wat er drowni ngs and near-drownings, in no case did we encounter any evidence of
hyper kal aermi a or haenol ysis in survivors.

Sonme degree of cerebral irritability is common in the first 12 to 18 hours after

resuscitation. |In approximtely 10 percent of cases this is quite dramatic, and
produces spasns which are provoked by non-specific stinuli. High pitched cerebra
crying or scream ng and Bi ot breathing nay al so be observed. |n ny experience this

rather worrying pattern in the first few hours after rescue is in no way a grave
prognostic sign.

MENTAL FUNCTI ON I N THE SUCCESSFULLY RESUSCI TATED

We have undertaken formal psychonetric studies in 33 children who were over the age
of 3 years, and who survived. The nedian | Qof survivors is 110, which is at | east
6 points higher than that for the general population. To explain this surprising
(but heartening) finding, it seens i nescapabl e that survivors are being selected in
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sone way. Perhapsit isthebrighter noreadventurous childwhogetsintodifficulties
inthefirst place. It may bethat moreintelligent parents are better resuscitators,
and their children are nore likely to be nore intelligent onthat account. Whatever
is the reason, the outl ook for nmental function is very good i ndeed, and one shoul d
certainly press on with resuscitation efforts with a full know edge that if one is

successful, in 95%of cases the child will have a normal overall 1Q |n one of our
cases (a donestic bathtub imrersion) the child was resuscitated after 40 ni nutes,
but is grossly brain danaged with amentia. | have al so treated one case where the

measured | Qinthis survivor (first gasp at 60 m nutes after extraction) has i ncreased
fromal nost i measurably | owl evel s at one week, to 97 several nonths later, but this
i s unusual .

Unfortunately, it may well be that the prognosis is | ess favourable for adults who
areresuscitated fromsimlar accidents, but thereis no published series yet to give
accurate data here. W also do not know whether salt water inmersion victins are
different inthis context. M inpressionisthat it nay well be that there is | ess
i kelihood of brain damage after a successful salt water rescue and resuscitation.

We have encountered no enotional after-effects whatsoever in long term follow up
studi es of these near-drowned children. 50 of 54 personally exanmined children in
this series have total ammesia for the i nmersion event. Only 3 of these showed any
fear of water subsequently, and an al nbst uni versal response by parents was that the
child was in no way nore cautious of water hazards after his ordeal.

PHYSI CAL SEQUELAE

Al but one child of the 56 survivors (a consecutive unselected series) were
conpl et el y unchanged physically after the near-drowning. | personally exanm ned 51
of the children neurol ogically andthereis noevidence of any hard neurol ogi cal signs
inall but one of these. No child suffered recurrent respiratory probl ens or mddl e
ear difficulties subsequently. Pulnmonary interstitial fibrosis has been reported
intheliterature in at | east one case The one child with neurol ogi cal side effects
had gross spastic quadri pl egi a whi ch has renai ned as a pernanent handi cap after the
accident. Thisistheonechildwhoal sohas anentia, and he nani f est s ext ensor spasns
triggered by non-specific stinmulation. This is not to say that other side effects
do not occur, but they are rare. The known sequel ae after near-drowni ng wi th hypoxic
brai n damage i ncl ude dysarthria, extra-pyram dal features, upper notor neurone si gns,
and peri pheral neuronuscul ar conplications. X-ray changes in the chest are al nost
inevitable after rescue. Perihilar pul nonary oedena, and generalised pul nonary
oedena are t he nost comonl y observed findings. It is generally consideredthat these
changes are probably secondary to hypoxic lung injury and usually clear within 3 to
5 days. No lung changes either clinically or radiologically are usually apparent
within 5 days after a successful rescue.
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ALLERG C REACTI ONS TO MASK SKI RTS, REGULATOR MOUTHPI ECES, AND SNORKEL
MOUTHPI ECES
A prelimnary report by John E. Al exander MD, Falls Church, Virginia*

SCOPE CF PROBLEM

A severe intra-oral irritation, vesiculation, and generalized i nflammati on which
attributed to a system c reaction first called to my attention the clinical entity
of allergic reactions to diving equipnent. Seven years later | published a smnal
“blurb” in Skin Diver’s Driftwood Colum and the response made ne aware that this
problemwas far fromunique with ne. Mre than fifty letters, some agoni zi ng, were
recei ved and, during the past year, | have received direct information on many nore
cases. One scuba instructor, a very fine observer, stated that about 25% of her
students showed sone reaction to regul ator mouthpiece. Allergic reactions caused
by fins and/or fin straps have al so been reported to ne.

ETI OLOGY

The actual chemi cal constituents of the rubber usedinthe manufacture of mask skirts
or nout hpi eces are unknown. However, one of the nbst conmon causes of contact
dermatitis in surgeons who wear rubber gloves is the antioxidant or accel erator
mer capt obenzot hi azole. This may be a factor in the condition | amdescribing and
its elimnation would probably be hel pful. There could be other etiol ogi cal agents
and constant pressure could be an additional factor. It nust be borne in mnd that
frequent mnor i nsultstobody tissue, while not produci ng synptons, can be cunul ati ve
enough to cause conplete sensitisation. For this reason, a diver may use a mask,
snorkel, or regulator mouthpiece nmany tines w thout severe reaction until this
endpoint is reached. Then there occurs a full-blown contact dermatitis of the face
or a severe intra-oral inflanmatory process.

TYPI CAL CASES

Mask |In the past, irritation froma facemask has been known as “mask burn” and was
frequently passed of f as a necessary annoyance of scuba diving. Characteristically,
this varied froma red i mprint of the nask skirt contact with the face all the way
to a severe di sabling eryt hemat ous reaction, wi thvesicul ation, severe pai n, weepi ng,
and crusting of the skin. | sawone case so serious that | suggested hospitalization
under the care of a dernmatol ogist. When a severe reaction occurs, it takes weeks
before it subsides and a mask can be worn again.

Oral Reaction to Mout hpiece M nor insults can occur in the nouth without disabling
synptons for |ong periods of time. However, when a reaction occurs, it |ooks thus:
amldburni ng sensation of the nouth when hot drinks, fruit juices, or heavily spiced
liquids are taken progresses to inflammation, redness, vesiculation of the ora
nmucosa, gingiva, and tongue; and | have seen it extend into the pharynx. The pain
is severe! This clinical entity could be linked to a cross between a very severe
apht hous stomatitus and trench nmouth. (The differential diagnosis could be nade by
hi st ory and m crobi ol ogi cal studies). | have observed cases where eating and tal ki ng
had to be curtail ed.

TREATMENT

The treatment, of course, istofirst removetheirritant - stop diving tenmporarily!
If the reaction is severe, consult your physician and show him this article.
Synmptomatic relief for serious intra-oral reaction has been obtained by using a
nmout hwash consi sting of equal parts of Elixir Benadryl and M|k of Magnesia. This
necessitates a medi cal prescription. Severereactions ontheskinof thefacerequire

44



the services of a skilled dermatol ogi st.

Future treatnment requires the use of a hypoallergenic nask and nout hpi ece. This
statenment requires arecomendati on. Wile there nay be others, | have been wor ki ng
with Di ck Bonin, President of SCUBAPRO who has been aware of this problemand has
wanted to hel p, not to nake noney but to assist in naking diving nore confortable
and pl easant. W had tal ked about nmaki ng t hese products fromsilicone rubber, since
inm specialty | have seen this material (Dow Corning Medical Grade Silicone) used
i n thousands of cases and have never yet encountered an allergic reaction. (This
is part of nmy speciality of Plastic Surgery). | had also talked with the president
of a scuba equi pnent manufacturing firmabout elim nating nmercapt obenzot hi azol e and
di scovered that he already had i n his inventory a gumrubber nmout hpi ece that di d not
contain this clinical irritant. It was tried and found to be hypoal |l ergenic and |
recomend it. O her nasks made of silicone rubber are available and | feel they are
hypoal | ergenic and | recomrend them

I nconclusion, | wishtoobservethat anyindividual withany kindof allergic history,
who is diving or planning to dive should consider the purchase of silicone or gum
rubber nout hpi eces and nasks.

The aut hor of this articleis a Plastic Surgeon with 13 years di vi ng experi ence, NAU
Certified, D ving Medicine, and a nenber of UMS since 1968.

* *x * *x * * *x *

The article by Dr John Al exander, which first appeared in PRESSURE (Feb 1976) is
reproduced by permi ssion of the author. It is one nore rem nder that nothing is
entirely neutral and innocuous under all conditions. Divers are renminded of this
fact whenever they hear the words ‘Inert Gas’ applied to Nitrogen, Helium etc.

* * *x k* * * * %

SAFE EVACUATI ON OF DI VERS UNDER PRESSURE Conti nued from page 48

| nedi ate response to | ocal energency:

I's the probl eminmediat e?

How rmuch tinme is avail able to make decision on evacuation?

What nmen are avail able to assist?

What power is available to assist?

Does the weather forecast suggest that a conpression chanber can be safely
| aunched into the sea?

Evacuati on

Evacuati on under pressure nust be classed as the ultimte energency, the enphasis
bei ng placed on “Prevention”, “Continuing Awareness” and “Inmedi ate Response”.

Thi s paper i s circul ated for consul tation. Theincreasedavailability of diving ships
in the North Sea may well help to inprove the chances of safe evacuation under
pressure. In turn this my lead to the need for standardi sed mating techniques in
the long term Constructive conments, proposals and reconmendations will be very
much appreci ated. Address for correspondence: Conmander SA Vrner, Chief | nspector
of Diving, Departnment of Energy, Petrol eumEngi neering Di vi si on, Thames House Sout h;
M || bank; London SWP 4QJ; UK
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SAFE EVACUATI ON OF DI VERS UNDER PRESSURE (O fshore operations |ocal Energencies)
Commander SA \Wr ner

Legi sl ation

The offshore Installations (Diving Operations) Regul ati ons 1974 Schedule 1 para 4

(9).
The Merchant Shipping (D ving Operations) Regul ati ons 1975 Schedule 1 para 4 (Qg).

The Subnari ne Pi pelines (Diving Operations) Regul ations 1976 Schedul e 1 para 4 (g).

I nt roducti on

H story has shown that under rare, but often traumatic conditions, it is necessary
to evacuat e an of fshore install ation, a barge, structure, vessel or a ship. (During
t he period 1955-1974 there were 70 nmaj or nobile rig m shaps and 20 minor nobilerig
nm shaps worl dw de).

Evacuation can be necessitated by fire, collision, extrene weather, blow out, etc.
It is essential that the possibility of such energency be considered first with a
viewtomninsingtherisk, and second to devel op a pl anned response t 0 an ener gency,
should it arise. This paper is an appraisal of the possible enmergency situations,
and outlines sonme of the essential features which operators should consider.

THE RI SKS

Fire

Fire can occur on board an installation or vessel at any time, therefore it is
necessary to have the strictest fire precautions in operation at all tines. Dueto
the particular risk to diving installations, consideration nmust be given to siting
themwith all essential equi pnment inside a deluge area, or inclose proximtytofire
hydrants. Consi deration should al so be given to the possible use of fire protection
screens. |n ships, consideration should be given to the siting of diving equi prent
in areas not generally recognised as high fire risk areas.

Col I'i sion

Even with sophisticated navigational aids, collisions at sea do occur. Strict
adherence to the rules for prevention of collision are especially necessary and
efficient patrolling of restricted areas is sinmilarly essential. Special careis

needed wi th ships coming al ongsi de as part of their business when divers are under
pressure.

Weat her

It is well known that North Sea weat her conditions are anong t he worst, nost extrene
inthe world, and there is a very short weather warning. However, given a warning
of i npendi ng bad weat her, consi deration shoul d be gi ven to del ayi ng t he comrencenent
of saturation or | ong pl anned deconpr essi on di ves. Good comuni cati on bet ween di vi ng
supervi sor and vessel or installation managenent i s essential. Consideration should
al so be given to producing a procedure whereby deconpression from saturation
commences i f the weather deteriorates to a given state and i nmedi at e et eor ol ogi cal
forecast shows that rapid inprovenent is unlikely (ie. Sea State 7, Beaufort w nd
force 8, or whenthe vessel isforcedtolaytoweather anchors or head for a sheltered
haven) .

Bl owout

In the event of a mgjor blowout at the seabed it is possible that the surrounding
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area wWill becone so aerated that normally buoyant hardware could sink. Further,
al t hough a bl owout presents avery highfirerisk, providingafire prevention system
is maintained, a normal surfacing safely schedul e nay be possible.

Al t hough bl owout can represent a major risk to diving operations, throughout the
hi story of of fshore oil expl oration and expl oitation there has only been one occasi on
when it has been necessary to evacuate divers, either operating or under pressure.
There have been at | east 50 occasions when an installation or vessel has had to be
evacuat ed. However a serious bl owout represents an extrenely hazardous situation.

Good comruni cati ons between drilling operatives and the di ving supervisors to ensure
that diving is not undertaken during operations involving high risk is essential.
(Such things as: bal l asting of sem -subnersibles, rig work-overs, drilling
operati ons when enteri ng known or suspected hydrocarbon zones, etc. should formthe
basi s of conmmuni cati on between the drilling operatives and the diving supervisors).

Evacuati on Techni ques

It cannot be stated too often that a response to an energency situation will never
be as effecti ve as preventi on of the situati on. However, an emergency situation coul d
al ways occur and emer gency procedures and possi bly speci al hardware nmay save |ives.
The undoubt ed fact that all di saster situations cannot be catered for shoul d not del ay
actions to cater for an appreciable fraction of the eventualities.

Several possible nethods of evacuation under pressure are under consideration and
a few general conclusions should be considered.

Evacuation by Diving Bell

It may be possible to evacuate 3 or perhaps 4 divers under pressure in a diving bell
by transferring the bell to another vessel.

If a rescue vessel with the necessary lifting gear, with deck chanbers and with
conpati bl e bell -mati ng syst ens, can be brought al ongsi de, the transfer coul d be made
relatively quickly enploying the transfer under pressure technique.

In the absence of such a vessel it may be possible to float the bell away fromthe
installation or vessel at risk.

For this method, the buoyancy and stability of the bell inthe water, as well as the
aut ononous |ife support and tenperature nmaintenance systens, are essential as well
as nmeans of recovery fromthe sea.

The techni que of |aunching the bell into the sea and the actual position of entry,
nmust be considered. (It is no good just slipping a bell into a nmoon pool, neither
is it acceptable for the bell to be slipped fromany height.)

The actual freeboard from the diving conplex to the surface interface nust be
consi dered. For exanpl e sone barges have only a fewfeet freeboard whereas a pl atform
may well have over 100 feet.

Evacuati on by One/ Man Chanbers

Under |imted circunstances the transfer of nen ni ght be made i n i ndi vi dual chanbers.
One m ght consider the possibility of a store of one/ man chanbers equal to t he nunber
of divers under pressure, being kept available so that with, the appropriate life
support, these i ndi vi dual chanbers coul d be evacuat ed t oget her wi t h ot her personnel.

Alimted nunber of divers coul d possibly be transferred usingthe nedi cal evacuati on
chamber currently being fabricated.
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Evacuation by Purpose-Built Safety Chanber

It is clear that a major linmtation of all rescue nmethods is the tine required to
operate the rescue system and the nunmber of people involved in the operation

Since energency situations will frequently arise rapidly, the nmeans of rescue nust
be capabl e of rapi d depl oynent by t he mi ni numnunber of peopl e. This basic requirenent
has givenrisetothe concept of specially desi gned chanbers withrapidly di sconnected
attachnment to the mai n conpl ex, the chanber accommmobdati ng t he whol e t eam of di vers.

Consi derati on of sea state, |aunching techni que, buoyancy, stability, Iife support,
heati ng and neans of recovery apply as for the diving bell.

The stability inaseaway of a purpose-built rescue chanber m ght possi bly be achi eved
by the planned application of external buoyant insulation

A “float-of f” technique for such a chanber shoul d be consi dered.

Cener al Consi derati ons

It is not intended here to devel op the engi neeri ng concepts nor discuss the merits
of the various evacuation techni ques. Two overall points should, however, first be
under st ood.

(a) There is evidence that increased attention to preventative neasures may
be nore cost effectivethan speci al evacuati on systens. This topicrequires
careful and systematic study.

(b) One effective evacuation technique is in effect a transfer from one
conpressi on chanber to another. An essential requirenent for effective
use of any evacuation technique is therefore that a dive systemshall have
conpati bl e (standardi zed) | ocking-on facilities.

Pre- Pl anni ng bef ore Energency Evacuation

Legislation requires that provisions be nade in diving rules in respect of
evacuat i ons. It is recommended that the following overall circunstances be
separately considered in these diving rul es and gui dance on appropri ate response be
gi ven:
Prevention
What are the particular risks in the diving operation from

Extrene weat her ? Fire and/ or expl osion? Col l'i si on? Bl owout ?

What comunication would vessel or drilling managenent or others have been
established to communi cate particular risk situations?

What neasures can be established to mnimse the risk from circunstances noted
previously.

W1l the proposed energency action place the divers at even greater risk?

Itens requiring continuing awareness

What is the weather forecast?

What support vessels are avail able and what tine would be required for their
arrival ?

Where i s the nearest conpression chanber facility andis it conpatible with the
system on board?

CONTI NUED ON PAGE 45
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