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EDITORIAL

The best justification for a publication such asthisisthat
it actsasa platformfor the display and discussion of facts
and opinions, on the assumption that such a course of
actionwill encouragea better under standing of the subject
matter. To be effective in such a role will involve an
occasional challenge to accepted beliefs, which will be
described by the innovators (iconoclasts) as dogma.
Medicinecertainly hasarich history of entrenched beliefs
which had long outlived their usefulness, and it would be
unrealistictothink that Diving Medi cine escapesthesame
cycle of events. We now appear to be in the phase of
reassessment of the decompression tables. Thereis an
awareness that they are there for a purpose, which is to
make a specified type of diving “ reasonably free fromthe
risk of significant decompression-relatedill effects’ . For
too long a dogmatic opinion held sway that because of the
complex mathematics of their construction the results
must be right. This ignored a basic and vital rule of
science, that if facts and theory disagree, reconsider your
theory. This belief in the correctness of the tables is an
example of the self-fulfilling prophesy syndrome. Asonly
those who broke the rules would be The Bends, the
occurrence of any symptoms was proof of poor diving
practices. What had been overlooked wasthat thedesigners
of the tables had never stated that the tables prevented
decompression sickness, only that, after whatever testing
that had been done, decompression sickness was so
infrequent asto bean acceptableincidence. Naturallythe
USN divers, who soon learnt that the incidence of
decompression sickness considered acceptable by the
table’ soriginator wastoo high for comfort, started adding
depth and timeincrementsto the dive that they weredoing
to calcul ate the decompression requirements. With these
fudge factors, the USN tables give an incidence of around
1 case of decompression sickness for every 3,000 dives.
The use of fudge factors resulted in happy compilers of
tables, unbent divers, and a misplaced belief in the
correctness of the theoretical basis used to construct the
tables. Astute readerswill recognisethisas another plea
for the collection of masses of accurate diving data to
enable a realistic evaluation of the appropriateness of
present ideason diving. The collection and the storage of
such data will be addressed in the next issue.

Thereareseveral subjectsripefor re-evaluation, not least
those of fitnessto dive. Questionsthat we should consider
in this context include the following. Should there be
gradesof fitnessto dive? Should a personwithadisability
beallowedtodiveat his(or her) ownrisk? Pertinenttothis
isthe question “ Does being a doctor give that person the

right to play God?” Another ishinted at in a brief notice
(whose significance may not occur to those who omit
reading the Editorial!) on the question of who isto decide
andlist“ personsconsidered to be adequately informed to
performa Diving Medical” . It would be easy to make the
listingasimpleyesor no one by requiring the applicant to
have passed an RAN coursein Underwater Medicine. But
such coursesdo not necessarily produceathinking diving
doctor or only one who at one time knew the expected
answer sand knew about RAN equipment. But recreational
diving isa different matter, a branch of diving not part of
the RAN coursein past years. Onthe other hand, one can
optimistically assume that the medical eduction produces
a thinking person who will be able to apply the basic
medical knowledge of underwater medicine, which does
apply to everyone who ventures underwater or under
pressure, to thecivilian scene of the sportsdiver. Thereis
no doubt that various government departments want a
reliable and uniform standard of assessing fitnessto dive,
if onlytoreducetheproblemsof litigationin compensation
cases. Other organisationsal sowishfor auniformstandard
of medical assessment of fitnesstodive. Nodivinginstructor
wishes to be sued by the relatives of a deceased student
whose medical condition precipitated his or her demise.

The ongoing nature of (diving) medical education iswell
described in Tim Anderson’s paper. The only possible
bone of contention is the generous assumption that those
who follow the proposed coursewill, of necessity, thereby
acquire understanding as well as experience. We have
beenfortunatethat theRAN School of Underwater Medicine
(SUM) hashad officerswilling and ableto break freefrom
strict adherence to the safe haven of the Diving Manual
andabletointroduceflexibilityintomanagement. Without
suchdiving doctorsasCarl Edmondsof SUM, theworld of
diving medicinewould have beenimpoverished. Hedrew
the world's attention to the problems of inner ear
barotraumaand saltwater aspirationaswell ascontributing
new ideasto thetreatment of decompression sickness. His
papers at the recent SPUMS Annual Scientific Meeting
highlighted new problems. Someof themwill bepublished
inthenextissue. Heand hissuccessorshaveillustratedthe
admonition given by a onetime Oxford tutor, Kenneth Bell
who, on first meeting his pupils said, “ It is our purpose
here to make you think rather than to know, but please
remember that in order to think it is necessary to know.”

The validity and relevance of our advice as persons who
have knowl edge of diving medicinewill rest onthe degree
to which we can live up to this statement.



SPUMS NOTICES

DOCTORSWITH TRAINING IN UNDERWATER
MEDICINE

Any doctor, who has completed a course in Underwater
Medicine, who wishes to have his or her name added to a
list, to be published by SPUMS, of doctors who have
completed the Underwater Medicine course conducted by
theRAN, isinvitedtowritetothe Secretary of SPUM S (Dr
ChrisAcott whose addressison the opposite page), giving
details of the course attended and of underwater medicine
experience.

PROPOSED CONSTITUTIONAL AMENDMENT

It has been proposed that the outgoing president (Past
President) beamember of the Executive Committeeinthe
future. Having the Past President as a member of the
Executive Committee increases continuity and lengthens
the Corporate memory.

If any member objects to this change to the constitution
they should write to the Secretary of SPUMS (Dr Chris
Acott whose address is on the opposite page) registering
the objection by 30 September 1985.

If any objections are received apostal ballot will be held.

NEW ZEALAND CHAPTER

At the Executive Committee meeting held at Bandos
Island duringthe Annual Scientific Meetingitwasdecided
to support the formation of a regiona branch in New
Zealand, to be known as the New Zealand Chapter.

The needs of New Zealand members would be better met
withalocal committee. Itisenvisagedthat the Journal will
be sent by air in bulk to be put in envel opes and posted in
New Zealand. Subscriptionsmay bepaidin NZ dollarsto
the New Zealand Chapter Committee, who will forward
themoney in onecheque, so saving on bank charges, tothe
Treasurer of SPUMS. The amount payablein NZ dollars
will depend on the exchange rate!

The first meeting of the NZ Chapter will involve lectures
and practical sessionsat Great Barrier |IdandintheHauraki
Gulf, Thursday 7 November to Sunday 10 November
1985. Thoseinterested in attending should write to

Dr W Paykel,

120 Vauxhall Road

Devonport, AUCKLAND 9

For further informati on about the New Zeal and Chapter of
SPUMS contact

Dr A Sutherland,
4 Dodson Avenue,
Milford, AUCKLAND 10

July 1985 rate
Members $NZ 42
Associates NZ 28

OBJECTS OF THE SOCIETY

To promote and facilitate the study of al aspects of
underwater and hyperbaric medicine.

To provideinformation on underwater and hyperbaric
medicine

To publish ajournal.

To convene members of the Society annually at a
scientific conference.

MEMBERSHIP OF SPUMS

Membership is open to medical practitioners and those
engaged in research in underwater medicine and related
subjects. Associate membershipisopento al those, who
are not medical practitioners, who are interested in the
aims of the society.

The subscription for Full Members is $30.00 and for
Associate Membersis $20.00.

Membership entitles attendance at the Annual Scientific
Conferences and receipt of the Journal.

Anyone interested in joining SPUM S should write to:
Dr Chris Acott,
Secretary of SPUMS,

Rockhampton Base Hospital,
Rockhampton QLD 4700.

REPRINTING OF ARTICLES

Permission to reprint original articles will be granted by
theEditor, providedthat anacknowledgment tothe SPUMS
Journal is printed with the article. Papersthat have been
reprinted from another (stated) source require direct
application to the original publisher for permission to
publish, this being the condition for publication in the
SPUMS Journal.

NOTES TO CORRESPONDENTS AND AUTHORS

Pleasetypeall correspondence, in doublespacingandonly
on one side of the paper, and be certain to give your name
and address even though they may not be for publication.

Authors are requested to be considerate of the limited
facilitiesfor theredrawing of tables, graphsor illustrations
and should provide them in a presentation suitable for
photo-reduction direct. Books, journals, notices for
symposiaetc., will begiven considerationfor noticeinthis
journal.



LETTERSTO THE EDITOR

Department of Diving and Hyperbaric Medicine
The Prince Henry Hospital

Anzac Parade

LITTLEBAY

25 February 1985
Dear Sir

| write to correct a number of errors and misconceptions
arising from comments in the article DAN (Divers Alert
Network) Australia by Robert Sands in the October-
December 1984 edition of the Journal.

The multi-chamber facility in the Hyperbaric Unit at The
Prince Henry Hospital, Sydney, is, and will be, available
for diver treatment 24 hoursaday, asit hasfor many years.
The State Government has denied categorically any future
interferencewith thefull functioning of The Prince Henry
Hospital, andintendsthat full serviceincludingHyperbaric
will be available for al civilians in the State and from
elsewhere. Thecomplex will continuetobefully available
and used by divers even after the new complex opens at
HMAS Penguin. Any suggestion that adequate facilities
or staffing expertise do not exist at The Prince Henry
Hospital will be construed as libellous and therefore
actionable, and any attempt to dissuade patients from
voluntarily using The Prince Henry Hospital facilities by
insinuationof lack of expertiseor facilitieswill besimilarly
regarded. TheHyperbaricUnitinthisStatePublic Hospital
hasbeen provided by the State Government for thetreatment
of civilian diving casualties, and will continueinthisrole.

lan P Unsworth
Director of Diving and Hyperbaric Medicine

Albatross Films and Marine Services
PO Box 337

MT ELIZA VIC 3930

Phone (03) 787 6870

13 April 1985
Dear Sir

| have been an associate member of SPUMS since 1976
and as akeen and regular diver | have gained agreat deal
of information contained in the Journal. Of particular
value are the detailed reports from Operation Stickybeak
and the annual diver accident reports from the United
States. For practicing diversandthosewhoteachit | don’t
think that there can be too much of this type of material.

Given therecent increase in the number of recompression
treatments carried out both in Townsville (in the AIMS
chamber) and Morwell (in the NSC chamber) thereisan
obviousneed for anincreased level of diver education and
adviceintheareasof decompressionand repetitivediving.

This leads me to comment on item 3 in the Genera
Businesssectionof theMinutesof theExecutiveCommittee
meeting reported in the SPUMS Journal, Vol. 14, 1984
headed“Diving Tables”. | quote, “ JKnight suggested that
SPUM S should print Bruce Bassett’ srevision of the USN
tables on plastic and distribute it free through dive shops
and the National Qualification Scheme as the best
compromise between safety and repetitivedivesat present
available. After lengthy discussion it was decided that
SPUM S could not recommend any particular tables.” The
report continues to say that diver education in this matter
should be stressed.

While agreeing with the Executive Committee’ s decision
to stress the importance of diver education, | feel that
SPUM S should also be prepared to give an informed lead
to the diving community and recommend which tables it
thinks should be used and to participate actively in the
distribution of such tables.

Decompression and repetitive diving isafact of life, both
amongst sportsand professional divers. Weareall told of
thelimitationsand dangersinherent in the USN tablesand
how they are not conservativeenough. So hereisachance
for SPUM S to contributein areal way to diver awareness
and safety. It's pointless pushing tables that don't allow
for repetitive diving. They will not be used by the diving
community. But arevised and safer version of the USN
tableswill. If such ascheme saves even onediver getting
bent, it will have been worthwhile.

Y ours sincerely
David Parer

TheBassett tables, in an easily used for mat wer e presented
at the SPUMSAnNnual Scientific Meeting on Bandosl|sland
in the Maldives Republic. The paper isprinted on page 8
of thisissue. Acommercial versionwill shortly beon sale
in the dive shops.

Mr Parer will be pleased to see that other peoplearealso
pushing the Bassett tables asthe book review, on page 18,
makes clear.

PROJECT STICKYBEAK

The aim of this investigation is to receive, store, and if
appropriate publishand makeavailablefor discussion, an
accurate record of all types and severities of problems
encountered by divers.

CONFIDENTIALITY is maintained and no details are
published to identify persons involved or sources of
information.

Please send reports to:
Dr DG Walker,

PO Box 120,
NARRABEEN NSW 2101.
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DIVING SAFETY

Peter McCartney

I would like to concentrate on the few specific aspects of
diver safety that | feel are significant in Tasmania and
suggest measures that | feel could be utilized to reduce
diver morbidity and mortality.

Thefirst point | want to makeisthat abal one divers, sport
diversandhightechdiversaredistinct groupswithdifferent
problems.

Thereare 125 registered diver fishermen (abalone divers)
in Tasmania:

120 abaone divers
2 mussdl divers
3 sea urchin and cockle divers

Thisisby far thebiggest number registeredinany Austraian
state.

On the commercial and industrial side comprehensive
regulationsobtainand arestrictly and efficiently enforced.
Poaching is monitored and dealt with efficiently.

A new diver wishing to enter the industry has to produce
financial resourcesin the range of $250,000. The bulk of
thisisfor the purchase of alicence and aquarter of itisfor
aboat and equipment.

Therehavebeen 4 fatalitiesinthelast 11 years. Twowere
dueto shark attack, thethirdinvolved aruptured lung from
arapid ascent, in afit, competent diver with agood record.
The fourth occurred in fresh, cold water, at high altitude,
withnil visibility, ie. thediver wasdivinginan unfamiliar
environment.

There have been 16 cases of decompression sickness in
abalonediversinthelast 4 1/2 years. Of these, 3havebeen
spinal bends and 11 limb bends.

In Tasmania abalone divers have an annual medical
examination and every third year a major, more
comprehensivemedical examination. All diversmust and
do comply with this. Long bone surveys and audiometry
areincluded. The possibility of looking at psychological
aspects of divers is being considered by three separate
studies and this is certainly an area worth exploring. On
two separate occasionsthe question of diver education has
beenraised at Stateand Federal levels, but so far hascome
to nothing.

People need training and proof of ability to fly a light
aircraft or driveataxi, but inspite of thecostly controlsand
regulations, there is no such provision for the abalone
diver.

Itis possible for anew person inthe industry to receive a
brief 20 minute verbal instruction on the equipment heis
about to purchasetogether withthelicence. Itisusually the
casethat licenceand equipment comeasapackagedeal. If
the newcomer considers himself a ‘strong swimmer’ he
may have no scubatraining or experience. Itisentirely his
judgement and he is free to purchase the licence and
equipment.

This situation is the exception and most abalone divers
have had the practical skills taught by established divers
and the majority adhere to safe diving procedures.

| suggest that if anewcomer to theindustry isnot familiar,
comfortable and ‘competent’ at his job, he is at a
disadvantage from the industrial standpoint. If he is
subjected tofinancial pressureto service hisloan ontop of
this, the sceneis set for danger.

Asindicated by our records, theincidenceof decompression
sicknessisnot decreasing in Tasmania. | feel that hereis
an areawhere education and legislation could provide for
somebasicimprovementsin safediving practice. Withthe
availability of arangeof trai ning programmesbeing devised
by the National Safety Council of Australia (Victorian
Division), | feel itisremissnot to go ahead and implement
acourse, which could be supervised by such a body.

I would make the point that the majority of Tasmanian
abalone divers are responsible, competent people who
have good safediving practices. Indeed | fedl that if more
consultation could occur the benefit of the skills learned
and passed on over the years, could be made available to
a wider group of abalone divers, and the new divers
comingintotheindustry could benefit by thisinformation.

| would make the point that the medical profession is not
in a position to lay down hard and fast safety limitsin
relation to the dive times and depths for abalone divers.
However guidelines could be recommended. Abalone
diving needs the advantages of the ‘art of safe diving’ as
well asthe ‘science of safediving'.

On the sport diving scene | would like to mention three
diver deaths. There have, incidentally, been no case of
decompression sickness over the same period in sport
divers. Onedeath wasanovicediver loaned hired gear by
adivingbuddy. Thissad scenario showsup over theyears
in “Project Stickybeak” reports. In the other two cases
there was a reported reluctance to dive by the diver who
subsequently met his death onthe dive. | feel instructors
should be made aware of the need to tell their students not
todiveif they havea“gut feeling” that conditions are not
right for them on the occasion.

| think anyone interested in this field owes a debt of
gratitudeto Dr Douglas Walker and hisexcellent work on
the “Project Stickybeak”.



RED HERRINGS

Peter Chapman-Smith

Red Herrings do not actually occur in New Zealand's
subtropical waters but the handsome red snapper is an
attractive alternative. It is hardly surprising that New
Zealand has alarger population of divers per capitathan
any other nation. Thisreflectsareadily availableunderwater
environment, lengthy coastlines, and afascinating marine
world. Most sportsdiving occursonthe East Capeandthe
ThreeKingsldandsinthefar North, beckoned particularly
by the off-shoreisland chain. Perhaps SPUMS may have
an opportunity to explore thisregion in years to come.

Inevitably diving related incidents or accidents present to
interested medical practitioners, and | wouldliketo present
two short cases for discussion. | have chosen my title
because it could be that neither problem was related to
diving.

Casel

An experienced New Zealand Underwater Association
(NZUA) trained 27 year old male scuba diver presented
twicein 6 monthswith recurrent facial swelling, apparent
at shallow depthson ascent. Heinitially felt“numb” inhis
right cheek (“like going to the dentist”), the swelling
spreading acrosshisupper liptothemidline. Thisincreased
over 24 hoursand subsi ded spontaneously over 2to4 days.

Hedived on most days, predominantly for crayfish. They
were frequently hard working dives with reputed non-
decompression bottom timesof between 5 and 20 minutes.
Thiswasto depths of between 100 and 140 feet. (Severa
other divers confided that he dived below 200 feet on
occasions so there is doubt whether his histories are
reliable). His ascent rate was allegedly normal, and he
always had a snack of potato chips and coke just before
diving. He was anon-smoker with no history of previous
diving accidents. He was amild asthmatic on no regular
medications but with multiple allergies (to pollen, grass,
dust, etc.), and occasiona sinusitis, presumably on the
basis of alergic rhinitis.

Thisswellingoccurred on4 occasi ons, but not onsuccessive
dives, and while using different regulators. On one of
these occasions he noted reverse ear squeeze (barotrauma
of ascent) on ascent, and on another, devel oped apost-dive
bi-temporal headache for approximately 10 minutes.

He presented acutely, asinvited, 6 months after hisinitial
presentation. On examination several hours post-dive, he
washeurologically normal withan oedematousright upper
lip, which was 2 to 3 timesits usual size. Therewere no
other relevant signs or symptoms. (On his initia
presentation 3 days post-dive he had asimilar facial wheal
appearance with several small red maculopapules in the
same distribution).

X-rayswerereported to demonstrate moderate soft tissue
swelling in the inferior aspect of the |eft antrum”. There
was apparent dental caries in the right posterior upper
molar (which appeared to be non-vital) and alsoin aright
upper premolar. No subcutaneousemphysemawas noted.

The viability of a root pulp cannot be determined on
radiol ogical appearancesalone, but thelossof bonedensity
around the apices was indicative of non-vitality.

He was referred for a dental opinion, but was last seen
bound for Hawaii on ayacht.

The differential diagnoses

1. Lymphatic or capillary obstruction causing
lymphoedema as in minor decompression sickness.

2. Dental carieswith apical gastracking, but against this
isthefact that no subcutaneousemphysemawasnoted,
either clinically or on X-ray.

3. Local alergy totherubber or metal of theregulator, but
againgt this is that he used a number of different
regulators.

4. Any other suggestions.
Case?2
This case is reported with the subject’ s blessing.

A trained and experienced 54 year old male scuba diver
presented with a sudden visual deficit on a charter trip to
the Three King I slands 50 miles West of North Caperight
off the top of New Zealand. The vessel “Elingamite”
attempted to bulldoze the West King Island in a storm
during anight in 1902. The island is perhaps 100 yards
wide! Somedivershavemadetheir fortuneand somehave
since met their maker in subsequent salvage attempts on
thismoderately accessiblewreck. Thecold bluewater and
abundant fishlifeinevitably command attention, but strong,
unpredictable currents and remoteness make it still a
relatively untouched and potentially hostileareafor divers.
Thisdiver had dived in the area previously.

After 5 days of regular diving, mostly in search of that
elusive superb underwater photograph, this man had a
leisurely first non-decompression dive at 100 feet. After
approximately athree hour surfaceinterval hewasloading
filmin hiscameraaboard the charter boat when he stooped
forward head down. Hethen coughed feeling asthough he
was perhaps developing acold. On sitting upright he felt
that maybe something was unusual in hisvision. Coming
out from thedark cabinto the daylight it was apparent that
ared curtain was descending in his right superior visual
field. Thiscontinuedto descend equatorially over thenext
few hours. Hewas aware of somelight above the redness
peripherally from the onset of symptoms. After specialist
consultation by radio, heaborted histrip. Hehad sustained
aninferior pre-retinal haemorrhage in hisright eye.



This man was physically unfit, being mildly obese with
uncontrolled maturity onset diabetes melitus, diagnosed 9
years before. He was usually normotensive. His non-
insulin dependant diabeteswas* controlled” with diet and
asmall doseof an oral hypoglycaemic agent which had not
been changed for some years. A medical practitioner by
occupation hehad not had any laboratory investigationsin
the preceding 18 months, and did not attend a GP.

In the 2 days before this incident he had been caught in a
powerful surface currentinvolving heavy finning. Wisely
hehad decided not to diveafter contendingwiththecurrent
for several minutes. He could not swim the 20 feet to the
anchor chain. The following day he had made a non-
decompression dive to 120 feet and had rapidly ascended
from 20 feet after running out of air after an abnormally
increased air consumption! His buddy had 1500 psi
remaining at the end of thedive. It had been avery gentle
dive.

Eventually it turned out that he had significant diabetic
proliferative retinopathy, severein one eye, and strangely
enough to a mild degree in his remaining left good eye.
Fundoscopy and fluoroscein angiography confirmed that
he had sustained a vitreous haemorrhage in his right eye,
presumably from neo-vascul arisation capillary loops. His
fasting blood glucose was in excess of 17 mmol/1.

Theretinareceivesitsblood supply fromtwo sources. The
inner two-thirdsissupplied fromthe central retina artery,
while the outer one-third photo-receptors and pigment
epithelium receive their arterial supply from the
choriocapillaris, single layer of capillaries attached to the
outer layer of Bruch’s membrane.

Both juvenile and maturity onset diabetes predispose a
diabetic retinopathy which isrelated to the duration of the
diseaseanditsdegreeof control. Inproliferativeretinopathy
fragile new vesselsgrow from theretinaor the optic nerve
head adhering to the posterior surface of the vitreous.
Vitreouscontraction can pull onthese new vessel scausing
bleeding into the retrohyaloid space or into the vitreous
body itself. Associated retinal detachment may occur.
Many conditions may cause such bleeding, eg. trauma,
systemic diseases (diabetes, hypertension, leukaemia),
increased arterial pressure, increased venous pressure,
inflamedvessdls, arterio-venousmalformation, retinal tears,
others (tumours €etc).

Blood in the vitreous body clots rapidly, forming a red
mass with sharp borders. Thisis related to the collagen
fibres and clotting substances present. In the retrovitreal
space however blood remains fluid.

It isworth noting that vitreous haemorrhages can occur at
rest in bed even with stable diabetic control. Thisismore
dependent on the presence of proliferative retinopathy.

The intraocular pressure is related to the mean arteria
pressure, but is generally a stabilising influence on the
arterial and venous pressures. Intraocular pressure (10P)

7
is increased by hypoxaemia, hypercapnia, coughing,
sneezing, straining, venous obstruction in the head and
neck, and increased CSF pressure. |OP is decreased by
hyperoxia, hypocapnia, hyperventilation, and systolic BP
less than 85 mmHg.

This case raises the following points.

1. Whatwasthecauseof thehaemorrhage?Wasit merely
concurrent uncontrolled systemic disease, or transient
hypertension with exertion in previous days, or a
cough causing raised venous pressure and |OP, or a
bubble phenomena due to decompression sickness,
silent bubbles or air embolism.

2. The medical practitioner as adiver. How significant
was the denial of the importance of systemic disease,
thelikely absenceof proper medical screening, andthe
absence of agenera practitioner.

3. Fitnesstodive. Surely thisstory raisesthe problem of
medical problemsarisinginour |atter yearsand perhaps
causing unfitnessto dive. | would suggest that thereis
aneed for medicalsevery 5yearsover theageof 40, to
retain certification.

COMMENTS

These are two fascinating cases from our New Zealand
colleague . The first case seems to be consistent with a
number of other similar ones who have had recurrent
episodes of purely lymphoedema with decompression
sickness. | feel that had either atrial of pressure, or the
inhalation of 100% oxygenfor afewhoursbeen performed,
then the diagnosis would have been verified.

Likethefirst case, thesecondisaveryinformativeoneand
servesto remind us of similar situationsin the past. The
final accident that the diabetic diver experienced is well
described and explained. | think Peter skipped over avery
good demonstr ation of one of the problems of the diabetic
diver, when he glossed over the incident the day before.
Peter and his diabetic buddy performed the same dive but
the diabetic panicked and wasinan “ out of air” situation
while Peter had over half hisair pressure remaining.

Diabetics often have thistrouble. In an attempt to avoid
the very likely episode of hypoglycaemia associated with
extreme or unexpected exertion, he has no option other
than to reduce hisinsulin or anti-diabetic medication. In
doing this, he must increase his blood glucose level,
together with the associated acidotic products. Thus he
has no option other thanto divein amoreor lessacidotic
state. Heisthen likely to over-breath his regulator and
resultin either excessiveusage of gasand thereforean out
of air situation, or panic because of the resistance from
over-breathingtheregulator. Inthiscase, apparently both
things happened.

Carl Edmonds
Sydney.
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TOWARDS SAFER DIVING
BRUCE BASSETT'S REVISED NO-Decompression
TABLES

John Knight

Over the past couple of years decompression sickness
presenting for treatment has become more common in
Australia. Thereasonsfor thisincrease mustinclude some
or al of the following.

1. An unchanged incidence of DCS with a better
understanding of the need for treatment among the
sufferers. | think that much of the Victorian increase
isreal, whatever the case is for other aress.

2. Diving exactly the dive set out in the tables. Many
divers seemto believe that decompression tableshave
azeroincidence of DCSif followed properly. Thisis
adelusion fostered by the fact that few sports divers
divein the pattern of the tableswhich is go straight to
the bottom, stay on the bottom at that depth, and return
straight tothesurface. Thosethat dosuchdives, diving
on deep wrecks, prove that the tables have an
“acceptable” incidence of DCS!

3. Poor diveplanning hasalwaysbeenahazard. Withthe
increase in available treatment chambers some of the
less sensible divers may have decided that thereisno
need to worry about planning dives. If anything goes
wrong thereisachamber to treat and cure one. Again
thisisafallacy as not every victim of DCSleavesthe
chamber in “as new” condition.

4. Many divers are unable to use decompression tables
properly, especially when cal cul ating repetitive dives.

5. Many depth gauges are inaccurate. 1If they read deep
thisdoes not matter. Infactitisasafety factor aslong
as the diver does not allow for it! The dangerous
gauges are those that read shallow. Thisisespecially
true if the diver thinks that the gauge is accurate.
Flying can affect Bourdentubedepth gaugesif they are
not kept at sealevel by being sealed in apressure proof
container. Fortunately notall depth gaugesareaffected
every flight! Themanufacturersof theBendeez oxygen
adaptor have produced a“ Jackpot” whichisaportable
compression chamber for testing depth gauges, andfor
thosewith some$400thereisan easy way toknow how
accurate one’ s depth gaugeiis.

6. Finally thereisthe problem of not diving the planned
dive. A friend of minedeveloped an elbow bend when
he surfaced rapidly from 24m (80 feet) when he saw
the anchor of hisboat go past. He caught hisboat and
came back to pick up his wife.

One man, who had neither watch nor depth gauge, drifted
an unknown distance below his companions on a dive
planned to go to 60m (200 feet). The three divers
decompressed as for a longer dive to 63m (210 feet)
however the wanderer developed DCS (an elbow bend)
soon after surfacing. His companions thought that the
correct treatment was to repeat his stops, so he got back

into the water. Shortly after reboarding the boat he
developed neurological symptoms. |t took 6 hoursto get
him to a chamber by which time he was quadriplegic. A
week later he was taken from the chamber with aresidual
paraplegiawhich has now improved so that heiswalking

again.

What can bedoneto reducetheincidenceof DCS? Onehas
to alter the behaviour of divers so that they dive more
safely. A very obvious statement but difficult to achieve.

The only time most divers are taught anything is during
their training course. Thisiswhen they areintroduced to
decompression tables and, judging by divers | have met
over the years, introduced is unfortunately the correct
word, as many divers do not know how to use the tables
correctly.

The ssimplest layout for any decompression table that |
have seenisthe RNPL/BSAC table (Figure 1). Thistable
has the depths in increments of 2m. Problems arise with
repetitive dives as, although there is an allowance for
outgassing nitrogen with time, the second dive's
decompressionrequirementsarebased onthedeepest (sic)
depthreachedinthetwodives. Itiseasy toforget thiswhen
calculating the no-stops time for the second dive.

In 1981 Dr Bruce Bassett delivered a paper entitled “ The
safety of the United StatesNavy decompressiontablesand
recommendationsfor sportsdivers’ at the SPUMSAnnual
Scientific Meeting at Madang.2 He pointed out that in
chamber dives the USN no-decompression table, when
divedtothelimit, gavea6%incidenceof DCS. Inpractice
the USN rate for DCS is less than 0.1%. What is the
explanation for this large difference? It is because the
USN diversnever divetheUSN tables. For decompression
dives they always add at least one depth and one time
increment and decompress for the time applicable to the
fictitious depth and time. For no-decompression dives
within 5 minutes of the limit for that depth they again add
one depth and one time! Asmost USN diving is surface
supplied the decisions are taken by the supervisor, who is
unaffected by nitrogen narcosis, and not by the diver.

In the December 1984 issue of Undersea Biomedical
Research, Dembert et a give the USN DCS figures for
1981. Thirty-five divers developed DCS out of 92,484
diveswhich is0.037%.% Almost all USN scubadiving on
air is shallow.

Obvioudly if the USN air tables are used as the USN
actually uses them they are as good as any other tablein
preventing DCS.

Would promoting the use of Dr Bruce Bassett’s Revised
“No-Decompression” LimitsDecompressiontablereduce
theincidence of decompression sickness(DCS)? | believe
thatitwould, especially usingthelayout that John Lippmann
and | have worked out (Figure 4)

Dr Bruce Bassett is a physiologist who served 20 yearsin
the US Air Force. Hislast assignment wasto construct a
Set of tables for flying at 10,000 feet immediately after
finishing a dive. Thiswas, | understand so that combat



RNPL/BSAC Air Diving Decompression Table

ASCENT RATE 15 metres per min
DESCENT RATE Max. 30 metres per min

No more than 8 hrs. in 24 hrs. spent under

Max No
Depth | Stop
metres] mins BOTTOM TIME
NO LIMIT
2 |e ;- - -
137 | 140 | 159 | 179 | 201
96 | 98 |106 |116 | 125 | 134
721 73| 81 | 88| 94| 99
AHHREE:
6 | 67
siops st Bm 0115
B|l Q| )% 5% | 58
2|37 | 5] | 51
26 271 R 37| 40| 43| 45
28| B2 ]3| | 0
0 (25| 0| 3B| ]| 37
32 B| 23| 27| 3| 32| 4
34 | 6| 21| 5| 28| 20| 31
K ] Wl 20| 23|22 27| 2
B | 12|18 21|24] 26| 27
© | M| 17| 20|22 24| 2
42 10116f 19| 21 2| 24
44 9| 15] 18] 2| 2
46 8| 14 17 18| 20
48 8| 131 16| 17
50 7 1_% 15 17 -
5 5 5
stops at &“ 5 10 15 :p &

swimmerscould bepicked up by helicopter andthenflown
away in normal aircraft.

He calculated, using the mathematics of the USN air
diving tables, a set of equivalent no-decompression dives
sothat the supersaturation level sand ratios allowed by the
USN no-decompressiontablewereachievedinthediver at
10,000 ft. If the USN tables were safe these shorter dives
followed by decompression to altitude, with the same
supersaturation ratios at atitude asthe USN tables had on
surfacing, should have been safe. They were not as they
had a DCS incidence of 6%, which was unacceptable.?

Dr M Spencer in Seattle had already tested the USN No-
decompression tablesin achamber and found that he had
about a 6% incidence of DCS.

Thesetwo setsof dry chamber dataand theknowledgethat
the USN divers always added depth and time before
calculating decompression led Dr Bassett to recalculate
hisdive scheduleusing lesser M values, that ishe reduced
the allowable supersaturation in the various half time

pressure (submerged).

DOUBLE DIVES (A, B)
Decompress for the
deepest depth
1st dive duration A mins
2nd dive duration B mins

B < 9 metres - No stop

Interval I Sottom Time
Both dives less
than 40 metres

Upto2hr.; A+ B
2-4 hr A+ B
27

&6 hr.

Duration

A+B
q
6 + hrs. B

Either dive more

than 40 metres
Upto2hr.; A+ B
2-4 hr.

DETAILS OF PREVIOUS DIVE
Depth

Time

2
48 hr. A+ B

4
8-16 hr. A+8B

16 + hrs.

tissues. Thetwo setsof supersaturation ratiosfor each half
time tissue appear in Table 1.

TABLE 1

LIMITING VALUES OF USN AND BASSETT

TABLES
HALF USNAVY BASSETT
TIME RATIO RATIO

5 3.15 2.88
10 2.67 2.52
20 2.18 2.03
40 1.76 1.63
80 158 141
120 151 133

When Dr Bassett tested his revised decompression
procedures in the chamber there were no bends.
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NO-DECOMPRESSION LIMITS AND REPETITIVE GROUP DESIGNATION TABLE
FOR NO-DECOMPRESSION AIR DIVES

No-decom-

pression Group Designation
Depth timits
{feet) (min) A ] c 0 E F G H ' | K L [} N 0
10 60 120 210 300
15 35 70 110 160 225 350
20 25 S0 75 100 135 180 240 325
25 20 35 55 75 100 125 160 195 245 315
30 15 30 45 60 75 95 120 145 170 205 250 310
as ato 5 15 25 40 S0 60 B0 100 120 140 160 180 220 270 310
40 200 5 15 25 30 40 50 70 80 100 110 130 150 170 200
50 100 10 75 25 30 40 S0 60 70 80 90 100
60 60 10 15 20 25 30 40 S50 S5 60
70 50 5 10 1% 20 30 35 40 45 50
80 40 5 10 15 20 25 30 35 40
[0 30 5 10 12 15 20 25 a0
100- 25 5 7 10 15 20 22 25
110 20 5 10 13 15 20
120 15 5 10 12 15
130 10 5 B 10
140 10 5 7 10
150 5 5
160 5 5
170 ‘s S
180 5 S5
190 5 S A 010
1200
RESIDUAL NITROGEN TIMETABLE FOR REPETITIVE AIR DIVES 8 e ,g:,g,
\Y c 010 140 250
_ \Q("o 139 249 1200
‘Dives following surface intervals of more than 12 hours are o -] 010 110 239 549
not repetitive dives. Use actuai bottom times in the Standard 900 109 238 548 1200
Air Decompression Tables to compute decompression for 9\)(\ E 010 0S5 158 323 6:33
such dives ‘\e 0%4 157 322 632 1200°
v F 010 046 130 229 358 706
.\‘\q 045 129 228 357 705 1200°
o 6 010 041 116 200 259 426 736
veQ 0an 115 153 258 425 735 1200
\‘\e M 010 037 107 142 224 321 450 BOO
PN 036 106 141 223 320 449 759 1200°
R\ ! 010 034 100 130 203 245 344 513 822
gt° 033 059 123 202 244 343 S12 821 1200
‘(\& J4 010 032 055 120 148 221 305 403 541 841
o> 037 054 119 147 220 304 402 540 B840 1200°

QOQ K 010 029 050 112 136 204 238 322 420 548 859

028 049 111 135 203 238 321t 419 548 858 1200°

L g10 027 046 105 126 150 220 254 337 436 603 913

026 045 104 125 143 219 253 336 435 602 812 12000

M 0 026 043 100 119 140 206 235 309 353 450 619 929

025 042 059 118 133 205 234 308 352 443 618 928 1200°

N 00 025 040 055 112 131 154 219 248 323 405 504 633 944

024 039 054 111 130 153 @218 247 322 404 503 632 943 1200

[} 010 024 037 052 108 125 144 205 230 300 334 418 517 645 955
023 036 03 107 124 143 204 229 259 333 417 516 644 854 12007

010 023 035 049 103 119 137 156 218 243 311 346 430 528 657 1006
022 034 048 102 118 136 155 217 242 310 345 429 527 656 1005 1200°

NEW ~p~ 4 0 N M L K J ! H G F (3 D [ ] 8 A
GROUP
DESIGNATION
REPETITIVE

DIVE

DEPTH
40 257 241 213 187 161 138 116 101 87 73 61 43 37 25 17 7
50 169 160 142 124 111 a9 a7 76 66 56 a7 38 29 21 13 B
60 122 117 107 97 88 73 70 B1 52 44 36 30 24 17 11 ]
70 100 96 87 B8O 72 64 57 50 43 37 31 26 20 15 <} 4
80 84 B0 73 68 61 54 48 43 38 32 28 23 18 13 8 4
[0 73 70 B4 58 63 a7 a3 38 33 29 24 20 16 11 7 3

100 64 62 57 S2 48 43 38 34 30 26 22 18 14 10 7 3

110 57 55 51 47 a2 38 34 31 27 24 20 16 13 10 6 3

120 52 50 a5 a3 39 35 32 28 25 21 18 15 12 S 6 3

130 46 a4 40 38 35 31 28 25 22 19 16 13 LR 8 6 3

140 42 40 38 35 32 239 26 23 20 18 15 12 1c ? 5 2

150 40 38 35 32 30 27 24 22 19 17 14 12 9 7 5 2

160 a 36 33 3 28 26 23 20 18 16 13 11 9 ] 4 2

170 35 34 N 29 26 24 22 139 17 15 13 10 8 6 4 2

180 32 31 29 27 25 22 20 18 16 14 12 10 8 6 4 2

190 3 30 28 26 24 21 19 17 15 13 1M 10 B 6 4 2

RESIDUAL NITROGEN TIMES (MINUTES)

7-18 U'S NAVY DIVING MANUAL



The Bruce Bassett “ Revised No-decompression limitsfor
the SportsDiver”, to givethetableitsfull name, are based
onthesereduced supersaturationratios. Theresultisano-
stops table which differs from both the USN, RN, and
RNPL/BSAC tables.

Themaindifferenceisthat theBassett Table, beingdesigned
for sports divers, does not go below 42m (or 140 ft) ashe
has evidence that deep dives are more dangerous. The
USN no-decompression table (Figure 2) allows dives to
57m (190 ft) while the RNPL/BSAC table (Figure 1)
allowsdivesto 50m (165 ft). Dr Bassett holdsthat sports
divers dive for fun and that fun does not include getting
bent! | agree with him.

The UK Health and Safety Executive limitsair diving in
the North Seaqilfieldsto 50m (165 ft) partly because of a
high accident rate at these depths in the early years, and
partly because of diver inefficiency meant that jobs were
badly done. If it is unsafe for professiona diversto go
below 50m on air it must be equally unsafe for sports
divers. As the professionals are usually using surface
supplied equipment, which meansan unlimited air supply,
the balance is tilted even further against the sports diver
who always uses scuba and may run out of air.

Another difference is that Dr Bruce Bassett puts a time
limit on divesto 9m (30 ft) which none of the other tables
do. Thelimit is hardly going to inconvenience a scuba
diver asit is 220 minutes. It should be an exceptionally
peaceful diver who could make a single cylinder last 3
hours 40 minutes!

By usinglower all owabl esuper-saturationratiosthebottom
times have to be shorter. Thisis especialy noticeable at
shallower depths. At 10m (35 ft) the USN limit is 310
minutes, the RNPL/BSAC limit is 232 minutes and Bruce
Bassett’sis 180 minutes. At 12m (40 ft) the USN allows
200 minutes, the RNPL/ BSAC table 137 minutes and
Bassett’s limit is 120 minutes. At 15m (50 ft) the USN
limit is 100 minutes while Bassett's is 70 minutes. The
RNPL/BSACtableisinmultiplesof 2m, sothenext deeper
depthis16mwhen 76 minutesareallowed. At 18m (60ft)
the USN limit is 60 minutes, the RNPL/BSAC oneis 57
minutes and Bassett’ s is 50 minutes.

For 21m (70 ft) the USN allows 50 minutes, the RNPL/
BSAC allows 38 minutes (at 22m), while Bassett allows
40. At 24m (80ft) the USN limitis40 minutes, theRNPL/
BSAC oneis 32 minutes and Bassett’ sis 30 minutes. At
27m (90 ft) the USN alows a 30 minute dive, the RNPL/
BSAC diveis23 minutes (at 28m), whilethe Bassett limit
is25minutes. At30m (100ft) theUSN limitis25minutes,
the RNPL/BSAC and the Bassett tables allow 20 minutes.
At 33m (110 ft) the USN allows 20 minutes, the RNPL/
BSACallows16 minutes(at 34m), whileBassett allows15
minutes. At 36m (120 ft) the USN limit is 15 minutes, the
RNPL/BSAC has 14 minutes and the Bassett tables allow
12 minutes. At 39m (130 ft) both the USN and Bassett
tablesallow a10 minutedivewhiletheRNPL/BSAC limit
is 11 minutes (at 40m). At 42m (140 ft) the USN and
RNPL/BSAC table alow 10 minutes while Bassett has 5
minutes.

11
TABLE 2

“NO-DECOMPRESSION” LIMITS

DEPTH TIME IN MINUTES
FEET METRES USN BSAC BASSETT
30 9 220
35 10.5 310 232 180
40 12 200 137 120
50 15 100 72 70
60 18 60 57 50
70 21 50 38 40
80 24 40 32 30
90 27 30 23 25
100 30 25 20 20
110 33 20 16 15
120 36 15 14 12
130 39 10 11 10
140 42 10 10 5

The depths in the BS-AC table are in increments of 2m.
For odd numbered depthsin metresthestandard procedure,
of using the next greater depth, has been followed for the
BS-ACtable.

To summarize, the Bassett tables call for shorter bottom
times than the USN No-decompression tables allow. As
the USN table, taken to itslimits has a 6-8% DCSrate, in
the chamber, areduction in bottom time seemsreasonable
as chamber dives are known to have alower rate of DCS
than in water dives. The reduction is5 minutes at depths
of 27m (90 feet) and below. From 18 to 24m (60 to 80 ft)
the reduction is 10 minutes. Above 18m (60 ft) the
reductions from USN limits are considerable but leave
plenty of diving time, 70 minutes at 15m (50 ft), 120
minutesat 12m (40 ft), 180 minutesat 10m (35 ft) and 220
minutes at 9m (30 ft).

Dr Bassett’s revised no-decompression limits are made
safer still by adding a 3 to 5 minute safety stop at 3 to 5m
(10to 16 ft) for al dives below 9m (30 ft). He uses both
belt (shorter bottom times) and braces (suspendersin his
words), because developing DCS is not fun and sports
diversdivefor fun.

Theintroduction of asafer set of no-decompression limits
is excellent, but would sports divers use them?
Unfortunately very few sportsdiversarewilling to accept
only onediveaday. They want at least two, and most are
unwilling to limit themselves to a second dive at 9m (30
feet) or less, or three or more. Personally I limit myself to
2 divesaday. The RNPL/BSAC tables (Figure 1) have
failed to catch on in Victoria inspite of being taught in
many of thediving schools. | think that one of the reasons
is the fact that the second dive has to be less than 9m or
decompression has to be calculated for the deeper of the
two depths, and thereisno provision for athird dive. The
USN tables(Figure2) do allow for second and third dives.
By using repetitive groups and the surface interval table
onecancalculatethe* residual nitrogen” whichisexpressed
as minutes aready “dived” on the next dive. Simple
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“NO CALCULATION DIVE TABLES" Simplified Linear System for Repetitive Scuba Dives SIMPLIFIED REPETITIVE DIVE TABLE
Depth 1-13 (1-8)
II':'M 10 15 20 25 30 35 40 S0 60 70 S0 50100110120 130 140 150 160170186 190 TABLE 1-12 (1-7) SURFACE INTERVAL CREDIT TABLE U
i : P P S W A P i Sy
h12:0012:00112:00112:00012:0012:0012:0012: o0l 2:00112:00124
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TABLE 1-11 (1) No Decompression Limits and Repetitive < Copyright 1971, §. Harold Reuter, M.D., Houslon, Texas - z N : BLACK NUMBERS are"'Residuat Nitrogen Times"-time in
ignati ecompression Air Dives At Rights Reserved e E 7 minutes that 2 divar is to consider that he has siready
Greup Designation Table for No Decomp Any sale of reproduction of this without the expressed written M ODEL SNT WS spent on the bottom when he starts a Repetitive Dive.
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Nerthteeld. HL. 60093 U.S.A. § for No Decompression Dives. Printed in U.S.A,

(No Decompression Dives)

For each repetitive group the upper line is USN Residual Nitrogen Time, the lower line is the time available for “ no
decompression” diving using Dr Bruce Bassett’s revised “ no decompression limits” .

Depths (m) 9 12 15 18 21 24 27 30 33 36 39 42

(feet) 30 40 50 60 70 8 90 100 110 120 130 140

A 7 6 5 4 4 3 3 3 3 3 2

213 113 64 45 36 26 22 17 12 9 7 3

B 17 13 11 9 8 7 7 6 6 6 5

203 103 57 39 31 22 18 13 9 6 4 -

C 25 21 17 15 13 11 10 10 9 8 7
195 95 49 33 25 17 14 10 5 3 2

D 37 29 24 20 18 16 14 13 12 11 10

183 8 4 26 20 12 9 6 2 - - -

E 49 38 30 26 23 20 18 16 15 13 12

71 71 32 20 14 7 5 2 - - - -

F 61 47 36 31 28 24 2 20 18 16 15

159 59 23 14 9 2 1 - - - - -

G 73 56 4 37 32 29 26 24 21 19 18

147 47 14 6 3 - - - - - - -

H 87 66 52 43 38 33 30 27 25 2 20

133 33 4 - - - - - - - - -

| 101 76 61 50 43 38 34 31 28 25 23

119 19 - - - - - - - - - -

J 116 8 70 57 48 43 38 34 32 28 26

104 4 - - - - - - - - - -

K 138 99 79 64 54 47 43 38 3 31 29

82 - - - - - - - - - - -



subtraction from theno-decompression limit of thesecond
dive depth gives the time available for a second no-
decompressiondive. Andtheprocesscanberepeatedtime
and time again. Very convenient and used by most
Australian sportsdivers. Unfortunately the USN seldom
uses its repetitive dive table, so there are no statistics of
how safe they are in USN hands diving the USN way
(adding at least one depth and onetime). However there
aredrawbacksto thissystem. DCSisseen moreoften after
repetitive dives than after single dives. Also there is
always the possibility of an error when subtracting the
residual nitrogen timefrom the* no-decompression” time.
Errors of ten minutes are very easy to make.

Thesubtractionerror isavoidedinsuchlayoutsof theUSN
tables as the “Nu-way” and the “No calculation dive
tables’ (Figure 3) where both the residual nitrogen time
and the time available for the second dive are given. The
only problem thenisto choosetheright numbers. Isit the
black onwhitenumbersthat givetheresidual nitrogentime
or isit thewhite on black numbers? Theanswer isprinted
on the card but in very small print.

Another possible error is forgetting to add the residual
nitrogen timeto the bottom time of thesecond dive. Inthis
casethe wrong repetitive group will be taken at the end of
the second dive.

How can Dr Bassett’ stable be used for repetitive dives? It
is quite simple. The Bassett tables use the same
mathematical formulaeasthe USN tableswith different M
values (super-saturation ratios). So the USN residua
nitrogen calculations apply with all their imperfections.
The residua nitrogen table is based on the 120 minute
tissue. InMadang Dr Bassett said that hewanted torevise
therepetitivedivetables. However asfar as| know hehas
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not done so yet. As the Bassett tables produce a lower
surfacing super-saturation the residual nitrogen after any
given time will be less than that calculated by the USN
tables so introducing an extra safety factor.

We can use the USN repetitive dive table to calculate the
repetitive group when the Bassett tables are used, but
instead of bottom time, which isthetimefrom leaving the
surface to starting the ascent, the total time underwater is
used to enter the table. After the surface interval the
residual nitrogen table is entered. The next dive can be
calculated by subtracting the residual nitrogen time from
theBasset limit. Table 3 showsthe USN residual nitrogen
timesandthetimesavail ablefor Bassett no-decompression
dives.

Inorder to encouragediversto usethe Bassett Revised No-
Decompression limits, John Lippman and | have laid out
these tables in an easy to follow format (Figure 4). One
enters the table by reading the instructions (Table 4). As
thesetablesarederived from USN mathematicsthe ascent
rate must be no faster than 60 feet (18m) aminute. | have
chosen 10m (33 feet) a minute as we know that sports
diverstrying to come up at 60 feet a minute usually come
up much faster, some even as fast as 120 feet a minute.

ThetoptableinFigure4isfor cal culating repetitivegroups
at theend of adive. Timesinsidethe Bassett limitsarein
ordinary type. Thetimesinitalicsareprovidedtofind the
repetitive group using the total time underwater. If the
diver followsDr Bassett’ srecommendationsto do asafety
stop of 3to 5 minutes on al dives below 30 feet (9m) his
total timeunderwater will often bemorethan five minutes
longer than the Bassett no-decompression limit. Sol have
included timesinitalicsthat are at least 10 minuteslonger
than Dr Bassett’s limits. Not all of the italic times are

TABLE4

DR BRUCE BASSETT'SREVISED BOTTOM TIMES “NO DECOMPRESSION” DIVE TABLE

READ THISBEFORE USING THE TABLES

Basic facts about the use of these USN derived decompression tables

1. Bottom time starts on leaving the surface and stops on starting the ascent.

2. Usethe deepest depth of the dive as the depth of the dive for calculation.

3. If the deepest depth of the dive is between two depths in the table use the greater depth for calculations.

4. If thetimeis between two timesin the table use the longer time for calculations.

5. After adive calculate the repetitive group.

6. After the surfaceinterval calculate the new repetitive group.

7. Using the planned depth of the next dive enter the repetitive dive tableto find the no-decompression dive time avail able

for that repetitive group and depth.

ASCENT RATE 10M A MINUTE

ON ALL DIVES DEEPER THAN 9M (30ft) DO A 3-5 MINUTE SAFETY STOP AT 3-5M.

USE THETOTAL TIMEUNDERWATER (BOTTOM TIME + ASCENT TIME + SAFETY STOPTIME) TO FIND

THE REPETITIVE GROUP at the end of the dive.
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FIGURE 4

DR _BRUCE BASSETT'S REVISED BOTTOM TIMES “NO DECOMPRESSION” DIVE TABLE

ON ALL DIVES DEEPER THAN 9M (30ft) DO A 3-5 MINUTE SAFETY STOP AT 3-5 M.

USE THE TOTAL TIME UNDERWATER (BOTTOM TIME + ASCENT TIME + SAFETY STOP TIME)
TO FIND THE REPETITIVE GROUP at the end of the dive.

The times in <talics in the table are OUTSIDE the Bassett limits but are
inciuded for ease of calculating the repetitive group using the
TOTAL TIME UNDERWATER

Death 2&&;? %ﬁﬁiﬁ;} Time Underwater
9 30 220 15 30 45 60 75 95 120 145 170 205 250 310
10 35 180 5 15 25 40 50 60 80 100 120 140 160 ‘190
12 40 120 5 15 25 30 40 50 70 80 100 110 130 150
15 50 70 10 15 25 30 40 50 60 70 s8¢ 90 100
18 60 50 10 15 20 25 30 40 50 55 60
21 70 40 5 10 15 20 30 35 40 45 50
24 80 30 5 10 15 20 25 30 35 40
27 90 25 5 10 12 15 20 25 30 40
30 100 20 5 7 10 15 20 22 25 30
33 110 15 5 10 13 15 20 25
36 120 12 5 10 12 15 20 25
39 130 10 5 8 10 15 20
4?2 140 5 5 7 10 15
Repetitive group at
Repelitive grou A°B CDE F 6 H I J K L
0:10 ABBREVIATED U.S.N. SURFACE INTERVAL TABLE
12:00*’A Enter the table from the top using the appropriate
11 0: repetitive group. Move across to the left until
12:00 2:10*B the appropriate interval is found then move
2:50 1:40 0:10*-C down the column and out of the table into
12:00 2:49 1:39 the REPETITIVE DIVE TABLE
5:49 2:39 71:710 0:10
12:00 5:48 2:38 1:09*+D
6:33 3:23 1:58 0:55 0:10
12:00 6:32 3:22 1:57 0:54*E
7:06 3:58 2:29 1:30 0:46 0:10
12:00 7:05 3:57 2:28 1:29 0:45F
7:36 4:26 2:59 2:00 1:16 0:41 0:10
12:00 7:35 4:25 2:58 1:59 1:15 0:40*6
8:00 4:50 3:21 2:24 1:42 1:07 0:37 0:10
12:00 7:59 4:49 3:20 2:23 1:41 1:06 O:36*'H
8:22 5:13 3:44 2:45 2:03 1:30 1:00 0:34 0:10
12:00 8:21 5:12 3:43 2:44 2:02 1:29 0:59 0:33*‘I
8:41 5:41 4:03 3:05 2:21 1:48 1:20 0:55 0:32 0:10
12:00 8:40 5:40 4:02 3:04 2:20 1:47 1:19 0:54 0:3'|*'J
8:59 5:49 4:20 3:22 2:39 2:04 1:36 1:12 0:50 0:29 0:10
12:00 8:58 5:48 4:19 3:21 2:38 2:03 1:35 1:11 0:49 0:28"K
9:13 6:03 4:36 3:37 2:58 2:20 1:50 1:26 1:05 0:46 0:27 0:10
12:00 9:12 6:02 4:35 3:36 2:53 2:19 1:49 1:25 1:04 0:45 0:264-L
A B C D E F G H I J K L
Death gfpﬁ? MAXIMUM TIME AVAILABLE FOR A REPETITIVE DIVE
ee
9 30 212 203 195 183 171 159 147 133 119 104 82
12 40 113 103 95 83 71 59 47 33 19 4
15 50 64 57 49 4 32 23 14 4 - - -
18 60 45 39 33 26 20 14 6 - - - -
21 70 36 31 25 20 14 9 3 - - - -
24 80 26 22 17 12 7 2 - - - - -
27 90 22 18 14 9 5 1 - - - - -
30 100 17 13 10 6 2 - - - - - -
33 110 12 9 5 2 - - - - - - -
36 120 9 6 3 - - - - - - - -
39 130 7 4 2 - - - - - - - -
42 140 K

For gach repetitive group the number shown is the MAXIMUM time available for
a repetitive "no/decompression" dive using Dr Bruce Bassett's revised "

sion" limits.

no decompres-



within the USN no-decompression limits, so the table is
not the USN no-decompression table. It isatabletofind
the repetitive group applicable using the total time
underwater as the entry point.

Having found the repetitive group the diver enters the
surface interval table by running his (or her) finger down
to the appropriate vertical line and then over to the left to
findthesurfaceinterval. Thenew repetitivegroupisfound
at the bottom of that column.

The bottom table showsthe maximumtime availablefor a
no-decompression dive for the various repetitive groups
and depths. By showing only the time available the
problems of subtraction and wrong answers are avoided.

Should onewant to do athird dive, memory and arithmetic
arerequired. Thesecond divehasbeentotheBassett limits
if the total time available has been used so that total time
underwater will bethe Bassett limit time(set out besidethe
depths in the top table) plus ascent and safety stop times
NOT the ACTUAL total time underwater of the second
dive.

Tocalculatetherepetitive group after arepetitivediveone
must

1. Subtract the actual bottom time (ABT) from the
maximum time available (MTA) in Table 3to get an
answer in minutesMTA - ABT = X minutes.

2. SubtractthistimefromtheBassett limits(BL) in Table
1. BL - X minutesisthe equivalent bottom time of the
repetitive dive.

3. To this add the ascent time (AT) and the safety stop
time (SST). BL - X minutes + AT + SST is the
equivalent total timeunderwater of therepetitivedive.
Use this time to enter Table 1 to find the repetitive
group at the end of the repetitive dive.

Thisprocedure can berepeated after every repetitivedive.
Remember arepetitive dive is defined by these tables as
one within 12 hours of finishing the previous dive.

Thereisaneed for adecompressiontablethat can bedived
asit iswritten. Dr Bruce Bassett’s can. So problem 2,
diving exactly the dive in the tables could be solved by
promoting the Bassett tables.

The safety factors of the Bassett tables are shorter bottom
times and lower surfacing supersaturation ratios, which
reduce the nitrogen load; the ascent rate of 10m aminute
reduces the chances of bubble formation while a safety
stop at 3to 5m has been shown to markedly reduce bubble
formation ondeep dives; using thetotal timeunderwater to
calculate the repetitive group ensures that the diver has a
lower tissuenitrogen tension than thetablesassume; when
calculating arepetitive dive the residua nitrogen timeis
assumed to bethesameasthat inthe USN residual nitrogen
table, but the diver’s nitrogen load will be less.

TheBassett tablesmeet the sportsdiver’ srequirementsfor
repetitivedives. They are easier to use than remembering
toadd adepth and timeto every diveusing the USN tables.
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| think that the Bassett tablesarethe answer to thesensible
sports diver’'s prayer.

TABLES

BASSETT'S SAFETY FACTORS

SHORTER “NO-DECOMPRESSION” TIMES

The surfacing super-saturation ratios are less
than those of the USN tables.

A SAFETY STOPAT 3TO5M FOR3TO5
MINUTES
ONALL DIVESBELOW 9M REDUCES BUBBLE
FORMATION

TOTAL TIME UNDERWATER ISUSED FOR
CALCULATING
REPETITIVE GROUPS.

REPETITIVE DIVE STARTSWITH LESS
RESIDUAL NITROGEN THAN THE TABLE
ASSUMES.

AllwaysTravel and | presented all those who attended the
SPUMS 1985 AGM with two copies (one large and one
small) laminated in plastic to make them waterproof and a
water soluble marker pen to write on the plastic to help
work out repetitive dives. They were used by some for
their divingintheMaldives. Thesmaller onewasasizeto
fitin any BC pocket. Figure 2 was only the first edition.
The second edition will soonbeavailablein dive shops. It
will be printed on flexible plastic, which can bewritten on
with a2B pencil. On the back will be theinstructionsfor
calculating the repetitive group after the second and later
dives with a space for the calculations, and a modified
USN air decompression table for those who accidentally
exceed their no-stop limit.
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TWO CASES OF NEAR FATAL BOX JELLYFISH
STINGS SUSTAINED IN LITTORAL WATERS OF
THE SULTANATE OF OMAN

Nick Cooper

The Sultanate of Oman lies amost entirely within the
geographical latitudes17° Northto26° North. TheNorthern
Batinah coast of Oman, where these two cases occurred,
abutsthe Gulf of Oman, and surfaceseawater temperatures
of 40° and above have been recorded during the months of
August and September at bathing beaches along this
coastline.

Themajority of the popul ace of the Sultanate of Omanlive
on the Batinah coast and its immediate environs. So the
beaches on this coast sustain heavy use by bathers
particularly during the hot weather months of June to
October each year.

Several anecdotal accounts of jellyfish stings with severe
systemic complications have been related to me by both
Omanisand expatriates. The Omani fishermen who work
this area of the sea refer to the very unpleasant effects
suffered by persons coming into contact with particular
types of jellyfish which are caught in their fishing nets.
‘Dijna @ and‘Halwael bahr’ aretwo of the several Omani
names which are applied to the local species.

The Gulf of Oman and adjoining Arabian Seaform part of
the Indo-Pacific Ocean system, and are in direct contact
with thetropical and subtropical waters of the system. No
barrier of temperate seawater separates these parts, and
freemigration of larval formsof poisonoustropical jellyfish
to Omani waters can therefore occur, with maturation to
adulthood taking place under suitable climatic conditions.

This paper describesthe clinical courses of two victims of
jellyfish envenomation, and seeks to show the probable
culprit as a species of Cubomedusan Box Jellyfish.

Case One

A thirty-fiveyear old European expatriate empl oyeeof the
Ministry of Defenceof the Sultanate of Omanwasstung by
ajellyfishwhilst bathingat Seebbeachin August 1981. He
later described the offending specimen as resembling a
plastic bag in appearance.

The patient sought immediate medical attention at the
Force Base Hospital Casualty Department nearby because
of the excruciating pain which he was experiencing. He
arrived at hospital within minutes of being stung.

On examination in the Casualty department he was noted
tobefully consciousand orientated. Red urticarial wheals
were noted on the patient’ sright infra-axillary, mammary
and scapular regions where he had been stung.

The patient’ s blood pressure was recorded as 120/75 mm
Hgand pulse86/minonarrival, and IM Chlorpheniramine
10 mg and IM Pethidine 50 mg were given.

Shortly afterwards the patient complained of difficulty in

breathing, and examination of thechest reveal ed generalised
rhonchi. 1V Aminophylline250mgand |V Decadron2mg
were given but did not relieve his symptoms. The patient
continued to sweat and experience difficulty in breathing.
He aso exhibited palor and coldness of extremities.
Anaphylactic shock was diagnosed.

Hissymptomscontinuedtoworseninspiteof anintravenous
infusion of Mannitol 20% and oxygen given by mask. His
blood pressure rose to 230/120 mm Hg and cardiac
monitoring was commenced. |V Adrenainwasgivenin
1 mg boluseswithlittleeffect on the bronchospasm, atotal
of 3 mg being given within the space of 15 minutes.

Some 2 1/2 hours after he reached the hospital he had had
atotal of

IV Adrenalin 5.5 mg IM Chlorpheniramine 10 mg
IV Dexamethasone 10 mg 1V Mannitol 20% 400 ml
IM Pethidine 150 mg IV Crystaloid fluids 4 litres.

His blood pressure was 170/80 mm Hg and his pulse rate
variable.

Seven hoursafter admission, the patient’ s pulsewasnoted
to vary from 40/min to 80/min, and cardiac monitoring
showed episodic nodal rhythm with occasional 2:1
atrioventricular block. Atropine 0.3 mg IV gave arapid
tachycardia for 30 seconds which then settled after
admission, when a bradycardia of 40/min was noted,
together with ablood pressure of 140/ 100 mmHg. By the
following day, the patient’s blood pressure was 150/90
mm Hg and hiscardiac rhythmwasregular. Onthefourth
day after admission, the was fit for discharge, but has
sustained permanent scarring in the regions of his chest
and back where he had been stung.

Case Two

Thetwel veyear old son of aEuropean expatriateempl oyee
of the Diwan of Royal Court Affairs of the Sultanate of
Oman dived off a surfboard into the sea at the Sultan’s
Armed Forces Aqua Club at Ras al Hamra in early
September 1984. He recalls seeing a mass of reddish-
brown strands which he thought were seaweed just before
diving, and immediately came into contact with them.

He screamed with pain on surfacing and was quickly
rescued from the water. Red urticarial whealswere noted
to cover extensive areas of the abdomen, trunk and arms
and hisrespirationswerewheezy. Cold creamwasrubbed
into the affected areas by awell meaning rescuer and IM
Chlorpheniramine 10 mgadministered by anursewhowas
fortuitously present.

The patient was transferred to a nearby civilian hospital
and required cardiac massage and expired air resuscitation
duringthejourney. Anaphylactic shock wasdiagnosed on
arrival at hospital and treated with hydrocortisone and
antihistamines. He began passing urine of ‘Pepsi Cola
appearance which was positive on testing for blood. His
blood pressureremained elevated at 140/90 mm Hg for 24
hoursduring which period therewasno evidenceof central
overload or cardiac failure.



After the passageof dark urinehebecameoliguricandwas
referredtotheNephrology Service. Necrosiswasnoted on
the affected areas of the patient’s skin.

Hewastreatedwith1V fluids, frusemideand hydrocortisone
but the oliguric renal failure persisted. Peritoneal dialysis
wascommenced andwasreguiredfor threeweeks. Oliguric
renal failure secondary to myoglobinuriawas diagnosed.
On the fifth day after being stung he developed severe
pulmonary oedema secondary to hyperkalemic cardiac
failure. Emergency haemodiaysis with forced ultra-
filtration via a femoral vein catheter gave a dramatic
response with clearing of the pulmonary oedema and
improvement in the patient’ s cardiac status.

Hislaboratory investigations at the time of referral to the
Nephrology Service were:

Hb 16.8 g/dI

WCC 21,000/c mm with PMN 81%
Normal platelet count
Prothrombin time normal
Albumin 49 g/1
Phosphate 2.93 mmol/1
CPK 1328 u/1

Urea 30 mmol/1
Creatinine 490 mcmol/1
Na 132

K 4.7 mmol/1

Calcium 2.31 mmol/1
Urates 584 mmol/1

LDH 1749 u/1

Whether the muscle breakdown with consequent
myoglobinuriawas atoxic effect of the jellyfish sting, or
el sewas caused by severe muscle spasms secondary tothe
pain of the stings is not clear. The patient continued to
recover well and two months after being stung his renal
function was virtually normal. Extensive scarring at the
sites of the stings remains however.

Discussion

Thenear fatal immediateclinical effectsof jellyfish stings
in these two cases together with the permanent cosmetic
disfigurement sustained as a result of necrosis of the
envenomated skin raises the question asto whether or not
Commonwealth Serum Laboratories Sea Wasp antitoxin
would be helpful in the management of future cases. The
oscillationsin blood pressure of thefirst caseand oliguric
renal failurein the second caseindicate that toxinsfrom a
Cubomedusan species of jellyfish were acting in both
Cases.

A Cubomedusan jellyfish specimen taken from littoral
waters near the site of the second case has been tentatively
identified asCarybdeaal ata by the Department of Zoology
at theUniversity of Queensland. Thereportsof thevictims
on the appearance of their jellyfish contacts support this
type of coelenterate as being the most likely culprit, and it
may be that the Omani variety is more poisonous than its
Australian counterpart. No reportsof Chironex speciesin
Omani waters exist but investigation of this possibility
continues.
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The views of the expert speakers at the SPUMS Annual
Scientific meeting are particularly sought on the question
of the usefulness or otherwise of Commonwealth Serum
Laboratories Sea Wasp antitoxin in the management of
such casesin Oman.
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A TENTATIVE GUIDE TO MANAGEMENT OF
MARINE STINGS

SK Sutherland
Pain relief (often required for fish stings).

Bathe in warm, not scalding, water. Use outboard
engine cooling water if necessary.

Local anaesthetics. A regional nerve block may even
be necessary (eg. bupivacaine).

Opiates
Emetine (rarely available)

Antivenom for severe stonefish stings

Local tissue damage.

Takepositiveactionandremoveforeignbodiesor dead
tissue. Ensure good drainage. X-ray if indicated.

Washwell withfreshwater asseawater may encourage
bacterial growth.

Thewound ispotentially infected so remember marine
bacteriarepresent awiderangeof organisms, many
of which are not fully characterized. Many are
resistant to common antibiotics. Expert opinionis
that trimethoprim sulphamethazole (Respin,
Bactrim, Septrim) is the best first choice.

Tetanus prophylaxisif indicated. Death from tetanus
has occurred especially after stingray injuries.

NB. It may be necessary to rest theinjured region for
days for satisfactory healing to occur.
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General effects:

Shock, note pain relief above.
Effects of venom, give antivenom if indicated.

Maintain vital functions (ABC is Airway, Breathing
and Circulation).

With the exception of Blue-ringed octopus bites, conus
stings and sea snake hites, the pressure/immobilization
technique should not be used to attempt to hold the toxins
at the site of the bite or sting. To do so may increase pain
and local tissue damage.

JELLYFISH STINGS
Prompt application of domestic vinegar to the affected

areasappearsto bethe simplest and most rational first aid.
Methylated spirits should not be used.

BOOK REVIEWS

THE DIVING EMERGENCY HANDBOOK

John Lippmann and Stan Bugg
1985 Melbourne. JL Publications.

Thesubtitle* A guideto theidentification and first aid for
scuba (air) diving injuries’ is a clear description of the
book’s purpose. No medical knowledge is needed to be
ableto usethe book. The Section A of the book isalist of
signsand symptomswith their possible causes. Section B
isalist of diving aillments (the causes of Section A) their
causes, signs and symptoms and first aid. Occasionally
thereisafourth heading “Doctor” where simple accurate
advice to anon-diving medical practitioner is given. All
the descriptions are accurate and the first aid appropriate
and simply set out. If thebook stopped hereit would bean
excellent buy.

But there is more. Section C gives information on such
things as the pressure immobilization technique for snake
bite, what to do about omitted decompression, emergency
recompression using oxygen in the water, decompression
tables, divingat atitude, flying after diving, oxygentherapy,
adiver'sfirstaidkit, EAR and CPR, flow chartsfor coping
with an unconscious patient, and for first aid for adiving
accident, and apage for emergency telephone numbers of
the police, ambulance service, recompression chambers,
diving doctors, hospitals and a place for the name of the
organisation to which a diving accident report should be
sent.

The authors, who are both experienced diving instructors,
haveincluded Dr Bruce Bassett’ sno-decompressiontables
and recommended their use. SPUMS members who
attended the ASM at Bandos Island in the Maldives were
introduced to these tables and were given waterproof
copiesto use. They are based on the mathematics of the
USN tablesbut withlower supersaturationratios. They are
aset of no-decompression bottomtimelimits. For all dives

below 9m (30ft) asafety stop of 3to 5 minutesisdone at
adepth of 3to 5m. Thistotal time underwater is used to
enter the USN no-decompression repetitivegrouptablesat
theend of thedive. The USN surfaceinterval tableisused
to calculate the new repetitive group after the surface
interval.

Theresidua nitrogen time for the new repetitive group is
subtracted from the Bassett bottom timeto givethe bottom
time available for the second dive.

The safety factorsin favour of the Bassett tables over the
USN tables are;

1. The shorter bottom times.

2. The safety stop, which alows any bubbles that have
formed a chance to be got rid of .

3. Byusingthetotal timeunderwater tofind therepetitive
dive group, one assumes a higher tissue nitrogen
tension than actually exists.

4. Therepetitive dive is started with a smaller nitrogen
|oad than the USN repetitive dive table assumes.

| whole heartedly concur with their advice to use the
Bassett tables as safer than other available tables.

| strongly recommend all divers, including doctors who
dive, to buy thisexcellent book. Itiswaterproof, socanbe
takenonall diving expeditions. A 2B pencil writesclearly
on the waterproof pages. For permanence use a spirit
based marker for the emergency telephone numbers etc.

John Knight
Melbourne

OCTOPUS DANGER

There was an encounter recently in the waters off Cyprus
between a scuba diver and an octopus. There were two
diversmakingasearch of agulley possibly 15 metresdeep,
keen to find and film an octopus. One was seen making a
break from its resting place to obtain cover and relative
safety in the nearby rocks. It expelled ink and jetted
towardsasanctuary but one of thediversmanagedto grasp
theend of onetentacleandto pull theoctopustowardshim,
but lost hisgrip and wastherefore surprised tofind that the
octopus was too ill-read to know that it was supposed to
flee from him when given the chance. It draped itself
around the diver’ s body, changed its colour to afiery red,
and squirted more ink. It isreported that the octopus had
one tentacle to below his fins and another well above his
head, a distance of over 6 feet. At this stage the gallant
diver decided that the octopus wasin aposition to make a
real impressiononhimanditwastimetoendtheencounter,
so used hisfull strengthto reach the shallows. By thetime
they reached 4 metres both the players were becoming
exhausted andtheoctopuslet thediver gofree. Newspaper
reports called the octopus the attacker.

Reprinted by kind permission of the Editor from DIVER,
May 1985.



RAN MEDICAL OFFICERS TRAINING IN
UNDERWATER MEDICINE

Tim Anderson
THE PRESENT SITUATION

Underwater Medicine, like many other branches of
medicine, places usin therealm of the ever-changing and
ever-developing. The increasing complexity of the
associated therapeutic kit mirrors the corresponding
advances in the world of International Diving, as man
strives to go deeper for longer and not just once, but
repeatedly, and to live there for days and weeks at atime,
ensconced in a hyperbaric goldfish bowl from which
individual foraysinto the murky subaquatic unknown are
made.

Against this however, is contrasted the comparative lack
of sophistication of Roya Australian Navy Diving in
comparison to that of other navies and the commercial
diving industry at large. 1 do not imply that Navy diving
is bad, it is quite excellent and has an excellent safety
record, but in terms of sophistication, asto what it can do
and what it has done, it is literally a babe in arms. It is
however, afairly rough babe, and is rapidly growing up.

Underwater MedicineintheRAN wasoriginally introduced
to provide medical support for Navy Diving. ABR 1991
lists the following as existing underwater medicine
activities:

1. Care for diving personnel including therapeutic
treatment for Serviceandciviliandiversand submarine
escapees.

2. Diving related research.

3. Training/education in underwater medicine.
4. Submarine suitability testing.

5. Investigation of suspect diving equipment.

The commitment to civilian diving has recently received
greater emphasis by the formal tasking of the Navy to
provide emergency care and advice. The situation has
virtually always been like this but was formalised some
four years ago by the then Minister of Defence, was re-
affirmedinthemiddleof |ast year by theMinister Assisting
the Minister of Defence, and at the end of last year was
ratified by the Chief of Naval Staff in aletter to the Naval
Support Commander. Infact, most of thetherapy conducted
at the School of Underwater Medicine(SUM)isoncivilians.
Most of these are sports divers, with a sprinkling of
commercia abalone divers, and very rarely have we the
reguirement to treat Service divers. Our running scoreis
around 80 cases per year, which althoughlessintotal than
that seen by the United States Navy, till represents the
greatest number of diving casesin theworld dealt with by
onesmall unit of thissizeand capacity. In Hawaii they deal
with a comparable number of diving cases, but these are
shared amongst some fifteen doctors and we have only
three.
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Naval Doctors trained a8 SUM have been intimately
involved in the treatment of diving casualties throughout
the whole of the Australian continent and beyond. Along
thelengths of the East and West coasts, from Mt Gambier
inthe SouthtotheKatherine Gorge, deepintheheart of the
Northern Territory, and from the waters beyond the Great
Barrier Reef to the Islands of New Guinea.

In a consultative capacity the School of Underwater
Medicine has been called upon to advise:

All State Health Departments, many other Statebodies,
eg. Police, Paramedics, Emergency Services.

Hospitals, Civilian Doctors, other Armed Services.

The National Safety Council of Australia.

The Australian Underwater Federation.

The Australian Institute of Marine Science.

Commercial Divers.

Individual sports divers, Diving Clubs and Instructor
bodies.

THE FUTURE

Our patient numbers are increasing and diving casualties
are presenting with worse disease, as diving continues to
become even more popular and is pursued to even greater
adventure.

We have aready been tasked to support the imminent
Deep Diving Phase of the RAN, to verify and amend
existing decompression schedules and to develop new
ones to meet this requirement, and this has already been
started.

Wewill beinvolvedwiththeAustralian SubmarineEscape
Training Facility (SETF) at HMAS STIRLING. We are
already requiredto support existing submarineescape, and
with the new generation submarines for the Australian
Fleet with adive capability of several days, wewill almost
certainly be involved in their environmental monitoring
and control.

Inorder to satisfy theserequirements, we need expertsand
speciaists. | would urge with the greatest powers of my
persuasion that Underwater Medicine is not aminor sub-
specialisationwhich onecan casually driftinand out of . It
is without doubt a major entity in its own right requiring
much training, a very significant depth of understanding
and literally years of dedication.

THE UNDERWATER PHY SICIAN

TheUnderwater Physicianmust havequalitiesandtraining
to assist him in his activities.

Diving

Asadiver, thedoctor hasafar better understanding of the
problems facing another diver. He will well understand
the piercing, throbbing of sinuspain over theforehead, the
problems associated with clearing the ears, the amost
incomprehensibleweight of hisdiving set ashe climbsout
of the water onto a heaving boat, the uncomfortable
constrictionsof adiving suit, andthemurk, thecoldandthe
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lonely isolation of the man beneath the sea. He will
understand the difficulties of buoyancy, both on the way
upandontheway down, of disorientation, communication,
and of the strange curiosities of vision caused by light
refraction.

Physiology

The whole of diving medicine is based on a sound
knowledge of physiology and more than that,
physiopathology. The knowledge of what happensto the
body after varying conditionsdetermined by thehyperbaric
environment, when they arelikely to happen, how they are
likely to present, and what the prognosisislikely tobe. In
respiratory physiology particularly, his training and
understanding will be verging on that of the biophysicist
and the anaesthetist.

Physics

He must have total familiarity with the concept of gases,
bubblesandliquids, their actionsandinteractionstogether,
asdescribed by thelawsof Boyle, Charles, Dalton, Henry,
Hagan, Poisieulle, laPlace, to namebut afew, and how all
this effects the diver.

Electrodiagnostics

Hewill need aworking knowledge of cardiac monitoring,
cortical evoked responses, the electroencephal ogram, and
electronystagmogram. Obviously hisexpertisewill not be
to the same degree as the relevant specialist, but it is
neverthel essof paramount importancethat he should have
agood working knowledge of thesefacilities, not only for
diagnoses but also asameasurement of the efficacy of his
treatment.

Therapeutics

Hewill need to understand how decompression tablesare
constructed and be able to evaluate critically whether
decompression schedules should be used as they are
published or whether in agiven situation he should modify
them on the basis of his clinical findings and experience.
He must know why the various types of intravenous
therapy are used, the pros and cons of surface oxygen, and
when to treat and when to wait.

Research

In the concept of research, he will be fulfilling part of his
initial tasking as defined in ABR 1991. Of even greater
importanceisthefact that herehewill acquirethecapability
of asking theright questionsof theright peopleat theright
time, in order to pursue a point of contention. As a
researcher he will have a great deal of background
informationandal sowill acquirethecapability of scientific
evaluation of the efficacy of new techniques.

New techniques

With the new deep diving chamber, scheduled to be
functional later this year, a whole new concept in diving
medicine hasopened up to us. No longer arewerestricted
to the use of air, oxygen or various prescribed mixtures
from cylinders, but we now havethe capability of creating
any given atmosphere with whatever partial pressureswe
choose, using any combination of nitrogen, helium and
oxygen. Our depth capability has increased from 50

metresto morethan four timesthat. Withthenew chamber
the modern concept of saturation therapy will soon be
common practice as opposed to the state in our existing
recompression facilities where, in spite of ingenious
adaptation, based on the best of scientific reasoning, a
young man died in May 1984 when we simply ran out of
chamber as his therapeutic requirements far exceeded
those which were available.

Political

The Underwater Physician must also act in a political
sense. Thisisparticularly relevant asOI C of the School of
Underwater Medicine, and as CMO or SMO of HMAS
STIRLING, where continual exposure to the searching
questionsof Senior Officers, themedia, andcivilianpressure
groups, haveto be handled with diplomacy. Ideashaveto
be transformed to the written word and couched inaform
whichisboth correct Servicewriting and which carriesthe
greatest diplomatic persuasion.

Experience

Experience can never be learned from a book, only by
being there, seeing what is happening and participating to
thefull. Thereisno substitute for this and without it the
academic can never aspireto be aclinician. The concept
of experienceexistsineverythingwedoanditsimportance
can never be over-emphasised.

Career

If wewishto havegood peopleinthemedical branch of the
RAN, wemust persuade them to stay and the same applies
to underwater medicine. | believe that it is vital that a
career should be planned for those interested in spending
alargepart of their workinglifeinthissubject. Thiscareer
must be meaningful, based on a programmed career plan
with progressive training and jobs. Obviously as much
training as possible should bein Australia, although even
with the new Submarine Escape Training Facility, some
training will almost certainly have to take place oversess.
The career should encompass academic and research
involvement as | have already mentioned, and could
profitably extend over a period of 14 or 15 years. We
should work in close co-operation, and be involved, with
national and international underwater medicine
organisations such asthe UnderseaMedical Society inthe
United States, the European Underwater Biomedical
Society and herein Australiathe South Pacific Underwater
Medicine Society.

Specialisation

Almost hand in glove with a programmed career is the
concept of specialisation. Recognised specialisation with
appropriate academic qualification will be beneficia to
the Navy, the individual, and the diving community at
large. Such qualification should almost certainly come
from the Australian College of Occupational Medicine
which already accepts that it has a role to play in the
regulation of underwater medicineand inthiscapacity has
already recognised amember of SUM with the award of a
Fellowship.

Credibilit

Thisisthe one concept that we all seek to achieve. Weall
hopethat oneday wewill aspiretothe professional respect



which wefeel isowed to us by those around us and by our
colleagues. Without credibility, nobody will believeyou,
or trust your judgement. Eachisvital tothe practiceof any
form of medicineand theonly way to achieveitistodothe
right sort of traininginthecorrect sequenceinordertogain
the appropriate experience so as to make wise decisions,
and to be seen to be so doing.

UNDERWATERMEDICINETRAININGAT PRESENT
Ships Diving Officer’'s Course

Basic Underwater Medicine

Advanced Underwater Medicine

Apprenticeship

One-off aspects of training:

(1) Admiralty Marine Technical Establishment
(Physiology Laboratory) [AMTE(PL)]

(2) Institute of Naval Medicine

(3) Submarine Escape Training Tank (SETT), HMS
DOLPHIN.

(4) RN Submarine Squadron

(5) MV SEAFORTH CLANSMAN (RN deep diving
vessel)

(6) Clearance Diver (CD) training in Australia
(7) Oxyhelium diving in Canada
(8) Research PhD

(9) Attachment to the USN
(8 Nava Medical Research Institute (NAMRI)
(b) Nava Experimental Diving Unit (NEDU)
(c) SanDiego

All of these training activities are very valuable and each
gives knowledge which is part of the large jig-saw. The
one-off training activities, although each is of excellent
quality, depend to a greater extent on the drive and
enthusiasm of theindividual doctor. Itisfair tosay that the
moreyou put intoit, themoreyou will get out of it. Sofar,
it is only a handful of people who have been exposed to
some of the one off training and only one person who has
completedall of it. However, thisexisting training must be
updatedintermsof theprogrammed career, specialisation,
and academic qualification, in order to fully prepare the
Underwater Physician for the daunting tasks ahead.

At present there are four billetsin Underwater Medicine.
ThesearetheOIC SUM, the2nd MO SUM, the Junior MO
SUM and the Command Medical Officer/Senior Medical
Officer (CMO/SMO) HMAS STIRLING.

SUGGESTIONS FOR THE FUTURE OF
UNDERWATER MEDICINE IN THE RAN

Sincethe Submarine Escape Training Facility is proposed
for Western Australia | suggest this virtually obliges the
creation of two further Underwater Medicine posts, of
SETF MO and Junior MO HMAS STIRLING, which is
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ironic since if it were to be built adjacent to the existing
facilitiesat HMASPENGUIN it might havebeen possible
to make do with fewer doctors. Thisincreased number of
Underwater Medicine positions could make possible a
combination of training and career, which | will outline
below. Thisismy version andisnot necessarily shared by
the RAN.

We start with the Junior MO at SUM, who would spend a
year there. He would aready have done an Introductory
Underwater Medicine Course which would last for 1-2
weeks, possibly as part of his Direct Entry Officers

Courseor shortly thereafter. Hewould beavolunteer, and
should be interviewed and selected when he came to
HMASPENGUIN todohisShipsDiving Officers Course.
During hisyear at the School of Underwater Medicine he
would undergo the existing Basic and Advanced
Underwater M edicine Coursesand also thelatest concepts
inthemoretechnically advanced phasessuch assaturation
underwater medicine, electro-diagnostics, the use of the
new deep recompression chamber, gasanalysis, and onan
opportunity basiswould carry out experience diveson all

RAN diving systems. He would then go to HMAS
PLATY PUS for a short submarine acquaint course, for
about 2 weeks. This is purely to show him what a
submarine is, the basics of how it works, how the
submarinersfeel about their own particular problemsand
their own way of handling them, such as cramped living
conditions, toxic atmospheres and submarine escape. The
balance of theyear would be spent at SUM with on-the-job
training and general experience in underwater medicine.

His next post would beto HMAS STIRLING in Western
Australia as the Junior Medica Officer for 6-12 months
where for about 1 month he should undergo a SETF
Course. In this his knowledge of the problems of the
submariner would be broadened, with a greater emphasis
on the problems of submarine escape. He would undergo
submarineescapetrainingand participatefully insubmarine
escape activities.

Following this, when he will have 18 months to 2 years
experience in Underwater Medicine, he would be sent
overseas for 6 months consolidation training either in
Europe or North America. At present, probably the place
with greatest experienceof underwater medicinein Europe
is Aberdeen University in Scotland with whom we have
more than a nodding acquaintance. Experience of the
industrial type of diving, and diving medicine, which is
practiced in Aberdeen, and which is very much of an
international nature, would be quite invaluable to any
aspiringunderwater physician. | suggest aweek issufficient
for a visit to the Institute of Naval Medicine and the
Physiological Laboratory, since sadly the RN seems to
havelost most of itsexpertsin Underwater Medicine. The
greatest use, however, which can be made of the Royal
Navy, would befor someform of ‘ SeaSurge’ exchangeon
their ship the SEAFORTH CLANSMAN, whichisadeep
diving support vessel with its own saturation complex. A
minimum period of 5 weeks would be required since
without doubt this is the direction which the Royal
Australian Navy must surely gointhefullnessof time. In
North America, equivalent training could beacquired with
theUSN at NAMRI, Bethesda, or NEDU, PanamacCity, or
preferably a combination of both.

On his return from overseas he would come back to the
submarine escape training facility in HMAS STIRLING
as the SETF Medical Officer. At this point he should
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receivetheDiplomaof Underwater Medicine. Thisshould
probably beawarded by peer group el ectionandalsoonthe
results of arunning case thesis which he would have kept
during the previous two years. So far the Diploma of
Underwater Medicine does not really exist in Austraia,
however, it would be appropriate if the College of
Occupational Medicine were to champion this cause.

The two years as SETF MO would be essentially of a
clinical, advisory, supporting nature, during which time
the MO would be able to select his particular interest for
the following year, where he should have the opportunity
to do ayear’ sresearch for an MSc. This research should
be relevant to Underwater Medicine and as such would
again fulfil existing commitments of the School of
Underwater Medicine. It would probably not matter
materially, however, whether the research was done in
either theEast of Australiaor theWest. Subjectswhichare
particularly relevant in the field of Underwater Medicine
arebiophysics, physiology, and applied anaesthetics. For
example, nobody has yet tried to find out how a high
frequency jet ventilator or high frequency oscillator works
inside a hyperbaric chamber. It is noteworthy that a
member of SUM has recently designed and built a
revolutionary CO2 scrubber for usein RCCs. Industry has
not yet equalled this feat to anywhere near the same
efficiency.

The Medical Officer should now return to the School of
Underwater Medicineasthesecond Medical Officer. This
should probably be of the order of three years, but during
thistimewouldincludethe RAN Staff College Courseand
also the Australian College of Occupational Medicine
Courseof 10weeks. Thecombination of thesetwo courses
would therefore take about ayear, leaving two of thethree
yearsfor carrying out the tasks of SUM second MO. This
isaparticularly important post and very much acog-wheel
position since the vast mgjority of education, training,
research and projects in underwater medicine falls on the
shoulders of the2nd MO. It isappropriate that soon after
completing the College of Occupation Medicine Course,
he should be considered favourably for the award of the
Fellowship of that College.

The natural progression isto becomethe OIC of SUM, or
the CMO/SMO of HMAS STIRLING. On posting to
either of thesepositions, which | consider tobeequivalents
andthereforeinterchangeable, theM Owill havecompleted
some 9 years of underwater medicine. If he continues to
do3yearsat SUM astheOlCfollowedby 3yearsat HMAS
STIRLING or vice-versa, it will mean that he will have
completed 14 yearsintheNavy asanUnderwater Medicine
doctor. | consider this is not to be sneezed at and long
before he had completed that 14 years and been dragged
off to Canberrato drive adesk and push a pen, this doctor
would be of immensebenefit tothe RAN and to thediving
community at large. It would certainly be possibleto take
him off and have him do sea time or a Deputy Medical
OfficerinChargejob, or someother form of administrative
jab, virtually at any time through this progressive career
training. | do not think it would help his underwater
medicine, but it could help the Navy out of a posting jam
and obviously in terms of the Naval Medical Branch asa
whole, such postings must be considered.

CONCLUSION

What | have tried to do has been to show you what the
position is at present, to indicate current training in
underwater medicineandtodemonstratethat for theexisting
tasksconfronting us, let alonethose of thefuture, thisisfar
from adequate. | believe the way ahead which | have
shown isthe correct way based on thelogical principlesof
the appropriate training for the job with a predictable
career pattern, which is obviously what we all want to
have. A grest deal dependsontheindividual resourcefulness
of the Medical Officer concerned, and his willingness to
work hard at the job. However, al the way through my
plan there are academic carrots which are worthy rewards
for continued pursuit in this subject. Further to this| feel
that with the increasing complexity and responsibility in
Underwater Medicine, it will sooner or later become
apparent that the posts of OIC SUM and CMO of HMAS
STIRLING should be occupied by Medical Officersof the
rank of Commander. A lot of lessons at this Conference
havebeentakenfromtheBritishexperienceintheFalklands
War of 1982. Wedo not need aFalklands War to show us
the problems or teach us the lessons. We have our
Falklandsherein Australia, all around usinthewatersthat
lap the shores of this great and ancient continent, it has
been with usfor years and the problem is steadily getting
worse. | believe the Navy must accept the problem of
underwater medicineinitsentirety in Australiasincethere
is ho other organisation, either State or private enterprise
which hasthe horsepower or the potential for the backing
andinfluencethat we could have. TheNavy islikeagreat
rock, arock of stability, aFederal rock. Our responsibility
issurely to thediving community at large and sofromthis
Federal rock, wemust extend ahel ping hand and show the
way by accepting the challenge of our rightful place asthe
National Authority on Diving Medicine but with an
international voice.

Dr Tim Anderson is the Officer-in-Charge of the RAN
School of Underwater Medicine. He has some years
experienceasan off-shoremedical officer intheNorth Sea
oil fields, based on Aberdeen.

This paper is an edited version of a paper presented at a
RAN Health Services Conference on 2 February 1985.
The ideas expressed in this paper are Dr Anderson’sand
not necessarily the official views of the RAN.

The conditions for the award of the SPUMS Diploma of
Diving and Hyperbaric Medicine are

1. Passing both the Basic and Advanced Courses in
Underwater Medicinerun by the School of Underwater
Medicine.

2. Passing the Hyperbaric Medicine Course run by the
Hyperbaric Department of the Prince Henry Hospital.

3. Sx month’s full time, or the equivalent as part time,
experience in Underwater or Hyperbaric Medicine.

4. Submitting a thesis. The examiners are the President
of SPUMS the OIC SUM and the Director of the
Hyperbaric Unit at the Prince Henry Hospital.



DECOMPRESSION TABLES
UNDERLYING ASSUMPTIONS

Areport on a workshop held at the UMS Annual Meeting
in San Antonio in May 1984.

STATISTICAL SIGNIFICANCE AND
DECOMPRESSION TABLES

Lou Homer of NMRI tackled one of the stickiest and most
unsolved problems of decompression science: how to
assess when atable is acceptable. This has aways been
doneonamoreor lessad hoc basis; even though many sets
of tableshave been amply tested there have been few done
against predetermined criteria based on sound statistical
analysis. Homer pointed out that we have assumed that a
fixed probability of decompression sickness (DCS) exists
(but this is among the aware, there are still those who
apparently take a black-or-white view and behave as if it
were not a matter of probability at all), and that it is the
same for all individuals and conditions for a given
decompression schedule. Based on these assumptionswe
can use the binomial distribution to make a prediction,
such that if there aretwo casesof DCSin 40 dives, weare
95% confident that the underlying incidence is between
0.6%and 17%. Notethat thefinal stepisnotanassumption,
but a specific result following accepted statistical
procedures.

Homer believes there is a better way. For one thing,
statistically we worry as much about those cases in the
range less than 0.6% as those with greater than 17%
probability, even though only the high probahility is a
problem. Wealsoarenot surewehavedefined asafetable.
The more we push to assure safety, the greater the chance
wewill reject agood table. He suggests using sequential
analysistechniquesthat allow atest seriesto beterminated
assoon asit fails. Using the basis of two casesof DCSin
40 divesas*acceptable”, he showed astrategy that results
in an average of 32 dives needed to validate a good table.
He also discussed basing the test on details of the model,
sothat different schedulescould be pooledto help validate
the model itself within given limits. This depends of
course on having a sufficiently universal model, and that
its parameters can be put to the test.

PROVOCATIVE DISCUSSION

This paper generated more discussion than any other.
Therewasclear sentiment that Doppler bubblemonitoring
could be used in the same way as DCS, for the end point.
Dick Vann (Duke University) suggested that the Doppler
score could be put into themodel. Dave Y ount suggested
testing individual parametersand then combining themin
a global model, using nucleation instead of a “matrix”.
Gene Wissler (University of Texas) asked if the equation
(Homer’ sprobability cal cul ation based onadecompression
model) was physiological, to which Homer answered that
it was more a matter of common sense than physiology,
and that they looked at common sense things like deeper
stops. One comment was that the models were indeed
physiological in that they look at the integral of the gas
remaining. Billy Bell asked if the assumption of constant
incidence wasrealistic. Homer answered that we have to
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hope that our subjects are representative.

Toaquestion about comparison of UK and USapproaches,
Paul Weathersby saidtherearereally no specificapproaches
from the two schools, and that assumptions cannot
necessarily be transferred between models. It was
mentioned that the Defence and Civil Institute of
Environmental Medicine (DCIEM) had progressed froma
somewhat intractable hardware based model to a more
general one, that 5000 test dives have shown some
limitations, but that they are till trying to find a general
model (bubble detection has played a big role in this
development progress). DCIEM is the only place that
considers different levels of confidence in al their table
assessments. Dick Vann commented on the evolution of
the British tables, noting that early Haldane tables had
deeper stops than the ones Haldane ended up with.

NEDU’'SVIEW OF FUNDAMENTAL ISSUES

Ed Thalmann approached the underlying assumption by
pointing out that US Naval Experimental Diving Unit’s
(NEDU) role is to develop practical decompression
procedures for use by the US Navy, without too much
concern about the theory behind the tables aslong as they
work. Heshort circuited Van Liew’ sflow chart by having
theresults of tabletesting go to information which moves
to assumptions and then back to more tables; only when it
works do we “learn some science”.

NEDU has been involved since 1978 in non-saturation
decompression development, and during that period has
donesome2300 mandives. Thiseffort hasbeen mainly to
test the US Navy’s closed circuit breathing apparatus,
whichprovidesaconstant 0.7 ATM oxygenpartial pressure.
They started with the traditional Hal dane approach which
had been used by the US Navy for sometime. Thismaodel
canbemadetofitany experiencesinceit hasmany degrees
of freedom, but Thalmann feels it does not take oxygen
into account, that it looks only at inert gas tension. This
model worked first with some manipulation, but for
Thalmannwould not predict both saferepetitivedivesand
reasonable no-decompression limits.

LINEAR OUTGASSING

Next NEDU introduced anew concept of linear outgassing
during ascent, rather than thetraditional exponential. This
was based on the assumption that a gas phase formed
whenever there was a certain degree of supersaturation,
andtheslopewasproportional tothedifferenceininert gas
tension between arterial and venous blood. This model
predicted repetitive dives satisfactorily, but when used for
air tables made the decompressionstwo or three timestoo
long. Brute force adjustments to the slope fixed this, and
the new model was next used for 0.7 ATM heliox tables.
Once again, the model broke down, but good tables could
be generated once some of the half-timeswereempirically
modified.

The model wasthe next tested against 25% oxygen scuba
tables, already provenandin use. Y et another adjustment
was needed. This time the assumption was that when
inspired oxygenwashighit madethecorresponding venous
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blood oxygen tension higher as well thiswas achieved in
themodel by making tissue compartmentswithlonger half
times have alower oxygen extraction rate. Whether this
adjustment will resultinamoregenerally useful model has
yet to be determined.

Discussion at first centred on whether high oxygen would
lead to high venous blood oxygen levels, with agreat deal
depending on the levels considered. Asked whether the
tables were down to a few elbow niggles at this point,
Thalmann answered that they have set of tables now,
longer than the onesthey started with. He mentioned that
helium was different from nitrogen, that with helium they
might see 30 clean divesand one case of amnesia: helium
hasawaysbeen considered | ess predictablethan nitrogen.

DUKE SEYE VIEW

In the last paper of the session, Dick Vann reviewed his
bubble-growth assumptions, and showed how the effect of
exercisecan betakeninto account. The"assumption” that
undissolved gas is the responsible offending agent in
decompression sickness can hardly be challenged, but he
pointed out that while this clearly true for the spina,
cerebral, and pulmonary situations, the way gas acts in
pain-only bends is not yet clear. He noted also that
“biochemical” effects of the gas-blood interface are no
doubt important ones.

Bothdiffusionand perfusion areat timesassumedto bethe
limitingfactors. Vanndescribedthedifferent circumstances
whereeach of theseispredominant. Diffusion, forexample,
is more important in undissolved than in dissolved gas
exchange.

The assumption on which VVann basis his computation of
decompressiontablesisthat therisk of DCSincreaseswith
larger volumes of undissolved gas. Hisapproachistofind
thesmallest bubblevolumethat will resultin DCS, thento
relatethisto the smallest pressure reduction to cause DCS
symptoms. Bubblesare assumed to form on each stage of
and to be dissolved during the stop. This process is
assumedtowork if thebubblesizeiskept below thecritical
volume.

THE ROLE OF EXERCISE

During the trials at Duke testing the 0.7 ATM oxygen
partial pressures mentioned in Thalmann’ stalk, different
exercise regimes were tried. Work on the bottom
uneguivocably increases the risk of DCS. However, the
role of exercise during and after decompression is less
clear. WWII aviation studies showed that fliers who
exercised while exposed to high altitude suffered more
symptoms and got them more quickly. Early Navy work
showed that exercise following decompression was
detrimental, and the resulting directly also did away with
the previous Navy practice of exercising during
decompression, eventhoughtheexperimentdidnotinvolve
exercise during decompression.

Work at Duke showed that divers exercising during stops
could have their stop times reduced by as much as 30%;
conversely, heavy exercise on the bottom can increase

decompressiontimethreefold. Theassumption hereisthat
bubbleformationwasdlight enoughthat theexercisecould
accelerate gaselimination. If bubble sizeislarge enough,
exerciseisno help, thebubblesarelimited by diffusionand
do not dissolve. Results of some 20-30 trials in each
schedule tested were encouraging but there were not
enough of them to provide statistical validity. Vannfeels
light exercise during decompression is beneficial .

Severa comments were offered relative to exercise in
decompression. lan Buckingham noted that bell tenders,
whorest during thediveand decompression but oftenwork
hard right after surfacing, tend to get DCS more than the
working divers. Vann offered the thought that work also
raised the diver’ stemperature, another factor knownto be
beneficial during decompression. He suggested that
exercise and temperature may account for some of the big
“individual” differences often seen. Ed Thalmann says
that hisdiversnow takeahot shower after surfacing, which
was formerly a no-no.

The Vann approach of letting a bubble exist but not grow
too much drew some comments on biochemical effects of
thebubbles. VVanreadily admitsbubblesleadtotroublebut
did not see many biochemical changesin hissubjects. All
Brubakk of theNorwegian Underwater Technology Center
(NUTEC) noted that even though the profilesfree of DCS
would be considered “safe”, there is still some effect
(Vannagrees), andthat “ bubbles’ areobservableinanimals
for as long as a month. Dave Y oungblood reminded us
about the long-standing problem in patients placed on a
heart-lung bypass machine; there are often serious after-
effectsdue, it is assumed, to bubble damage to the blood.

Hugh Van Liew closed the symposium with the comment
that those involved in practical table development appear
to be strongly influenced by feedback derived from table
tests, and apparently havenot yet found waysto makesuch
use of the other kinds of theoretical or experimental
information that exist.

(Many thanks to the UMS and Dr Bill Hamilton for
permission to reproduce their excellent overview. Editor
TRIAGE).

(Reprinted by kind per mission of the Editor fromTRIAGE,

thenewsl etter of theNational Associationof Diver Medical
Technicians, No. 9, January 1985.)

BLAME NATURE DEPARTMENT

The British Government was reportedly not satisfied with
the safety standards at Sellafield (formerly called
Windscale), aNuclear fuel reprocessing plant. Apparently
thereisa 2.5 km pipe which takes solvents, used to clean
radiated tanks and pipes, out to sea. Workersclaimed that
up to 20 times the legal amount of radioactive waste was
pumped recently into the Irish Sea by mistake. The
company (BritishNuclear Fuels) blamed“ adverseclimatic
conditions’ for returning the radioactive slick onto alocal
beach. A geiger counter would seem an essential extra
piece of equipment when diving off this area of Cumbria.



SERENDIPITY STRIKESAGAIN

Decompression Studies at University of Wisconsin

Rev EH Lanphier MD and CE Lehner PhD
University of Wisconsin, Madison, Wisconsin

Pasteur once said “... chance favours only the mind
prepared.” Whatever else, the minds that were trying to
put together a high-pressure research program at the
University of Wisconsin in the late 1970s were prepared
enough to grab afine hyperbaric chamber for $1.00. That
is actually what we paid another university for a large,
three-compartment, 1000-foot working depth research
chamber and all its adjuncts.

By early 1979, the chamber had been instaled in the
University of WisconsinBiotron, aworld-renownedfacility
for environmental research. TheSeaGrant CollegeProgram
hel pedwithinstall ation costsand hassupported our research
ever since. Theinitial decompression studieswere aimed
at characterizing the responses of sheep and pygmy goats.
Wehopedto usethem assubjectsfor basicresearchthat we
were reluctant to undertake in human subjects.

We began by looking at 24 hour exposures with direct
ascent to “surface”. Resultsin the pygmy goats matched
those reported el sewhere for goats of normal size, and we
found that sheep were somewhat more resistant to
decompressionsickness(DCYS). Bothappearedremarkably
similar to humans. Inthisphase, we saw very little except
“limbbends’. Theincidenceof “CNShits’ wasextremely
low.

When we looked at 4 hour exposures, there was little
changeintherangeof pressuresrequiredto produce* | east-
detectablesigns’ of DCS, and therewasno real changein
DCStypes.

The next stage in our plan was to look at 30 minute
exposures with direct ascent. To our surprise, thiswas a
whole new ball game. As expected, we had to go deeper
to produce any form of DCS, but now signs of spinal cord
involvement were frequent and often devastating. Early
on, we lost one of our favourite goats to respiratory
paralysisdespitevery prompt recompression. Another old
friend, Jane, became quadriplegic. She responded to
treatment but then relapsed during the slow ascent. She
showed no response to further recompression and was
unable even to lift her head to drink. What happened to
Jane after that is worth telling.

Our veterinary neurol ogi st found somefaintly encouraging
signs and recommended that we keep Jane alive to see
what would developinaweek. Theneedfor intensivecare
wasmetwiththehelp of alargeboxin Dr Lanphier’ sstudy,
agreat quantity of old newspapers, and not alittle effort.
In a week, Jane showed some favourable changes, and
definite progress continued.

Recovery from Quadriplegia

Inthetenth week after her accident, Janecrawled out of her
box andtriedtojointheLanphiersat dinner. Theirjoy was
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tempered by deposits|eft on her way, so Jane was shifted
to quarters outside. There, daily, she was set on her feet
and encouraged to take steps. Within another few weeks,
shewas ableto stand for atime, walk alittle, and, finally,
to get up without help. Except for one transient setback,
Jane' scondition hasbeen stablefor over twoyears. Sheis
clearly impaired but abletowalk reasonably well and even
to run alittle.

Our astonishment at Jane's recovery sent us to the older
literature, wherewefound anumber of accountsof equally
remarkable convalescencein divers. Thus, Janetaught us
that spinal cord injury from DCS can have a far better
prognosis than do more common forms of damage. The
implications for management and rehabilitation of cord-
injured divers are clearly important.

32% Spinal DCS (Goats) and 64% (Sheep)

That was the good news, but the bad news overshadowed
it completely. By far the most important lesson of our 30
minute exposures was in the overall incidence of spinal
DCS. Inmany repeated dives, thisreached 32%in 6 goats
and 64% in 3 sheep. By then, wewere much morewilling
to believe recent accounts that contradicted older sets of
data. Weasked ourselveswhether the prevalence of short,
relatively deep diveswith scubacoul d perhapsaccount for
such achangein statistics. Conversationswith the Divers
Alert Network (DAN) and friendswho were seeing actual
cases strongly supported thisidea.

Weassumethat evenwell-trained diversoccasional ly take
libertieswith the tables, and many of them praobably do so
on the assumption that, even if they do “get bent”, the
chance of aserious (Typell) hitisremote. But instead of
1-in-10 or even 1-in-4, the risk of spina cord injury is
probably even greater than 50-50 for most scuba divers
who take chances (and for somewho follow all therules).
We are talking here about dives that are barely sufficient
to produce any sign of DCS, and about the proportion of
resulting cases that include injury to the nervous system.
Obvioudly, gross violation of the decompression tables
can produce almost any form or forms of damage.

With possibilities like lifelong paraplegia in the balance,
misinformation can be very dangerous. Even more scary
isthefact that many divers still do not realize that aweak
leg or numb foot or “pins and needles’ somewhere, or an
odd kind of belly ache, can signal avery urgent need for
recompression. For suchadiver, therisk of injury islarge,
the chance of timely treatment is rather small.

At the 1984 UM S meeting, Dr Lanphier talked with some
of theleaders about the need for authoritativeinformation
on this subject, specifically aimed at divers. Hereturned
to Madison discouraged by the lack of interest. A Sea
Grant writer called just then to ask him to reconsider his
“embargo” on a press release that had been prepared on
this subject. Thistime, Lanphier said “Go ahead”.

Serendipity and Chokes

Inthecourseof nearly 1000 simulated divesinour animals,
serendipitous development of dysbaric osteonecrosis
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(aseptic bone necrosis) gave us the impression that we
could producethat conditionalmost at will. Littleisreally
knownabout thisunfortunatecomplication of DCSbecause
there has never been avery satisfactory animal model of
the condition. We devised a “recipe” for producing
necrosisdeliberately; theprotocol includedwhat wecalled
“dtitude provocation”, aprocess that had been extremely
useful in our earlier studies.

Inthefirsttrial, weexposed 6 sheeptoamoderatedepthfor
24 hours and then, after observation at surface, took them
to 8,000 ft of altitude (570 torr). We planned to “park”
them there for another 25 hour period.

“...DIVERSWHO MAKE VERY LONG DIVESOR
DO MUCH REPETITIVE DIVING MAY BE AT
GREAT RISK OF CHOKES IF THEY FLY TOO
SOON AFTERWARDS.

Theideawasthat if any showed unduesignsof DCSinthe
meantime, we could simply take them back to the surface.
There, experience indicated, they would almost certainly
be relieved without further recompression.

Fate had other plans. To our astonishment, just 45 minsat
altitude produced prostration in 3 sheep, and dear old
Blanche was dead before we could get them back to
ground. The problemwasobviously “thechokes’, but the
two sheep till living did not respond at all rapidly to
recompression. Both of them ultimately recovered at
treatment depth, but one died abruptly during subsequent
ascent. Herewas an appalling problem. Wewere mainly
grateful that the subjects were sheep and not divers.

Despite our unprepared minds, serendipity had given usa
sure-fire method of producing chokes. We subsequently
utilized thismethod many timesin anew project in which
we learned much about this condition. We have no proof
that our experience applies closely to real-life situations.
However, webelievethat diverswho makevery longdives
or do much repetitive diving may beat great risk of chokes
if they fly too soon afterwards. Eight thousand feet isall
it took with our sheep, and that is an accepted cabin
atitude. We were also impressed that what we saw in
many sheep could easily be mistaken for a heart attack if
it occurred in adiver.

Bone Necrosis

Our recipefor producing bonenecrosisobviously hadtobe
modified; it hasnow beentested andtheresultsareentirely
encouraging. Wehopethat this, together with our discovery
that bone marrow pressure is often elevated in “limb
bends’, may lead to significant progressin understanding
both these conditions.

Does chance favour only the prepared mind, as Pasteur
said? Some of our best “discoveries’ suggest that it may
beenoughjust to be* doing something actively” and being
willing to appreciate whatever turns out.

(NOTE: Appropriate references etc., will be supplied by
writing directly to Dr Lanphier.)

Reprinted, by kind permission of the Editor, from
PRESSURE, the newsletter of the Undersea Medical
Society.

DCIEM UPDATE
“New Canadian Dive tables coming”

In early 1983, The Defence and Civil institute of
Environmental Medicine (DCIEM), a Canadian
Department of National Defence Research Establishment
located in Downsview, Ontario developed a new
decompression model for air diving. Thisnew model, the
DCIEM 1983 Decompression Model, istheresult of many
years of decompression research at DCIEM.

“Standard Air”, “In-Water O,” (at 9 msw) and Surface
Decompression on Oxygen (Sur D O,) decompression
tables, as well as very simple “Repetitive Diving”
procedures for al the above tables and “Altitude’
corrections based on the new model have been devel oped
andarecurrently being evaluated at DCIEM using Doppl er
ultrasonic bubble detection techniques.

Althoughnorealistic decompression procedurescantotally
eliminate the occurrence of Decompression Sickness, itis
felt that a more conservative approach to decompression
proceduresthan those published inthe United StatesNavy
and Royal Navy diving manuasis necessary (1.2).

Figure 1 provides a simple comparison of the DCIEM,
USN and RN “ Standard Air” decompression tables. The
DCIEM table is consistently more conservative than the
USN table and RN Tablell. Asthe DCIEM “Oxygen”
decompression tables are derived from the same basic
model, these tables are equally conservative.

Experienced divers have long believed that the USN
“Standard Air” tableoften doesnot providequitesufficient
decompressionandthereforeapply the* onelonger bottom
time” rule for hard working dives quite regularly. For
more severe exposures, the actual decompression is often
further increased by the “one longer plus one deeper”
modification.

Figure 2 showsthat when the “onelonger” ruleisapplied
totheUSN table(USN + 1), theDCIEM and USN methods
resultin similar decompression times - except at extended
bottom times. If, however, the “one longer plus one
deeper” philosophy isappliedinthisregion, theresultsare
again very similar.

The current evaluations of the DCIEM 1983 model using
Doppler ultrasoni cbubbledetection procedureshaveshown
that thebasi c conservatism of thismodel isindeedjustified
and necessary. Experimental working divesto 72 msw for
40 minutes bottom time have shown thismodel assafein
the “exceptional exposure” range as in the “normal” air
divingrange. Thisisattributed to thefact that therelative
conservatism of the DCIEM model increases as bottom
times are extended.

For short, shallow dives, the DCIEM model is perhapstoo
conservative. However, thisextramargin of safety - inthe
region where most of the diving by “novice” divers and
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the decompression table development process. The air i ]
diving limits shown in Figure 3 are proposed by DCIEM. 20T
These limits are not dictated by the DCIEM 1983
decompression model. Rather, they are based on a
consensus opinion of what are considered realistic REFERENCES

maximum exposures for compressed air diving in typical
Canadian waters. They also define the scope of thetable
validation process and provide guidance for planning
diving operations.

In the very near future, the decompression tables and
proceduresfor compressed air diving based onthe DCIEM
1983 decompressionmodel will bepublishedandavailable
for use by all divers.

1. US Navy. US Navy Diving Manual. Val. 1, Air
Diving, NAVSEA 0994-LP-001-9010. Navy
Department, Washington DC. 1979.

2. Royal Navy. RN Diving Manual, BR 2806. Her
Majesty’s Stationary Office, London, 1972.

Reprinted by kind permissionof theEditor fromCANADIAN
DIVING JOURNAL, Winter 1985.
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NORTH SEA DIVING ACTIVITY DURING 1984

Commander SA (Jackie) Warner OBE, DSC
Chief Inspector of Diving, UK

It is once again my privilege to bring you the last year's
situation report from the North Sea. We arewell into the
second decade of diving operations involved with the
North Sea offshore industry. The progress that has been
madein every aspect of offshore diving during that period
has been fantastic. The standard of safe diving practiceis
only one part that has improved but there is no doubt that
the work will aways be potentially hazardous. The
professionalism of theoffshorediver iscertainly of amuch
higher standard than hitherto but thereisstill alongway to
gocomparedwiththestandardsinsuchareasasinternational
air travel. Progresshasandwill continueto bedifficult as
divers are not produced out of a common mould and the
standardisation of the behaviour and techniques, whichis
sometimes regarded as professionalism, is difficult. The
historical description of the diver’ s cavalier, buccaneer or
even cowboy approach to life will take a long time to
outlive. Thisiswhy | am glad to see that the training
standards for divers and support personnel are getting
away from the “wooden top” approach. It isnot true that
you have to be mentally subnormal to go under water. It
has been said so many times “that diving is only ameans
of transportation” albeit it involves the application of the
result of years of research into physiology, chemical
engineering, electrical engineering, hydraulic engineering
etc., but at the end of the day the diver hasto be capable of
carrying out useful work at depth.

Offshoreactivity isincreasing onthe UK continental shelf
and at the end of 1984 there were 126 installations and 55
diving spreadsworking. Explorationwork iscontinuing at
a high level and is limited largely by the availability of
mobile drilling rigs. Changes in gas prices and tax
concessions are also encouraging activity. The trend in
pipeline work is dlightly different as there are few major
operations but a larger number of smaller projects.
Superimposed on this activity is an increasing need for
surfaceand sub-surfaceinspection, maintenanceandrepair
of existing installations and pipelines as they age in a
hostile environment. All this adds up to a considerable
amount of diving activity and makes the North Sea the
major offshore operational centre in the world. In the
Norwegian sector there has been a lot of deep diving
activity involved in the laying of pipelines across the
Norwegian trench. Last year diving was being conducted
on aregular basisto 260 metresand training and selection
has already commenced in preparation for this year's
diving programmes to 350 and 380 metres aimed at
providing arepair capability for new pipelines.

Training and Certification

Thehighlevel of diver activity inthe North Seaisproving
attractiveto diversfrom all over the world but once again
| have to stress the absolute need for UK training or UK
recognised training qualifications before a diver can be
employed. Inpastyears| haveexplainedthereasonfor the
setting up of the training standards which appear to be
justified by theimprovement in the casualty figures. You

may al so remember that the need for training certification
wasintroduced in 1981 but with apossibility of obtaining
certification by experience. This was designed to look
after the experienced diverswho did not take advantage of
thegrandfather clausefor avariety of reasonsand who had
not necessarily beentoarecognisedtraining school. Atthe
sametimethismethod of certification provided aloophole
by which to avoid expensive recognised training and this
isnow considered no longer justifiable. Action is being
taken to delete from UK legislation the possibility of
obtaining certification just by experience or by some
training and some experience. Webelievethat everybody
whowasjustifiedin claiming under theschemeliketheold
and boldswhowerediving prior to 1981 havenow doneso.

Accidents and Incidents

In 1984 there was one fatal accident, 15 dangerous
occurrences, 17 seriousinjuries (and thisincludes Type 2
decompression sickness) and 7 minor injuries. Includedin
the total accident/incident list are 2 explosions which
occurredwhil stthediverswerecutting/burningunderwater,
3trapping incidents, one of which almost severed aman’s
hand, 11 Type 2 bends, but as we are encouraging
supervisorstotreat all cases of decompression sicknessas
serious, one cannot placetoo much reliance onthe Type 2
figures. Therewere?2 explosivedecompressionsof medical
lockswhich | think supportsour requirement for thefitting
of interlocks. There was a minor fire resulting from a
pillowleaning against anunprotectedlightbul b, oneincident
inwhichitwassuspected that thediver may havehad more
than the acceptable radiation exposure, 3 problems with
dynamically positioned vessel s which was entirely dueto
design failure and 2 bell recovery problems.

With theamount of diving activity inthe UK sector during
1984 and the escal ation of diver timesubjected to pressure
| believe that the diving industry has every reason to be
pleased with the present safety record but, as aways, we
must all avoid complacency. Thismay sound likealot of
platitudes and OK phrases but it is a fact that the fatal
accident rateinthe North Seaisnow fifty timesbetter than
hitherto.

Inthe UK wehavenow established acomputer programme
for recording and assessing diving accidents. It will take
sometimebeforethisprogrammeisof real valueasweare
dealing really with quite small numbers but for your
interest, | can show you thefiguresand brief statementson
all the fatal diving accidents of known diving fatalities
involved in oil and gas operations in Northern Europe
since 1971.

1984 Research Projects

Weare continuing to invest money in research into diving
problems. However, | must admit that | considered it a
very sadday whentheindustry initiativeaimed atimproving
diving safety was disbanded.

Breathing Gas Purity

We are continuing to assess the toxicity of contaminants
likely to beintroduced into the chamber atmosphere from



thework site, for example, epoxy resin, crude ail, silicone
rubber solvents, etc. We have undertaken a study to
predict the identity and quantity of likely contaminantsin
thechamber/habitat atmosphereandto establish maximum
acceptable levels.

The offshore analysis of gases breathed by divers is
particularly difficult if we are looking for trace
contaminants. Ideally we require an on-line technique
which can be operated, and results interpreted, by non-
specialist personnel. We are undertaking a survey to
identify the technique most likely to meet these ideals
within areasonably short development time.

Hyperbaric Evacuation

A great deal of money hasbeeninvested by theindustry in
various pieces of hardware for evacuating teams of divers
under pressure from athreatened offshore installation. A
number of these devices have been the cause of some
concern in the terms of:

(a) ultimate recovery;
(b) thermal stress for the occupants.

We have recently undertaken some trials addressing both
of these concerns. Our conclusions include:

(8  Themarinerecovery of abuoyant chamber mounted
within a substantial steel framework is considered much
morefeasiblethanthat of achamber mountedinsideaGRP
“lifeboat” .

(b)  Aswiththelostbell situationtheoccupants' thermal
balance is essential for their survival. However, with a
hyperbaric rescue vessel thermal stress can be dueto cold
when we have a few occupants pressurised to significant
depths, or it can be due to excessive heat when we have a
large number of occupants at relatively shallow depth. In
either case, thethermal stresscan belifethreateningwithin
amatter of hours.

Sofar we have only studied the heat stress situation where
the ambient air and seatemperatures dominate the rate of
cooling possible with the limited self contained power
sourcesnormally associated with hyperbaricrescuevessels
(HRVs). Itwould seemthat provisionfor thenet extraction
of heat of around 110 watts per diver from the chamber is
essential for thermal equilibrium to be maintained. This
requires reasonably sophisticated techniques when the
ambient temperaturesare above 10°Cfor theseaand 15°C
for theair.

Air Decompression Schedules

We have been receiving anecdotal evidencethat currently
used air decompression schedules may be causing an
unacceptably high incident rate under certain conditions.
We are undertaking a survey identifying dive parameters
and associated incident ratesto identify () if theretruly is
a problem, and (b) if so, what particular combination of
diving parametersand decompression schedulesiscausing
theproblem. Asl told you last year my own sift of theraw
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datasuggested anacross-the-board decompressionsickness
percentage of less than 1%.

Long Term Effects of Diving

Onecommonmethodfor assessing early signsof potentially
hazardous toxic fumes or ionising radiation isto examine
the type and frequency of modificationsto chromosomes
in blood cells. Early indication showed that 4% of the
diving population studied showed unreported level of
chromosome damage in only 2% or less of their white
blood cells. Thiscompared with less than 1% of the non-
diver control group. The chromosomal damage has been
related to general medical history, type of work, degree of
exposure to X-rays, smoking, alcohol consumption,
chemical exposure, diving experience including types of
diving, hoursof exposure, partial pressureof breathing gas
constituents, working depth range, deepest dives, diving
related illnessesand accidents. NO, and | must repeat NO
correl ation between any of theabove and the occurrence of
severely damaged cellshasbeenfound. Theconclusionto
dateisthat diving per seisnot the cause of these damaged
cells. It could be that some sporadic activity is the most
likely causative factor with divers showing a higher
propensity.

Also we are undertaking a study to identify the possible
role of oxygen in the initiation of bone necrosis. A
hypothesislinking an elevated partial pressure of oxygen
with areduced blood flow, and thus reduced gastransport
out of bone tissue during decompression, is being tested.

Finally, | am pleased to report that the UK hosted the first
meeting betweenthevariousinternational divingcontractor
organizationsin Aberdeenlast year. Representativesfrom
the AODC (Europe), the ADC (America) and the CADC
(Canada) informally agreed to exchangeinformation. Also
present werethe Diving Inspectorsfrom the Governments
concerned. There was a strong willingnessto co-operate
andto standardise certain procedures. Thewholethemeof
themeetingwasbased on“ communication” anditishoped
that this is another step in the direction of international
standardisation.

This paper was presented at the Association of Diving
Contractors’ International Symposium, 1985. This was
Commander War ner’ stenth paper, asthe UK Department
of Energy’s Chief Inspector of Diving, to this forum.

Commander Warner retired in May 1985. His successor
as Chief Inspector of Diving for the UK Department of
Energy isMr Roy Giles.

THE WORLD UNDERWATER FEDERATION
PASSES ITS FIRST QUARTER CENTURY

A Press Release

In Paris on 14 January 1984 the World Underwater
Federation cel ebrated the25th anniversary of itsfoundation.
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THE ‘BYFORD DOLPHIN’
DIVING ACCIDENT

SteinTonjum, head of theDivingDivisionat NUTEC, was
amember of theexpert committeeappointed by theMinistry
of Local Government and Labour toinvestigatethediving
accident aboard the semi-submersible ‘Byford Dolphin’.
In this article, Tonjum summarizes the findings and
recommendationsof thecommittee, whichreported earlier
thisyear.

Almost oneyear ago, in November 1983, aseriousaccident
occurred in the diving system of the semi-submersible
‘Byford Dolphin’ on the North-East Frigg Field in the
Norwegian sector of the North Sea. Four divers and a
member of the surface personnel lost their livesasaresult
of the accident and a sixth man was seriously injured.

How could suchan accident occurinamodern vessel, with
trained crew and given the wealth of regulations and
procedures which should cover every eventuality? To
answer this and similar questions, the Ministry of Local
Government and Labour immediately appointed a six-
man expert committee which was given the mandate of
investigating the circumstances which surrounded the
accident, and if possible, of ascertaining its causes. The
committee was also asked to consider whether the
appropriate regulations had been followed and whether
these regulations and procedures should be improved.

Sequence of Events

Theaccident happenedastwodiverswerebeingtransferred
at apressureof nineatmospheresfromthedivingbell tothe
hyperbaric chamber complex. A further two divers were
restinginthechamber complex, andall doors, both between
thebell and the complex, and between the chambersof the
complex, were open.

The bell was secured to the chamber complex connecting
trunk by means of ahinged clamp, which was placed over
the mating flanges of both units, and manually tightened
by a bolt and nut at the open ends of the clamp arms. At
some point during the transfer procedure the clamp was
loosened, andthepressuredifferential betweenthechamber
complex and the outside atmosphere blew the bell away
from the chamber. The pressure inside the chamber
immediately fell to one atmosphere, killing al four divers
inside. Two diverswho were acting as surface crew were
serioudly injured by the bell as it blew off the chamber
flange; one of them died as a result of the accident.

No M echanical Defects

The clamp which should have held the bell flange tight to
the flange of the connecting trunk was examined after the
accident. No material defects were found, apart from a
slight deformation, believed to be due to the explosion
itself. The accident was thus not caused by a mechanical
fault. Infact, the nut on the bolt which held the two ends
of the clamp together was compl etely unscrewed whenthe
clamp was examined, suggesting that the clamp had been
loosened manually, presumably by one of the surface
crew.

Human Error

This appears to be confirmed by the surface crew diver
who survived the accident, who noticed his companion
unscrewingthenut ashereturned from performing another
errand. Theexpert committee concluded that the accident
was due to human error, and that the surface crew diver
who was killed in the accident, unscrewed the clamp
locking nut before the door to the chamber complex had
been closed and the tunnel depressurized. Whether hedid
so by order of thediving supervisor or on hisowninitiative
isnot clear.

Warnings and Regulations

Thediving proceduresand saf ety manual usedinconnection
withthe‘Byford Dolphin’ diving spread makesit clear that
diver transfer entail sproceduresrequiring special careand
attention to correct procedure.

The 1982 revision of Det norske Veritas regulations
regarding the technical arrangements of diving spreads
included arequirement that it should beimpossibleto open
the mechanism connecting chamber and bell while the
connecting trunk is pressurized. Such modification,
however, had not been implemented on * Byford Dol phin’
at thetime of theaccident. At thetime of the accident, the
changeinVeritas regulationshad not beengivenretroactive
effect, and the diving company had no specific plans to
introduce the modification.

Improvementsfor the Future

The expert committee recommended that the chamber
system should be modified to prevent separation during
pressurization. A further suggestion on thetechnical side
wasthat doorsbetween chambersshould bekept closed, or
at least that asystem should beinstalled to ensurethat they
would close automatically in the case of a pressure drop.

Clearly defined operating procedures should be worked
out and adhered to, and conversations between diversand
chamber operators should be recorded during transfer
operations.

Theresponsibility for various aspects of safety should be
moreclearly defined, and diving safety committeesshould
begiven amoreformal statusin order toincreasethelevel
of preventative safety activity.

The committee made several other recommendations of
moregeneral character, andin conclusion, pointed out that
whiledivingisusually regarded asadangerousoccupation,
this particular tragedy occurred after the divers had been
brought to the surface and were entering a rest period,
during whichtimethey ought to have been ableto feel that
they were in safe hands.

Reprinted by kind permission of the Editor from
NORWEGIAN UNDERWATER RESEARCH NEWS, Val.
5, Nos 2-3, 1984.



OXYGEN FIRE IN A HOME MADE ADAPTOR

Des Walters

Thefollowing isrecounted in the interests of diver safety
and in the hope that others will be able to avoid errors
associated with the carel ess use of oxygen apparatus.

A training exercisewasbeing conducted by the New South
Wales Volunteer Rescue Association involving 20 divers
inaseries of exercisesover two days. Activitiesincluded
simulated body recovery and responsesto simulated diver
emergencies. In keeping with current safety proceduresa
“D” size oxygen cylinder was available for use and was
utilised in the training programme without incident on the
first day when acommercially avail able Bendeez adaptor
and adiving regulator were used to administer oxygen.

The cylinder’s use on the second day produced a more
dramaticeffect. The Bendeez adaptor wasnot availableso
ahome-madeadaptor comprisingaK valvewithastandard
CIG oxygen bullnose coupling attached was employed
with the same regulator that had been used the previous
day. When the cylinder and valve taps were turned on
sparks erupted from the water sensing holes in the first
stage. They started likeasparkler on bonfirenight and got
progressively stronger likeaMount Vesuviusfire cracker
as the oxygen carved out the parent metal. | kicked the
cylinder away and a small explosion occurred. The fire
abated and the cylinder valve was turned off.

Within secondsthe noise and firehad stopped and all | had
to show for it was an accelerated heart beat, a case of
“sunburn” onarmsandface, andaT-shirt full of holesfrom
the sparks.

Theregulator wasdestroyed. Thefirehad been so hot that
the brass surface of the valve was burned away where the
regulator mated with it. The 1st stage filter and the “O”
ringwereconsumed, asthefirehadjettedintotheregul ator.
The Delrim piston was melted, as was most of the teflon
HP seat. The flame created a5 mm diameter hole in the
body of the 1st stage. Thestainlesssteel stem of the piston
was either gected from this hole or consumed. The
neoprene and fabric in the pressure gauge hose was burnt,
and the hose wasfilled with soot. The hoseleading to the
2nd stagewasintact, but filled with soot. Thedownstream
valveshad been forced open and the 2nd stage mouthpiece
was stained with soot. | have no doubt that if the regulator
had been in a diver's mouth the result might have been
fatal.

| was understandably alarmed by this potentially lethal
accident and was keen to ascertain the cause. | made
preliminary enquiries of Jm Agar (of Airdive), Dow
Corning (who had supplied the lubricant in the regulator),
CIG, CSIRO and Bob Sands (of Bendeez). Thelatter was
contacted becauseof theresearchhehad doneindevel oping
the Bendeez adaptor and hismany industrial and technical
contacts.

DISCUSSION

In considering why thisfire occurred when using ahome-
made adaptor but not while using the commercially
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produced Bendeez adaptor the following points are
important.

Theregulator had just been serviced by the manufacturer,
theoctopusandtactilegaugeswerebrand new, andtheunit
had not been used prior totheweekend. Thefactthat itwas
used the previous day indicates that it was unlikely to be
the cause. It isdoubtful whether any regulator, even one
dedicated to oxygen, would have withstood this firey
onslaught.

The lubricant used in the regulator was a Dow Corning
Compound 7 or 14, which is widely used for regulator
service. Dow Corning is adamant that this compound is
unsuitable for use with high pressure oxygen or high
pressureair! Cheaper [ubricantsare consideredto beeven
more dangerous (eg. vaseline, petroleum jelly).

Theadaptor valvewasthe difference between troublefree
useonthefirst day and the potentially disastroussituation
on the second day, and possibly the key to the problem.

The requirements for combustion are known to all who
have done basic science. They are oxygen, heat and fuel.
Oxygenwasavailableinabundance. Heat could havebeen
produced in two ways within the system used, either by a
rapid pressure increase or by turbulent gas flow.

Oxygen delivery using the home-made adaptor required
theturning on of two taps, one on the oxygen cylinder and
oneintheK valve. | turned on the oxygen cylinder first,
then the K valve. Thiswould produce a sudden pressure
increasewithintheK valveanditispossiblethat sufficient
heat was generated to cause afire, which jetted into the
regulator when the K valve was opened. That the source
of thefireseemsto havebeentheK valve seat supportsthis
theory.

Heat can be produced by turbulent gas flow. Here the
home made adaptor may be at fault when compared with
the Bendeez adaptor which has been designed to reduce
turbulent flow to a minimum. But heat produced by
turbul ent flow doesnot explainwhy thehome-madeadaptor
had been used many timeswithout any problemsupto the
incident described here.

Thefinal requirement for combustionisfuel, and herethe
pictureisnot so clear. Somethinghad tobefuel for thefire
and my suspicion isthat it was the silicone lubricant. All
authorities contacted were quick to point out the
unsuitability of the commonly used lubricants for high
pressureoxygen, and that aregul ator preparedfor air isnot
suitable for oxygen. But this does not explain the many
thousands of times the Bendeez adaptor has been used
without any problems whatsoever! In fact on the recent
“Pandora’ expedition the Bendeez adaptor was used 647
times without incident.

So the explanation of the occurrence seems to be a
combination of factorsnot present when usingthe Bendeez
but occurring when the homemade adaptor was used.

First testing hasnow been compl eted by Bendeez engineers
and by the CIG laboratory. While it is difficult after the
fact to find the cause, both agree the fire started in the
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adaptor and CIG believe the cause to be a contaminant.
Theview issupported by thefact that the fire abated when
the fuel was consumed. When the oxygen cylinder was
checked after the fire it still had over 1000 psi in it.
However, the contamination theory does not explain how
the adaptor had been used without incident previously.
Wasit acontaminant or wasit thesilicone? Wemay never
know, however clear guidelinesfor theuseof high pressure
oxygen emerge.

GUIDELINES FOR THE SAFE USE OF OXY GEN

1. Never use oxygen near heat or flame, which includes
people smoking.

2. Only use lubricants recommended as suitable for use
with oxygen. Thismay not be aseasy asitistowrite,
as Dow Corning say that they do not have a lubricant
suitable for oxygen or high pressure air.

3. Turn oxygen cylinders on slowly. This reduces the
heat caused by sudden compression of the gasinside
whatever is attached to the oxygen cylinder.

4. Home-made adaptors should not be used.

5. Regulators used with oxygen should be scrupulously
clean, and should besealed until requiredfor useasany
contaminant, oil or grease, can be a source of fire.
Remember that even using aprepared or new regulator
on an ordinary scuba cylinder could contaminate the
regulator with oil residue from a dirty compressor.
Experts recommend that oxygen regulators be
unlubricated and fitted with specia “O” rings (as
neoprene burns at a relatively low temperature).
Consider using a regulator that has been designed
specifically for oxygen use, eg. the Airdive Dedicated
Oxygen Regulator or a CIG Oxygen Mini-Reg with
flow meter, mask and reservoir bag to deliver 100%
oxygen.

6. All diversshould betrained to use oxygen and oxygen
equipment asthisispossibly thesinglemost important
lifesavingmeasurefor all divingaccidents. Remember,
oxygen only becomes dangerous when mishandled.
Perhapsthistraining should becomemandatory aspart
of al basic diver training?

I will concludeby thankingall thosewho haveassisted this
investigation, in particular Bob Sandswhose Bendeez was
NOT responsible for the incident.

COMMENT
| congratulate Des Walters on his excellent paper.

This frightening demonstration of the fury of combustion
in a pure oxygen atmosphere should not blind readersto
the real value of post-dive oxygen (100%) in the
management (and prevention, as on the Pandora
expedition) of diving casualties.

Like the author, | have often used a made up adaptor
similar to the one mentioned above. However | have

ALWAYShad the adaptor tap fully open beforeturning on
the oxygen cylinder.

This procedure means that instead of a ml or less of gas
being rapidly compressed, as happened in the above
incident, a much larger volume is compressed slightly
more slowly so generating less heat, and as it is being
compressed some gas is escaping into the low pressure
side of the regulator so removing heat.

| think that Des Walter’ sguideline 5 could jeopardise the
readyavailability of oxygenfor divingcasualties. Murphy’s
Law suggests that when the equi pment was needed either
the oxygen or the dedicated regulator would not be
available! UsingaClG OxygenMini-Regwithflowmeter,
mask and reservoir bag cannot be guaranteed to deliver
100% oxygen unless positioned by an anaesthetist or
someonewith asimilar training in getting an airtight seal
with amask. Very few divers have had thistraining, and
beards make the seal almost impossible to obtain.

For these reasons | prefer to continue to take a D size

oxygen cylinder with a Bendeez adaptor already screwed

into the outlet with me when going diving, and attaching

anyavailableregulator iftheneed arises. | believetherisk
of afireislow enough to be acceptable.

John Knight

Melbourne

Ed. This paper appears to have been submitted to more

than onejournal. Itisprinted here because of itsinterest
and importance.

AIRLIFT SERIOUSLY INJURES DIVER'S ARM

JC Fine

Pirates, sharks and legendary curses are the least of a
treasure diver’s perils. The real danger of seriousinjury
comesfrom the use of machinery and equipment on board
ship and in the water.

While many stories about successful amateur and
professional underwater treasure hunting venturesabound
inpopular divemagazines, therearefar moreunsuccessful
ventures where one of the unfortunate diversisthevictim
of an accident.

It standsto reason that working with and around machinery
thatisdesignedtoemploy forceonthesurfaceor underwater
requiresspecial trainingand precautions. All toofrequently,
sport diversset about fabricating or buyingtreasuredigging
equipment without ever having professional training inits
use.

Underwater demolition and blasting devices, hydraulic
tools, welding and cutting equipment, airlifts, lift bags,
water jetsareall toolsused in underwater treasure hunting
work. All are potentially dangerousto adiver.

Recently afreak accident seriously injured a professional
salvage diver. The piece of equipment he was using is
often considered relatively harmless by most treasure



divers and safety precautions with its use may be
overlooked.

Geno Robeson was working at 80 feet in the Gulf of
Mexico using aprofessional helmet with surface supplied
air. Hewasdigging ore out of the bottom of asunken ship
with an airlift. 1t consisted of a four inch diameter tube
made of PV C-like material along the outside of whichran
ahigh pressureair hoseconnected to apowerful compressor
onthesurface. Thehigh pressureair shootingintothetube
near working end creates a vacuum in the airlift which
sucks material off the bottom and carriesit to the surface
whereit is sifted and screened.

Geno Robeson was wearing neoprene gloves and a thin
wetsuit. Somehow his hand got directly in front of the
airlift tubewhilehewasfanning oretowarditsmouth. The
powerful airlift sucked his hand and arm into the tube.
Because the diver was wearing the neoprene glove and
wetsuit, hisarm madeaperfect seal inthepipe. Thediver's
armwascaught inthelift. Robeson described thepain: “It
liked to pull all the blood out of my body. | never felt pain
like that in my life”, he said.

Although the airlift was shut down and Robeson could
communicate with the men on the surface through the
hel met communi cation system, thesuction continued even
after shut down and Robeson could not remove his arm
from the airlift. The diver surfaced where the tube had to
becut off hisarm. In spiteof the pain, Robesonhadto enter
thesupport ship’ sdecompression chamber beforehecould
be evacuated to the hospital. His hand and arm were
swollenseveral timesnormal size. Whenfinally evacuated,
surgery had to be performed to releasetheblood trappedin
the diver’s swollen arm by the suction.

This accident involved a highly trained and experienced
professional diver. Using underwater salvage equipment
waspart of hisjob. Noneof thismadethefreakishaccident
any moreavoidableperhaps, but it emphasizestheneedfor
awareness for sport divers tempted to fabricate and use
salvage equipment underwater.

Signs at construction sites which proclaim: THIS IS A
HARD HAT AREA, could just as well apply to most
underwater salvage and treasure hunts. They are “Hard
Hat Jobs’, better left to professiona Hard Hat divers.
Remember too that professional diversare®working” and
that their job related injuries are covered by Worker's
Compensation Insurance. Sport divers may betaking the
samerisks only to find that any resultant injury is a sport
injury, not covered by their insurance. It pays to check
before plunging into a potentially dangerous situation
unprepared and uninsured.

Thisarticle originally appeared in CMASBulletin News,
No. 139, January 1984, to whom we are indebted for
permissiontoreprint. Thetextisprinted asitappearedin
the original.
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WATER BLASTER INJURIES

Tim Everest
Singapore

The water blaster operating at ten thousand pounds per
sguareinch, or more, asbecomeastandard piece of diving
equipment. Before any inspection, bolt removal, anode
replacement or non destructive testing can be carried out
the subsea structure usually has to be cleaned. The most
efficient way to do thisisto water blast, followed, in some
caseshy either wet or dry sand blasting (whereregul ations
permit).

Thereareno hard and fast rulesgoverning the operation of
water blasters under water. The Department of Energy
(DOE) (UK) regulations make only one firm
recommendation, that the end of the barrel/nozzle must be
at least one metre away from the trigger. | have been
unable to establish whether there are any regulations
regarding the trigger mechanism, most manufacturers
supply blast guns with a“dead man” style trigger which
causestheguntodump or unload thepressureasthetrigger
isreleased. However, | haveseengunsinthefieldwiththe
triggers taped down with duct tape, and others supplied
two pieces of pipe and anozzle at each end, to be “made
hot” from the surface.

Asaresult, inaperiod of three months (450 engine hours)
three divers were injured while using the blaster,
documented with three sets of crossed fins painted on the
side of the unit!

Injuries caused by high pressure water are often serious
even though the superficial damage may not look severe
initially. In the business of hiring out water blasters, my
two units have collected the end of an index finger, a
severely infected foot with the loss of feeling in two toes
and one lacerated forearm! Thislatter injury was caused
by the retro tube being incorrectly fitted and falling off.
Thediver failedto check thegun prior to enteringthewater
and did not check it prior to engaging the trigger.

On coming out of the water he had a wound similar in
appearanceto aburn, with the skintorn off and alump the
size of ahen’s egg beneath the skin containing sea water.
The diver required along decompression and by thetime
he came out of the pot the lump had almost gone, although
he complained of numbnessin threefingersand apatch on
the back of hishand. The supervisor wasin a quandary,
trying to decide whether the damage was due to the water
blasters, BS or a bend. It was eventually decided that a
watch would be kept on thediver and hewas sent off shift.
| talked with the diver last night (48 hours after the
accident) and took alook at the wound. The egg shaped
swelling has gone, the half inch wide by two inch long
wound hasascab, almost black, alongitslength. Thescab
is surrounded by an area of red inflammation extending
about threeinches up and down hisarms. | suggested that
heseeadoctor but thiswasrejected out of hand, heisa“day
rater” and at the moment work ishardtofind. Feeling has
returned to his hand and except for afeeling similar to a
torn muscle he claims to be fit to dive.
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Some employers, supervisors and DMT’s may not be
aware of the potential for severe tissue damage resulting
from a water blaster accident. Over the past few years |
have seen somehorrific damageinflicted by water and grit
blasters. InBrunei, adiver somehow placed the gun under
hisarm and pulled thetrigger, injecting dirty seawater and
copper slag into his shoulder socket! The reader can
imagine the trauma caused by this type of accident.

Thisarticlemay still fail to get themessageacrossstrongly
enough. Wouldit not bepossiblefor someoneonyour staff
whoisbetter qualified than | to deviseaset proceduresand
lay down some standards for the use of water and grit
blasters underwater.

TRIAGE Editor’ s Note:

Despitetheconstant war ningsby equipment manufacturers
andindividual diving contractorsguidelines, suchinjuries
are clearly on the increase. Readers are referred to
TRIAGE 4 (October 1983). Page 13 outlines both the
treatment of HP water jet injuries and details of the
Association of High Pressure water jetting contractors
publication “ Code of Practice” .

Reprinted by kind permission of the Editor from TRIAGE,
thenewsl etter of the National Association of Diver Medical
Technicians, No. 9, January, 1985.

DISABILITY + KELP = DISABLED

The victim was diving with his coach when he became
caught up in kelp in about 10 feet deep water. He had
largely lost the use of his right leg because of polio and
apparently tended to use his arms as his main form of
propulsion. When his arms became immobilised by the
kelp he was freed by his coach but about 3 feet from the
surfacehisright leg became entangled and again hiscoach
began to cut him free.

At this point the victim panicked and let hisregulator fall
from his mouth. The coach attempted to inflate the
buoyancy compensator but found that the low pressure
hose had become detached so dropped thevictim’ sweight
belt instead. He then dragged the victim to the surface
before himself becoming entangled and having to call out
for assistance. The second rescuer, another student, also
dropped his weight belt and assisted the coach keep the
victim afloat. He stopped breathing and mouth to mouth
resuscitation wasimmediately instituted in the water. He
was unconscious for about 1 minute but rapidly regained
consciousness and resumed breathing after being brought
ashore.

COMMENT

Thick kelp can be hazardous even for experienced divers.
For apartially disabled, inexperienced diver the situation
can be particularly hazardous. It is to the credit of the
instructor and the studentsthat theincident was concluded
without ill effects. Panic is always lurking around the
corner and unless prompt, definitive, correct action is
taken by the rescuer the victim can rapidly succumb.

EDITOR

Readers may wish to consider the advisability of taking
pupils, particularly thosewith significant disabilities, into
such adangeroussituation. The unattached vest inflation
hose suggestsimperfect checking of the pupil’ sequipment
by the instructor. The margin between a “ well managed
response” and a “ most unfortunate incident” is terribly
dight.

Thisreportwaskindly madeavailableby the New Zealand
Underwater Association.

EVEN DIVERSWITH DISABILITIES CAN DIE

This fatality involved an overseas diving incident, the
victim being a man with two and a half years of diving
experience. Hisdisability wasanincomplete T5 paraplegia
which at the beginning of his diving career (May 1982)
required the assistance of two persons to walk him up a
short ramp. By February 1985 hewas abletowalk in full
diving gear on flat ground, using a cane to assist him and
without diving gear over logson the beach. He had by the
time of his last dive become an expert diver with 150
logged dives, which included an advanced course, and he
was taking an assistant instructor course.

Theeventsof thefatal diveevolved quietly. Thedivesite
was one the victim and his buddy knew well, though this
day the visibility was only fair to poor and there were
strong currents. Thepair divedtogether 3to 5timesaweek
and had done so for over ayear. Asafamily picnic was
planned the less experienced diver had loaned his diving
gear to another regular buddy as they had no intention of
diving. Sometimeduring theday it wasdecided to collect
crabsfor dinner. The more experienced diver, thevictim,
was suited up in his usual gear (regulator with octopus,
depth and pressure gauges) with the exception of using a
50 cu ft tank rather than his usual 80 cu ft tank. He was
weighted for slight negative buoyancy and had attached
his “goodie” bag to the right side of the buoyancy
compensator (BC). Theother diver used borrowed gear, a
50 cu ft tank (he usually used twin 50's) with aregulator
without a gauge. He had no buoyancy compensator
because none was available for him to borrow.

They wereregul ar buddiesand the second diver, asmoker,
wastheonewhousually ranshort of air first. Thediveplan
wasfor a30ft depth but it wasestablished by investigating
officers at the inquest that they must have been at
approximately 70ft. They had collected anumber of crabs
when thefirst diver signalled to hisbuddy that hewas|ow
onair. Buddy breathing procedureswereinstituted and the
regulator was successfully passed twice, then the donor
found hewas breathing water plusair (hisset did not have
anoctopus). Heremembersarriving at the surfacewithout
hisweight belt. A valiant effort wasmadeat rescuebut the
first diver did not surface and hisbody could not be found
by later searchers.

At theinquest it was stated that the donor regulator had a
crackinthemouthpiece. Deathwasrecorded as* accidental
drowning” and the Coroner made arecommendation that
all diversuse proper standard gear, including Jvalves, but
made no comment about the need for regular checking of
equipment for defects, or about the error of attaching the
“goodi€” bag tothe BC rather thanto the weight belt, or to



the dangers of over-confidence. A series of small errors
led to atragedy.

COMMENT

This diver had overcome great odds to become a scuba
diver and had become very experienced, and possibly
cameto believethat everything was possibleto him. Both
he and his buddy failed to recognise the import of the
smaller tanks they were wearing and the victim, who had
acontentsgauge, ignoredthewarningof alow air situation.
Had he followed training and commenced his ascent then
there would have been no incident and he would be still
alive. Naturally when heran out of air the buddy wasalso
low on air and the double demand on the dwindling supply
quickly exhausted what remained. That the buddy only
receivedthewater and air mixtureat thistimesuggeststhat
the reported leak was not a significant factor in the fatal
outcome. It was not stated whether they started to ascend
immediately or had attempted to establish a breathing
rhythm first. Nor was any reason given for the failure to
inflatethe BC (type not stated). Itisdebatablewhether the
Coroner was correct in believing a J valve to be a safety
factor for divers. A contents gauge which if used
intelligently isabetter guarantee of having adequate air at
theend of adive.

It was not his disability which killed him but rather his

failureto realise that he was only human and that the sea
does not play favourites.

DIVING SAFETY MEMORANDA

Department of Energy
Diving Inspectorate

Thames House South
Millbank London SW1P 4QJ.

DIVING SAFETY MEMORANDUM NO. 2/1985
SHOCK HAZARD FROM IMPREST CURRENT
ANODES

10 January, 1985

1 A reassessment of underwater electrical safety
criteria suggests that imprest current anodes do not
congtitute a hazard to divers providing that the voltage at
the anode does not exceed a nominal 24 volt DC.

2. This implies that if the power is derived from a
rectified AC source, adequate protection must be provided
to trip supply if:-

(a) the higher primary voltage breaks through to the
secondary circuit; and

(b) theripple on therectified DC exceeds 5%, eg. due
to phase failure.

3. Providedthat theseprecautionsaretakenimprest current
anodes need not be switched off when divers are
working in their vicinity. However, operators may
consider reducing the voltage to 6 volts.

4. Thisnote effectively cancels the two previous Safety
Memoranda Nos. 12/1976 and 9/1977.
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DIVING SAFETY MEMORANDUM NO. 3/1985
MONITORING OF CO, LEVELSIN DIVING
BREATHING GASES

April 1985

During the past 12 months reports have been received of
incidentsin the UK sector of the North Seawhere divers,
using the diver return line breathing system have been fed
breathing gas contaminated with carbon dioxideto alevel
which, if immediate action had not been taken, could have
been hazardous. Theseincidentscan beattributabletothe
existing method whereby samples of breathing gas
contained in the divers' return line breathing system loop
are periodically collected and analysed for levels of CO.,.
This procedure fails to provide the dive controller with
immediate warning of any contamination.

Theattention of all diving contractorsisdrawn to the need
to ensure that all breathing gas suppliesto the diving bell
and divers, when utilising thedivers’ return linebreathing
system, should be continuously monitored for carbon
dioxide content and should be fitted with a visua/audio
high level CO,aarm system.

DIVING SAFETY MEMORANDUM NO. 4/1985
GUIDANCE ON MAXIMUM PLANNED
DURATION OF BELL RUNS

April 1985

It is becoming apparent that the recommended maximum
bell run time of 8 hoursis being ignored. (Diving Safety
Memorandum No. 9/1982.)

Extension of bell runs beyond 8 hoursis considered to be
unsafe diving practice and, except in emergencies, is
unacceptable. Bell runs should be planned not to exceed
8 hours including the necessary time for pre-dive bell
checks and travel to and from the worksite.

Individual diversshould not do morethanatotal of 4 hours

lock-out in any bell run and it is recommended that they
have at least a 12 hour rest period in each 24 hours.

Commander SA Warner

Chief Inspector of Diving

THE HANDICAPPED SCUBA ASSOCIATION

The Handicapped Scuba Association, a non-profit
organization that speciaizes in teaching scuba diving to
people with physical disabilities, recently produced its
own 20 minute documentary, “FREEDOM IN DEPTH".

The film, hosted by famed oceanographer Jean-Michel
Cousteau and starring 19 handicapped divers, dramatically
depictswhat the HSA hasbeen accomplishing for the past
10 years, bringing the self-image enhancing benefits of
sport diving into the lives of paraplegics, quadriplegics,
eventheblind. SaysJim Gatacre, NSA Program Director,
“Becausewater permitsthree-dimensional movementina
gravity-free environment, diving is an ideal sport for
people with impaired mobility on land”.
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Beginning in 1975 as astudent group on the University of
Cdlifornialrvine campus, the HSA isrecognized today as
the world’s leading authority on handicapped diving.
Over ayear ago Gatacrerealized that communicating over
such great distances and to such divergent cultures as
Japan, New Zealand, Denmark and others, demanded a
unifying medium to carry the message beyond differences
of nationality and custom. “FREEDOM IN DEPTH"
became that unifying medium.

Funded almost entirely by the Diving Equipment
Manufacturers Association (DEMA) and Professional
Association of Diving Instructors (PADI) the film is an
upbeat, action-packed adventuredestinedininspirenovice
divers, challenge experienced ones and entertain us all,
divers and non-divers alike. If you are able-bodied
“FREEDOM IN DEPTH” will make you re-assess what
you presumed were the limits of physical capability. If
you, or someoneyou careabout, ishandicappeditwill urge
you (or them) tolook within and listento the private voice
that says, “Youcandoitif youreally wantto!” ThisHSA
film provides proof positive that handicapped people can
scuba dive safely and skillfully. [t takes viewers on an
exciting and unprecedented discovery of human spirit, one
that progresses from initial pool training, to mastery of
beach entries through the surf, to the peak experience of
exploringacentury-old merchant ship, submerged beneath
100 feet of ocean water.

To order “FREEDOM IN DEPTH”, whichisavailable as
either avideo cassette (VHSor BETA) or a16 mmfilm, or
to request further information about the purposes and
projects of the HSA, please write to:

Handicapped Scuba Association
1104 El Prado

San Clemente CALIFORNIA 92672
USA

Telephone (714) 498-6128

DISCLAIMER FOR LIBEL

Thefollowing disclaimer issaid to have been publishedin
Brief, the West Australian Law Society’s magazine, in
reaction to Australian libel laws. Its sentiments are not
unknown to any editor who receives an angry
communicationfromsomeaffronted reader. Just substitute
theword“SPUMS’ for “Law Society” and take thewords
to heart:-

“ The views expressed in this column are not those of
theLaw Society. Infact, thesoci ety expressly disagrees
with each and every allegation and denies publishing
or republishingitor them. Theviewsexpressed arenot
thoseof theauthor. Inany casehe-she-it hasnomoney
andisnot insured for anything. No breach of the Sex
Discrimination Act, the Trade Practices Act, the
Criminal Code or the Indecent Publications Act is
intended or admitted.”

Should any reader actually approve of anything published
in the SPUMS Journal they are permitted to ignore the
above disclaimer and send a sworn affidavit to that effect
to the editor.

RESEARCH DEVELOPMENTS FROM THE FIELD

Dick Clarke

Dr Sem-Jacohson, apioneer of early jet aviation and space
research in both the United States and Europe, has, in
recent years, turned his attention to commercial diving
operations. With an introduction to deep diving, the Sea-
Lab projects and early saturation dives in the Gulf of
Mexico, Dr Sem-Jacobson becameincreasingly disturbed
at the high accident/incident rate associated with the
offshore diver, particularly with the frequent absence of a
clear cause.

Monitoring in the Field

Subsequent to hissurvey of morethan 40fatalitiesand 200
cases of aloss of consciousness while under water, in the
North Sea alone, a program of biomedical monitoring of
the working diver was developed, that would include
‘field’ tripsof uptoten daysat atime (recognized by many
DMT’ s, nodoubt, asextremely uniqueand most wel come).

Accompanied by two female Norwegian assistants (who
certainly must be credited with helping to get everyone's
attention, and made probe and electrode placement less
discomforting and almost exciting), Dr Sem-Jacobson set
out to learn morein the following areas:

1. Physiological fluctuation of the diver’s aertness and
efficiency at various depths and during saturation
dives of various durations.

2. Physical and mental load/overloadduringair and mixed
gas operations.

3. Diving accidents and standardization of proceduresto
combat themost common acci dent cause, humanerror.

4. Improvement in the diagnosis and treatment of
decompression sickness via Brain Evoked Response
examination.

To permit such monitoring during working dives, coax-
cables were taped to umbilicals supplying the surface
diver, diving bell and both bellmen. Additionally, amulti-
pin penetrator was fitted to each storage/decompression
chamber. All monitoring and testing was designed to take
place on anot-to-interfere basis, to ensure client approval
and to maintain operational efficiency.

Alertness testing during saturation dives produced
surprising results (aertness had long been considered a
downward gradient with time, and a basis for limiting
saturation exposures). Following a marked instability
during the first two to four days, with response time to
auditory stimuli varying between 120-275 milliseconds
(from surface controls averaging 140 ms), a general
improvement was seen. So much so, that by sevento nine
days all subjects had plateaued out at close to control
levels.

These levels were maintained for the duration of the
longest exposure monitored (20 days).
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Underwater, it was again the air diver (already a greater
risk of CNS decompression sickness than his gas diving
counterpart) that indicated significant physical overload
and stress. EK G monitors detected heart rates of between
175 and 200 for periods of 60 to 90 minutes in half the
subjects, while working between 30 and 130 feet (Figure
1). Dr Sem-Jacobson considered thisfinding of particul ar
importance and a possi ble contributing factor in episodes
of loss of unconsciousness.

“Armchair” Diving

Excursiondivesfrom storage, evenwith prolonged bottom
times (greater than eight hours), as anticipated, failed to
indicate similar degrees of stress (Figure 2). Heart rates
rarely exceeded 120, an exception being the bellman’s
during routine recovery of the diver (Figure 3), thereby
adding support to the popular contention that saturationis
essentially “arm chair” diving for the semi-retired!

Decompression sickness may produce a number of signs
and symptomsnot alwaysreadily detected at thework site.
Associated oedema and oedema resulting from hypoxia
and other mishaps can contrive to interfere with gas
exchange, even after initia therapeutic compression.

In order to better examine the brain and brain stem, and to
provide objective information, Dr Sem-Jacobson, in
conjunction with researchers at Scripps Institute in
Cdlifornia, developed a small portable Brain Evoked

Responseunit. Thisrecent developmentinneurophysiology
has permitted direct examination of the brain stem and
central brain area under operational conditions.

Cerebral “Fingerprint”

To be of greater value, a baseline BER recording under
normal conditionsisnecessary. Thiscanbeattachedtothe
diver's log book and will provide a permanent record
(essentially, the diver’s cerebral “fingerprint”).

The value of such an examination was realized somewhat
sooner than expected. Threediversdecompressingfroma
saturation exposure wereinadvertently switched to apure
helium atmosphere. Unconsciousness was resolved by
rapid compression, using heliox, and intervention by a
DMT appearedto stabilizeall threemen. Dr Sem-Jacobson
happened to be in the general vicinity, and arrived at the
diving support vessel, by helicopter, in amatter of hours.
Hisequipment was hooked up viathe multi-pin penetrator
(a case for such a permanent fitting on all chambers).
Comparing the post-hypoxic BER's to baseline records,
two of the divers appeared normal. In the third, who had
been unconsciouslongest, marked pathol ogical indicators
were in evidence and a distinct probability of cerebral
oedema existed. Follow-up BER's provided a basis for
determining thelength of timethe diver wasmaintained at
treatment depth. Withintwel vehourshisBER examination
was considered normal (exactly matching his baseline),
and decompression was commenced, which proved




uneventful. Ascent prior toresolution could haveseriously
compromised off-gassing at the involved site.

Research on Working Divers

Dr Sem-Jacobson has demonstrated that meaningful
research data can be collected during working dives.
Hopefully, hiseffortswill lead to further such projects, as
some of the traditional barriers are eased, ie. divers are
becoming more willing subjects, realizing the value of
procedures not based entirely upon data collected from
goats, rats and dogs. Diving contractors are also less
resistant, realizing that if they cannot keep their own
“house” in order someone else (government agencies)
soon will.

Dr Sem-Jacobson has written a humber of reports based
upon his North Sea investigations, four of which are
particularly interesting and informative.

1. Efficiency and Safety in the North Sea (#160).
2. Operationa Diving in the North Sea (#165).
3. Monitoring Diversand DivingintheNorth Sea(#161).

4. Diving Problems and Diving Accidents in the North
Sea (#159).

Should you be interested in obtaining any of these
publicationsyou might try contacting Dr Sem-Jacobson at
the following address:

CW Sem-Jacobson

The EEG Research Institute
Box 9, Gaustad

Oslo 3, Norway

Reprinted by kind permissionof theEditor from* TRIAGE”

No. 7, July 1984, theNewsl etter of theNational Association
of Diver Medical Technicians.

WASDRDOOLITTLE RIGHT?

The one-time favourite of children, Dr Doalittle, claimed
to talk to the animals in their own languages, and many
non-mythical scientists have tried to speak dolphinese
(though still uncertain of how to do s0). Now Moynihan
and Rodaniche, American biologists at the Smithsonian
Institute’ sresearch stationin Panama, have postul ated that
squid use their amazing ability to change their body
markingand shapeasanon-verbal meansof communication
with each other. They distinguished a large number of
possible wordsin the form of colour patterns and/or body
contortionsand believethat these encode conceptswe call
nouns, verbs adjectivesand adverbs. They therefore have
started totest thishypothesi susingacomputer programmed
for linguistic analysis. Should their theory seem to be
supported by such an analysisthere will be awidening of
researchtoincludeother cephalopods. Itisaready known
that the appearance of blue rings on Hapalochlaena
macul 0sa means “leave me a one before you provoke me
too far”.
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PORPHYRIA VARIGATA, “FUNNY TURNS’, AND
DIVING

Robert M Wong

The patient was a 27 year old woman who as a child
suffered “funny turns’. She had no recollection of these.
From 1970 onwardsshehad episodesof major convulsions,
later thought to beinduced by sun or heat. A diagnosis of
epilepsy was made in 1971 and she was treated with
Valium and Dilantin. After an unfortunate incident of a
dog bite she developed a “funny” skin reaction and was
seen by adermatol ogist, whoreferred her toahaematol ogist.
It transpired that the girl had an aunt who had died after an
anaesthetic in South Africa and apparently thiopentone
wasused. Thegirl isof Dutch extraction and her paternal
grandmother wasaBoer. Eventually, in 1977, adiagnosis
of Porphyriavarigatawas made and advicegivento avoid
the sun.

Her convulsive episodes were all preceded by “auras’
consisting of dizzy turnsand asick feelingin her stomach.
Each episode lasted about 3 minutes and she was never
incontinent.

In 1977 aneurologist changed her medicationto Tegretol.
By 1980 she felt well and healthy and had not had an
epileptic attack since 1975 so decided to wean herself off
medication under the supervision of the neurologist.
However, her EEG remained abnormal.

Despite her abnormal EEG and history of convulsionsshe
waspassed as“ medically fittodive” by adoctor in January
1983 and undertook a Scubadiving course. Shewasagain
passed as “fit to dive” 18 months later, just prior to her
Advanced Diving Training, by thesamedoctor. Shedived
successfully without incidents.

In February 1985 she was diving in the tropics to depths
between 24 and 34 metresand completed 9 such dives. On
the 10th dive she snorkelled to 10 feet on 3 occasionsprior
to the scuba dive to 36 metres for 22 minutes. Visibility
was described as poor, the water was warm, and she
thought she had overstayed her bottom time. She felt
confused, could not seeher buddy, and thought shesuffered
nitrogen narcosis. Panic stricken she ascended “rather
faster than usual”, perhaps hyperventilating, and
decompressed at 10 feet for 10 minutes (USN Tables).
Back on board, 20 minutes or so later, while talking to
friends she convulsed in atypical epileptiform fit. There
was no warning aura. Afterwards she was confused,
disorientated, and suffered a headache and her memory
wasaffected. Normality returnedin2days. Sincethenshe
hasnot dived, hashad no further convulsions, hasnot been
on medications and has felt healthy and well.

It was confirmed by other diversthat the bottom time did
not exceed 22 minutes. AccordingtotheUSN Tablesa120
feet dive for 25 minutes required decompression of 6
minutes at 10 feet. If the RNPL/BSAC Tablesareused a
36 metre divefor 23 minutes requiresastop at 10 mfor 5
minsand at 5mfor 10 minutes, atotal of 15 minutes. The
RAN tablefor 36 mfor 25 minutesrequire decompression
stopsat 6 m and 3 m for 5 minutes each.
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DISCUSSION

Thiscaseisinterestinginthat thisgirl suffersfrom Porphyria
varigata, has what may be called “ arrested epilepsy” with
an abnormal EEG, and has enjoyed 2 years of troublefree
scubadiving. Thediveintroduced several adversefactors,
nitrogen narcosis, the stress of separation from her buddy
inpoor visibility water at depth, possible hyperventilation
andincreased oxygen partial pressurefollowed by a“rapid
ascent” which introduced the possible factors of
decompression sickness and cerebral air embolism. The
delay of 20 minutes between surfacing and suffering an
aura-less epileptic fit whose ill effects took 2 days to
completely resolve further complicates the differential
diagnosis. Therecannot bemany such diversintheworld.
Shehad no epileptic attacksfor 7 yearsbeforethisepisode
and had taken no prophylactic medication for 18 months
before commencing her 2 years of trouble free diving.

What wasthecritical factor? Wasit her metaboliccondition,
theCNSabnormality evidencedby theEEG, stress, nitrogen
narcosi s, decompressionsickness, or cerebral airembolism,
or wasit acombination of two or more of thesefactors? A
further important question iswhether it was reasonable to
consider her as medically fit to dive.

AND NOW FOR THE GOOD NEWS

Aninformation booklet available to visitorsto the remote
Northern Territory township of Nhulunbuy containsafew
warnings amost guaranteed to decrease tourism.

Under aheading“ Dangersfor theunwary” itreads: “ There
is always the risk of crocodile or shark attacks in the
estuariesof ArnhemLand, whilethevenomousbox jellyfish
is a deadly threat to al north Australian waters from
October to May.”

It continues: “ Several varietiesof coneshellsarefound on
thebeachesand among rocks, and although the coloursare
much admired by collectors, some of theshellscanasobe
killers. By inflicting atiny wound and pumping virulent
poisonintoit, acone shell can cause paralysisand death.”

After this cheery information the booklet goes on to warn
about snakes, water buffalo, and the dangers of eating reef
fish. The local Gove Tourist Promotions Association
really hasits work cut out.

Reprinted by kind permission of theEditor, TheAustralian.

Those thinking of attending the SPUMS Annual Scientific
Meetingin 1986 (4 to 13 June) will be pleased to know that
the above does not apply to the chosen venue (IBBIS
KAVEKAHOotel, at Cook’ sBay, Morea, French Polynesia).

DIVING SAFETY AWARD

The National Association of Underwater instructors
(NAUI) is soliciting nominations for the 1985 Leonard
Greenstone Diving Safety Award. The award was
devel oped and designed to encouragecontributionstoward
safety inall aspectsof diving. Itisadministered by NAUI,
but is not a program of the association.

The Greenstone Award Committee endeavoursto present
the award annually to arecipient fulfilling the established
criteria. A minimum sum of $500 is conferred.

Additionally, aperpetual trophy of Poseidon is presented.
Award presentations occur in conjunction with the
International Conference on Underwater Education (1Q).
If an award is deemed appropriate in 1985, it will be
presented at |Q 85in San Diego, California, in November
1985.

The Greenstone Award is intended to encourage
development of al forms of safety programs, equipment
and devices. Thisaward has, as an overall objective, the
total elimination of injuries or loss of life, relating to
underwater activities.

Theinitial endowment for the award was provided by the
founder, Mr Leonard Greenstone, NAUI 2336. It washis
hope that others throughout the sport diving community
would join in the pursuit of the award’ s objective.

The Leonard Greenstone Diving Safety Award is open to
ALL persons throughout the world, regardless of their
organizational affiliation. Members of the Selection
Committee areineligiblewhile serving on thiscommittee.

Theinitial contact for nomination shouldincludeastatement
of reasonsfor submitting the nomination, with an accurate
and precise explanation of the contribution, including
sketches or diagrams as appropriate, to substantiate the
contribution, asit relates to diving.

Previous award recipients include:

1974 - Merrill P Spencer, MD
1975 - Lee H Somers, PhD
1976 - Glen H Egstrom, PhD
1977 - Charles V Brown, PhD
1978 - William L High

1982 - Jefferson C Davis, MD
1983 - Arthur J Bachrach, MD
1984 - Walter Hendrick 111

To submit a nomination, information, contact:

Greenstone Committee
NAUI Headquarters
PO Box 14650
Montclair

California 91763

USA



