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EDI TORI AL

There are two matters of nmpjor interest to all divers, even those | east interested
in the theory of diving. These are deconpression sickness and how to prepare for
the possibility of running out of air at a rather inconvenient tinme, such as when
subrmerged at depth. Both these matters receive attention in this issue, though
naturally neither subject’s problenms can be considered to be entirely resol ved
t hereby. As Dr Bronowski so ably stated the matter, “There i s no absol ut e know edge.
And t hose who claimit, whether they are scientists or dogmati sts, open the door to
tragedy. Al information is inperfect. W have to treat it with humlity. That
is the human condition.” Nevertheless it is hoped that the fog of disputation wll
thin alittle after readers have gi ven due thought to the contents of this issue.
Al'l too often discussionof these matters causes onetorecollect FitzGeral d’ s fanous
transl ati on of Omar Khayyam

Mysel f when young did eagerly frequent
Doctor and Saint, and heard great Argunent
About it and about: but evernore

Came out by the same door as in | went.

It is hoped that readers will be left with a better appreciation of the conplexities
of diving problens, including the paucity of information fromwhich many cheri shed
beliefs originate. Al though many things are “self evident”, feware in truth deci ded
for all tine. Your comments and suggestions on these, and any other natters, are
wel coned. The pages are open to all to share opinions, information, conclusions,
and gossi p. And howthe nore wel cone if you can share a paper ready for publication!

Inthe matter of the “Free Ascent” controversy we have a fine range of contri butors,
each with a personal viewpoint. There is, remarkably, |ess division of opinion
nowadays than fornerly, though the reasons are probably a conmpound of fears for the
Instructor’s (Legal Liability) safety norethan out of any cl ear t hought and whol esal e
conversion to a One True Faith concerning safer diving. Information extracted,
legitimately or otherw se, fromNaval sources relating to SETT experience seens to
indicate that true “free ascent” is the nost dangerous nethod of training for an
energency ascent, it being far | ess dangerous to ascend with a nout hpi ece avail abl e
and some buoyancy assistance. It is to be noted here, as in the whol e gamut of
Medi ci ne, cases will range in severity fromthose barely detectabl e except by the
enpl oynent of special apparatus to cases where death unnmi stakably attests to the
exi stence of sonme pathol ogy. It is perhaps soberingtorealisethat even conpression/
deconpressionina Chanber canresult inAir Enbolism Dr Harpur has applied know edge
of the possibility (certainty?) of airways closing during the exhal ati on of ascent
tothe old information that an “enpty” tank may yet have a useful breath or two | eft
init as the surface is neared. It is now the fashion for Instructors in nmany
organi sations to treat ascent as sonet hing requiring special teaching attention and
to have their pupils practice out-of-air ascending up fixed |ines while wearing full
equi pment and wi th t he nmout hpi ece held in the hand. This, though hardly a sinul ation
of an Enmer gency situation, seens to be areasonabl e conproni se position at the present
time. The RAN seemto have worked out a near conpromise in this training but not
one that is available to the conmon run of divers. It will be interesting to read
case reports of any oxygen enbol i sminci dents that may be recogni sed i n RAN per sonnel
over the coning years.

One areawherenoreinformationisrequiredisthat relatingtothe reasons why divers
need t o nake ener gency ascents. The pil ot study undertaken and r eport ed by Doug Wl ker
i ndi cated that a nore w despread and intensive approach to divers could turn up
extrenmely useful information. It is hoped that readers will contact himon this
matter. After all, there nay exist a possibility that a change in basic training,



equi pment desi gn or divi ng procedures, or even the nini mal equi pnent a careful diver
woul d al ways have, coul d be suggested were our i nformati on nore accurate. The vest
out-of-air, or other, Emergency is the one that never devel ops. M Peter Harrigan,
our Honorary Cartoonist, has caught the essence of the dispute over the training
dil enma Instructors face and we are again grateful to himfor his contribution to
bot h our armuserment and our enlightennent.

W are honoured to have an article fromProfessor Hills. Heis aworldrenowned expert
on deconpressi on natters and even those who tend to get a gl azed | ook when faced with
formul ae fromthe netaphysical reaches of nathematical nedicine, |ike your Editor,
can gain much fromreading him And the Check List for possible cases of DSis to
hel p recognise the critter if it does occur!

Commander Wrner has presented a paper for coments and t hese can be sent either via
the Editor or directly to himat the Department of Energy (Petrol eum Engi neering
Di vi si on), Thanes House South, M| bank, London SWP 4QJ, United Kingdon). It is
hoped that someone will make the effort to reply, for the sharing of thought and
experience between different areas of the world will inprove safety. Safety is, of
course, Commander Warner’s main concern and this report of his 1978 talk i n the USA
denonstrates his concern. The Mel bourne meeting simlarly dealt with safety,
denonstrating the conplexity of the problens as well as the interest in overcom ng
t hem

There seens to have been a sudden upsurge of active interest in the probl ens wonen
di vers face and a desire to determ ne the actual troubles specific to their sex that
have occurred. Till nowadvi ce towonen has been based on t heoreti cal consi derati ons,
an excellent basis only when the alternative is a blind guess. The Anerican wonen
divers are to be comrended in their present active attenpts to obtain information
directly fromthose i nvol ved. A recent NAU survey was sent personally to 20 of our
wormen menbers , and 9 replies were elicited. This conpares favourably with an
apparently nil response to a survey on Cctopus rigs distributed to sone nenbers of
an I nstructor organi sation at the sane tine. The papers taken fromthe | @ neeting
pre-date this survey and a report on the results will be published when avail abl e.
Inthisandother matters we are i ndebtedtoboththewiters andto NAU for perm ssion
to reprint their papers.

On aless fornal level, it is hoped that the m nor itens provide both amusenent and
at | east a nomentary pause while their relevance to diving is savoured. And finally
a f oot note fromour cartooni st, acontributionbeyondthe normal call of duty! Know ng
that nenbers, and even your Editor sonetinmes go on holidays naturally always in
associationwith their work, he has added hi s i deas on their possi bl e choi ce of travel
arrangenents.

Per haps we don't deserve it, but thanks all the sane!




DR VI CTOR BRAND WRI TES:

I must thank John Archdeacon for making an attenpt at sol ving the probl em which
posed in an earlier number of the Newsletter. He has arrived at an ingenious
expl anati on whi ch however, does not fit the facts.

Firstly, Laryngeal Spasmshows a characteristic picture of upper airway difficulty
with“crowng”. |I'mquitesurethat it was a case of deeper obstructi on- nost probably
Bronchi ol ar constriction

John i gnores the nost i nportant and serious fact that the diver | ost consci ousness,
this together with the respiratory difficulty can only indicate Barotrauma and
probably air enbolism

The expl osive onset of the condition is surely quite understandable. Visualize a
section of lung expanding to the limt of its elasticity and then bursting. | wll
cite an exanple to illustrate this fromny store of rancid rem ni scences.

The di agnosi s of Psychotrauma, by which | presume he neans panic, does not result
in acute syncope - the reverse is nost |ikely.

| agreethat it is apity that the equi pnent was not checked. The incident occurred
in a rather undevel oped area on the Gulf of Aquaba near Eilat, and the tank and
regul ator (a Poseidon) was mxed up with other gear while the diver’s head was
cl eari ng.

I would Iike to know whet her this sequence of events has ever been known to occur
i n any equi prent. John first supposes second stage failure and then | ater on first
stage failure

The incident that I would like to cite as an exanple of the explosive nature of
bar ot rauma occurred about 18 years ago when | was di ving with a group at Heron I sl and.
We dived to the bottomof the Wstari Channel about 120 feet (contents gauges were
not de rigeur inthose days). One diver ran out of air on the bottomand his reserve
valve jamed. He went up with the diving guide buddy breathing and I with them

Al was going very well until at about 20 or 15 feet where Boyle's Law showed its

teeth - the di ver coughed expl osi vel y and a bi g brown cl oud spread around us. Luckily
the victimhad no sequel ae to this burst |lung and was di ving again after 24 hours.

* * %k % * % % * *x % * *x * * %

HOW ANEMONEFI SH SURVI VE SEA ANEMONE NEMATOCYSTS

Doug Wallin has reported (Sea Frontiers, 24(1), 1978) recent studies of this
surprising survival of anemponefish in its chosen habitat. The nucus covering the
skin of each fish contains an i nhibitor chem cal that prevents the nematocysts from
di scharging. The fish acquire this ability after birth, lacking this i mmunity when
first settled fromthe plankton. This takes about an hour, during which time it
repeat edly brushes briefly agai nst the tentacl es. The anenone tentacl es thensel ves
must obvi ously containasimlar chem cal toavoi d stinging each ot her i ntoinpotence.

* * *x % * *x % * *x % * *x * * %



Energency Ascents: sone background information
Dr Dougl as Wal ker

A man soon di es unless supplied with adequate oxygen and purged of excess carbon
di oxi de and anyone so placed that his respiratory requirenents can be interrupted
at any nonent has a constant awareness, to a greater or |esser degree, of the need
for urgent action should such a problemarise. The nost obvious action would be to
rush for the open air, an option that may be difficult to put into practice in the
case of a diver underwater.

Such a person has not only a distance to travel to reach the surface, which takes
time he canill afford, but also a pressure differential to traverse that can prove
fatal under certain circunstances. Unl ess an alternative source of air can be
obtained rapidly he will be faced with a choi ce between the possibility of suffering
a “burst lung” during an energency out-of-air ascent and the certainty of drowning
shoul d he renmai n underwater. Should panic intervene the victimwll be unable to
nmake any rational decision and forfeits his chances of survival, therefore training
nmust be designed both to reduce the chances of such situations occurring and to
i ncul cate a pl anned reaction so thoroughly that it will blank out at | east the early
st ages of the panic response. Controversy exists, however, concerning the formsuch
training should take. Sone hold that everyone should actually perform one, or
several, out-of-air ascents duringthe “col d” non-panic situationof theinitial (or
later) diver training sessions that precede each phase of diving fitness
certification. Theintent istolet every diver discover for hinself the practicality
of such ascents. Qthers believethat the possiblerisks associated with such ascents
are unjustified, that thorough training and correct diving disciplinewll make such
out-of-air situations extrenely rare, and that one or two practice ascents do not
prepare the diver for the conditions of a for-real situation. Dr G en Egstrom has
produced “l earning curves” to denonstrate that it required 17-21 trials before one
reaches a learning plateau, the “overlearnt” stage where behaviour is reliably
reproduced wi t hout t he need f or consci ous t hought. Such astageis hardly ever reached
by novi ce divers, even for the basic skills of diving and woul d not be attainable
by themre energency ascents except at the cost of very many practice ascents. There
is alack of docunmented evidence concerning the proven need for, or benefit from
such training. The BS-AC has for years prohibited it as a part of their tests for
certification, while the French have regarded it as essential for all divers to
denonstrate “Free Ascent”. There are, regrettably, no Incident Reports fromFrance
so the true safety of their nmethods nmust remai n conj ectural, but the BS-AC. | ncident
Reports seemtoillustratethe small part anability to ascendin an energency depends
on previous practical training. Al parties agree, however, onthe needfor athorough
t eachi ng of the theory of safe ascents to all divers at an early stage ininstruction.

In addition to those who hold strong views on this matter there are many who di spl ay
a fine bal ance of indecisiveness, debating the term nology of the various ascent
procedures wi t hout exani nati on of the basic facts. Thereis afurther group who awai t
an Oficial Verdict, aware of the bal ance that exists between the advantages and
di sadvant ages of each teaching routine. It is to these the following is prinarily
di rect ed.

For conveni ence the presentation of evidence is in three sections :

1. The opi ni ons and experience of Australian diving instructors who responded to
a pilot survey in 1975 concerning Energency Ascents.

2. Information available from SETT and Chanber incident reports.

3. I nformati on avail abl e frompubl i shed reports of Pul nbnary Barotrauna associ at ed
wi th diving.



1. Australian “Enmergency Ascent” survey

In 1975 a questionnaire was distributed to nenmbers of two groups of diving
instructors. This was a pilot survey intended to determine the feasibility of such
an approach, divers being notoriouslyreluctant to put pento paper, though not averse
to verbal commentaries about diving m sadventures under informal conditions. They
wer e asked whet her they believed it enough to teach but not practi ce Energency Ascent
(the type of ascent was not strictly defined), what their present practice was and
whet her they would wishto alter thisif free to do so, and what occasi ons of “real”
energency ascent had either occurred to themor were known to them There were 32
replies, which was sufficient to indicate the value of this type of investigation.
Attenpts were made to i nterest overseas groups in a sinilar project, unfortunately
wi thout eliciting nuch enthusiasm

As had been anticipated there was a majority in favour of practicing of Emergency
Ascent by pupils, but many qualified their opinions in a significant nmanner. Sone
of these comments are shown in Appendix A. It was noted that the term“Free Ascent”
(FA) was being interpreted in a wi de spectrumof ways. Some required a ditch-and-
ascent, others carefully acconpanied their pupils as they ascended with full
equi prent, denand val ve nout hpi ece in hand ready for i medi ate use. Sone thought
t he training shoul d be postponed till the diver was sufficiently experienced to seek
a 2nd dass Certification, and some reserved this test for certification of
instructors thenmselves. As it is known that the highest fatality rate occurs anong
the untrained or newy trained group of divers it is somewhat Del phic to state that
such practiceis “essential, but not desirabletoinflict onstudentsintheir initial
training”. The figures were 23 (72% in favour of practice, 9 (28% against. The
reason f or opposi ng such practicing for energenci es was fear of afatality occurring.

Concerning “for real” energency ascents, seven clainmed that not only had they
personal | y never needed to take such action but they had no real know edge of others
taking it. This was in great contrast with sonme ot hers who regarded an out-of-air
situation as a nornmal occurrence experi enced by nost of their pupils, theinstructors
bei ng so used to buddy breathing with the pupils for this reason that they regarded
it as anon-event. Excludingsuchin-trainingeventsthere were 64incidents reported
(Table 1 and Appendi x A). Though the accuracy of stated depths and causes cannot
be assessed and these must represent but a small fraction of the enmergency ascents
that occur, it islikely that the statenments i ndicate the experience and beliefs of
this group of instructors. No information was supplied as to the training, if any,
t hese divers had received. Four cases of possible | ung overpressure, non serious,
were nentioned. One was a bl ackout near to the surface after running out of air at
100 feet at M Ganbier luckily the buddy had an octopus rig. One diver experienced
chest pain followi ng arapidinvoluntary ascent from10 feet, the result of dropping
his weight belt while instructing pupils in rough lowvisibility water. The third
case was of subcutaneous enphysena following a hurried ascent from 20 feet when
regul ator troubl e occurred, whilethe fourth was a bl ackout associ ated wi t h an ascent
from150 feet. It is unlikely that these are the only cases that occurred, given
t he net hodol ogy of this survey. Pulnonary barotrauma is possibly both nmuch nore
conmon and nor e beni gn than is generally stated, though al ways potentially danger ous
through entry of air into the circul ation.

Attention shoul d possibly be directed strongly to the all eged causes of the out-of -
air situation developing. The term“regulator failure” may in reality indicate an
enpty tank if the lowair situation has not been recogni sed, or it nay indicate the
need for an urgent investigation to identify the trouble accurately, “Reserve”
failures are best avoi ded by the di sconti nuance of this type of unit, the use of a
tank contents gauge and possibly also a sonic warning of lowair would neet



requi renents of safety. Hookah failures are a matter worth special consideration,
i f only because so many seemto think no training is necessary before they are used.
The occurrence of sinply out-of-air situations in the absence of equipnent
mal functi on can be regarded as i ndi cating bad di ving di sci pline, though the answers
of several instructors suggest an easy acceptance of this type of diving. That so
many cases occur at M Ganbi er nay i ndi cate an excess of “cowboys” anmpbng occasi onal
visitors to this area. Their survival indicates that the “terms of trade” seemto
favour survival under energency no-air ascents.

Those responding to this survey were not necessarily fully representative of the
opi ni ons and experi ence of all instructors but they do at | east illustratethe problem
as viewed by non-nedical but safety orientated and active diving instructors.

2. SETT and Chanber reports (see also Appendi x B)

Ther e woul d probably be no oppositionto the practicing of “Free Ascent” (FA) by al
pupil s under initial scubatraining wereit not for the strong and repeat ed war ni ngs
i ssued to civil diving groups by personnel of both the US Navy and Royal Navy. This
has been due to their experience during the training of subrmarine crewin Submarine
Escape Training Tank (SETT) ascents where deaths have unexpectedly occurred in
careful ly supervised physically fit men apparently making faultl ess exhal ati ons.
Ther e have even been Air Enbol i smcases anong such fit personnel undergoi ng Chanber
pressureteststo 100-112 feet prior tothein-water training (USA UK, South Africa).
Though many question the rel evance of SETT experiencetothedivingsituation, because
the ascent made is different and the subjects lack the notivation of pupil divers
towards being in the water, the point at issue here is that carefully supervised
ascents in carefully checked healthy young nen in warm well it water and with
emer gency reconpression facilities a few seconds away fromthe point of emergence
may neverthel ess prove fatal. The deaths nmay be insignificant statistically but are
not uninmportant to the victimand the rel atives. Mses gives an apparent incidence
of extra alveolar air and/or air enbolismas 1 per 7,200 ascents (all types). His
figures are subject to error as the records had not been kept in a manner desi gned
to furnish such details, though the New London Tank figures were avail abl e.

The figures offered of norbidity refer to clinical cases and there i s now evi dence
t hat many | ess apparent | esions are occurring. Ingvar et al. in Sweden denonstrated
t he occurrence of asynptomati ¢ EEG changes after supervised SETT ascents and Janes
in the USA has shown the presence of extra alveolar air in 2 of 170 consecutive
trai nees, each apparently naking three ascents. This is arisk rate of 1 case per
255 ascents. Whileit nust be stressedthat these peopl e were not clinically disturbed
to any significant degree by the changes noted it may al so be noted that they woul d
not have been included in the conventional listing of norbidity follow ng training
ascents, yet would have been at risk of an air bubble reaching a vital area of the
brain. Sucharisknmy bejustifiedbythebenefits of suchtraining, but such benefits
require to be proven first if any less stringent managenent of civil ascents was
proposed t han that foll owed by US and Royal Navies. It is possibly of interest that
the first ever necessitous escape froma submarine, that of the three man crew of
the “Sea Diver” in 1851, was totally successful from60 feet despite an absence of
training for such an eventuality. And the RN investigation of successful WR®
submari ne escapes (all nations) showed that a | arge proportion were nmade w t hout
equi pment or prior training. Necessity is certainly a convincing teacher

The avail abl e figures indicate certain additional conclusions can be drawn as to the
relative risks of the various ascent nodes (Table 2). Under training conditions a
“Free Ascent” is the npbst dangerous, a buoyant ascent l|less so, and one using a
Subrmari ne Escape Apparatus (SEA) the safest. Acorrectly used SEA shoul d be as safe
as a rapid scuba ascent but the use of the apparatus i s di sconcerting to sonme at the



SETT and apparently often unsuccessful under the stress of a subsunk situation.

3. Diving Training and other cases of Pul nonary Barotrauna

It is generally believedthat there are few, if any, fatalities or clinical incidents
associ ated with ascent training and that this illustrates the basic safety of the
procedure. Setting asidethe fallacy that nil reports indicate nil cases, there have
been nunerous case reports published. These cases (Appendix C) have occurred in
depths as little as 8 feet. Many have not been fatal but to be reported at all they
nmust have been significant, soit is highly probabl e that nany | ess severe cases have
remai ned unreported. |Inthe Australian “Stickybeak” diving fatalities survey there
have been four scuba dive deaths where air enbolismhas been a probabl e cause, one
bei ng a FA trai ni ng ascent several years ago. Even apparently uneventful diving may
be foll owed by evi dence of pul nobnary barotrauma. The US Navy has even reported an
air enmbolismin a snorkel diver ascending from30 feet. As an exanple of the need
togiverestricted credence to nil reports a case of a fatal practice (training) 100
feet FA is known (overseas) where not only was there neither police investigation
or Inquest into the event but those involved called a person who reported the case
toafriend an (expl etive-del eted) troubl esone fell ow. The official cause of death
was dr owni ng.

It is hoped that readers will supply the author with details of incidents associ ated
with training or energency conditions known to them for the presently avail able
reports may represent a biased sanple of diving incidents.

Di scussi on

There are several points of interest that emerge fromthe available facts. First,
cases of pulmonary barotrauma can occur during normal diving and are of clinical
significance in a statistically rel evant proportion of ascents of an “irregular”
nature, however thorough the precauti ons. Second, extra alveolar air and cerebral
air enbolism theresult of pul nonary barotrauma of ascent, have effects rangi ng from
i medi ate death to damage di scoverable only by the use of special tests (Chest X-
Ray; EEG. There does not seemto be a reason why sone becone victins and ot hers
suffer nil ill effects while undertaking sinilar ascents, but the work by Wal der and
ot hers suggests that i n man, as i n gui nea- pi gs, bronchospasmor bronchi al obstruction
by mucus nay have occurred. He quotes a fatality that occurred during deconpression
of a man who had been effected by fumes. Thirdly, various nmethods of “irregul ar
ascent” are at present bei ng performed by many pupils under initial training courses.
There is al so probably, a significant degree of poor diving occurring if measured
by the occurrence of out-of-air incidents glinpsed at in the survey.

It is of relevance to note that the only BS-AC. specific investigation for making
Energency Ascents (Hume Wllace, Kingston Branch 1956-1961) indicated that the
failure of inferior demand val ves then entering the UK was t he cormopnest cause, with
poor di ving disciplinealsosignificant. Since 1966 t he BS- AChas prohi bited practice
of “free ascents” and t hey have not beenrequired for certification. |ncident Reports
since then have shown no need to change this rule. The recent introduction of Deep
Rescue training has itself produced casualties, a practical exanple of the need to
ensure that training for safety is itself safe. PR MJUM NON NOCERE shoul d ever be
our gui de.

Naval experience indicates that it is safest to ascend with buoyancy and with sone
source of air, conditions best net with the shot |ine ascents with demand val ve in
hand al ready practiced by sone instructors. This will significantly reduce, though
not elimnate, the risks.



As the vast majority of enmergency situations are potentially avoi dabl e, by wat chi ng
the remaining air level and rigorously investigating all cases of equipnent
mal function, great effort should be put intothe reporting of all such incidents as
may occur in order that dangers nmay be recogni sed and renedi ed before fatalities
occur.

CONCLUSI ONS

1. Scuba diving is a remarkably safe procedure, in part through the tol erance of
the body to the majority of barotrauma incidents.

2. Cerebral Air Enmbolism occurs in a significant nunber of cases of carefully
supervi sed SETT and Chanber pressure exposures but israrely fatal. M nor cases
are probably undi agnosed, but frequent.

3. Prevention of diving norbidity and nortality shoul d be based both on a reduction
of the |likelihood of enmergency situations developing and a thorough
i ndoctrinationof acourse of actionfor any out-of-air situation. Suchtraining
should be |ess dangerous than the risk of the problem itself. | nput of
informationis requiredto nonitor boththe causes of probl ens and t he response/
out come when they do occur.

4, 100%safety is never attainable. |f practicein ascent is considered necessary,
a shotline ascent with nouthpiece in hand seens the safest.

TABLE 1
AUSTRALI AN “ EMERGENCY ASCENT” PRQJECT 1975

PROBLEM ASCENT MODE: Free Ascent Buddy Breat hi ng TOTAL
Qut of Air 17 9 26
Regul ator failure 6 4 10
Reserve failure 3 1 4
Hose supply failure 9 Ni | 9
“Mechani cal ” failure 4 1 5
Sudden XS buoyancy 3 Ni | 3
O her causes 5 Ni | 5
Tot al 47 15 64
TABLE 2

EXTRA ALVECLAR AR AND Al R EMBOLI SM ASSOCI ATED W TH SETT TRAI NI NG

New London (USA) and HMS Dol phin (UK) tanks

SEA FA Buoyant Steinke Fatal RCC
cases
Moses 1928-51 1:16,100 1:1,030 1:3,250
Peirano et al 1929-54 1:21,776 1:1,483 - - 4 14
Wiite et al 1938-65 1:27,571 1:1,172 - 4 4
Lanmbet h 1954-57 - - 1: 3, 000 - -
Elliott et al “20 yrs” “better than” 1:2,300 ascents 5 3
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Appendi x_A

Reported Energency Ascents

Report Depth No Air Reg Reserve Hose O her Additiona
fsw Air Fai | Fai | Suppl y Detail s
Suppl i ed
Al 100 BB
100 BB FA M Ganbier: Cctopus

share ascent bl ackout
near to surface

acci dental drop wei ght
belt while teaching.
Rough sea, poor
visibility:- chest

pain
A2 80 FA
A3 ? FA Tank entangl ed: murky
wat er at power station
Ad 20-40 FA
20-40 FA
20-40 FA
100 BB M Ganbi er:
20 BB Subcut aneous enphysena
resul ted
A6 ? FA
A9 60 FA "Mechani cal failure of
equi prent "
90 FA ditto
A10 40 FA
50
100 FA M Ganbi er
All ? FA Mechani cal failure
? FA Mout hpi ece di sl odged
? FA
? FA
? FA
Al2 ? BB
? FA
? FA
Al3 120 Al'l students use up air
and need to FA
Al4 30 FA Know of ot her hookah
failures al so
Al5 40 FA Ful | facemask cracked,
under “Levi at han”
30 BB Pupil, sea, low air; BB
with I nstructor
Al6 60 FA Freei ng anchor after a
dive
20 FA Reserve already “on” in
error
100 FA M Ganbi er-recovering
dropped torch
25 FA “Some Idiot turned the
air off”
Al8 20 BB occurred at a
deconpressi on stop
150 BB "dive required
deconpressi on so BB not
FA'

11



Report Depth No Air Reg Reserve Hose O her Additiona

fsw Air Fai | Fai | Suppl y Details
Suppl i ed
Al9 30 FA failed to fully open

on/of f val ve before
water entry: know of
ot her cases

100 FA Air cut off when pulled
reserve: know of other
cases

A20 120 FA Interrupted air supply

70 FA M Ganbi er 2nd descent

same tank; pulled
reserve then no air.
Untrained in FA

A23 70 FA Gear exchange test:
given enpty tank
? BB Hori zontal shall ow swi m
till safe to ascend
A24 130 FA M Ganbier: ABLJ valve
jamred so rapid ascent
? FA M Ganbier: ditto
A26 60 FA
150 BB Husband/wi fe team
wife's regulator failed
100 ** EA Hookah filter “bl ew off
screw cane free with
100 ** EA two divers below. Both
successf ul
60 FA Hookah hose changed to

wrong outl et
(100 snorkellers FA after diving to scuba divers at M Ganbi er)

Bl 130 FA M Ganbi er
60 FA
B1 150 FA
150 FA Shal | ow wat er bl ack-
out”: checked at SUM
B2 40 FA
25 FA
150 FA
130 FA
B3 ? FA Ni ght dive, out of air
after 5 mnutes; with
an instructor. “Oten
needed to FA since
then: ALL divers do”
B4 ? BB during a training
sessi on
? BB faulty J-val ve
B5 20 FA “1-3 students run out
of air every course”
? BB “Student took ny denand
valve so BB with the
instructor”

Some comments offered concerning practice of Energency Ascents:

A2 possiblyallowfor 3rdclasscertificate, and encourage for 2nd cl ass certificate
A5 performup shot |ine, demand val ve nouthpiece in hand: RCC at site

A6 with demand valve in hand and in all equipnment, all present students.

A10 7 foot ascent after ditch scuba, never i n openwater; allow instructor present.
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All Allow, not obligatory, 6 netre depth water

Al3 Require FAwithinstructor present; believe practically every diver on a shall ow
dive (20 feet or less) sonetimes sucks tank enpty knowi ng can FA

Al4 Require ascent wearing equi pnent, nouthpiece in hand, from60 feet. Avoid BB
ascents. Would suggest ditching scuba or hookah if “for real” energency

Al5 Desire that pupils practice but forbid because of legal liability risk.

Al6 Undeci ded: D&Rin pool and sea but forbid solo FA Suggest nodify test toditch-
swimto buddy and BB - return to and don scuba again, at constant depth

Al7 Essential but not desirabletoinflict onstudents at initial training, include
later. At |east one FA fromover 10 netres.

A18 Teach pupils feel of an enpty tank; forbid FA, teach NAU bail-out not D&R

Al9 Require 3 netre D&R instructor nonitored, pool and open sea.

A20 Instructor denonstrates FA, prohibit pupils: horizontal swins set to set in
1 netre water suggested as good substitute for FA practice.

A21 Instructor may show FA in shallow water: possibly ditch and ascend for nore
experienced divers, forbid for trainees.

A22 Suggest increasing depths FA for 2nd class divers; forbid at basic |evel

A23 Instructor present allow ascent with nouthpiece in hand, then after ditch

A24 Encourage FA in pool then sea with shot |ine, nouthpiece in hand

A26 Forbid for pupils; suggest instructors train ascents 100 feet to 30 foot | evel

A27 Forbid beginners, possibly allow for 2nd class certification

Bl Require all pupils to FA; never dive deeper than able to EFSA;, 25 feet basic.

B2 Require, even if only Ditch & Recovery test ascent: 15-20 feet.

B3 Require EFSA practice; crininally negligent if did otherwi se: 10-40 feet

B4 Require but never nore than 20 feet: would prefer 45-60 feet for basic divers

B5 Require, 10-15 feet increasing to 60 feet for advanced trainees.

Regardi ng practice of Energency Ascent by all trainee divers:

In favour: Al, A2, A3, A4, A5, A6, Al0, All, Al2, Al13, Al4, A15, Al6, Al7, A19,
A22, A23, A24 Bl1l, B2, B3, B4, B5.

Agai nst: A7, A8, A9, Al8, A20, A2l1, A25, A26, A27.

continued from page 15

Spi nal "bend" (air enbolisn?) with inperfect resolution
Los Angel es Cases include successful FA by m ni sub non-diver from 250 feet!
Nemi r of f Diver, entangled at 15 feet, dragged to surface by tender.
Diver, age 14, first dive, "deep", suddenly surfaced.
Screaned & sank: rescued: decerebrate. Treated as
drowning, no RCC. No cure

Okal yi 3 pearl divers FA from 15-30 feet FATAL
Pol | ock Hol di ng onto fixed buoy; |arge waves washi ng over FATAL AE
USN 1972 5 feet training dive with senmi-closed circuit scuba giving

positive pressure gas supply. Probable AE signs. CURED
USN 1971 35 feet depth using SSBN unit; free flow ng regul ator

whil e swi mmi ng. Snorkel diver 30 foot dive
Uni Rhode | sl and Nunmerous PBT cases are briefly reported in Scuba Safety
Report No 3
Wal ker Case SC 71/3 (unpublished) 6ft ascent in calmtepid water FATAL
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APPENDI X B

SETT and Chanber cases of extra al veol ar air and/ or air enbolismare noted in varying
degrees of detail by a nunber of witers. Mses gives brief details of 71 incidents,
of which 54 were with ascents and 17 in the pre-ascent pressure exposure test in a
chamber at “112ft”. There were in addition three cases of deconpression sickness
in instructors acting as attendants during therapeutic reconpressions. Thi s
i ndi cates a weakness in the therapeutic tables. Sone of these cases are reported
in greater detail by Behnke, Brown, Chrisman, Kinsey, Lieblow Mcd atchie, Polak
and Adans, Pol ak and Ti bbals, and Periano et al. A npore recent case has been fully
docunented by Collins. In sonme of these US Navy cases sone divergence fromcorrect
ascent procedure was ei ther observedor |ater adnitted but inothersthedrill appears
to have been correctly performed. At all relevant tinmes the trai nees were under very
cl ose observation by highly trai ned and notivated instructors.

In the UK, SETT cases have been described by Elliott, Forbes, Honor, Lanbert and
Warner. Brief quotations may explain the strong views held by many Naval personnel
i nvol ved in SETT training of submari ners when advi si ng agai nst practice of out-of-
air ascents by civil diving groups:

. “Acci dents have happened to the actual training staff”. (Warner, 1967)

. “The RN has consi der abl e experience of free ascent training and reports that,
i nspiteof the cl osest possi bl e supervi sion, an appreci abl e nunber of incidents
occur. Some of them wunfortunately, fatal”. (Warner, 1969)

. “Case 1, a submariner, was a good swinmer in his early 20s. He volunteered to

nmake a 100 foot ascent with instructors present. Waring goggles, nose-clip
and stole (life jacket) he made a “copybook” ascent. A |oud exhal ation of air
was heard as he broke surface. He was unable to understand the order to put
t he tube back into the | oop of the stole, caught the | adder with his | eft hand
only, said “l feel...” and collapsed. It was only 6 feet to the RCC and he was
conpressed to “165 feet” less than a m nute after | eaving the tank bottom He
was consci ous there so deconpression was comrenced. At 10 feet he said “Wen
will | be ableto see?” and it was realised that he was blind. He died 27 hours
later”. (Honor, 1970)

. “Despite all precautions, incidents occur. Over 20 years these have averaged
linevery 2,500 ascents and have, i n many cases, fol |l owed ascents whi ch appeared
to be in every respect normal and correct”. (Forbes, 1975)

. “Since the adopti on of free ascent with buoyancy by the RNin 1954 about 34, 000
escapes have been made (15, 30, 30, 60 and 100 feet). There have been 10
casualties with synptons primarily of cerebral air enbolismand two with w de
spread danmage in the thorax wi thout associated neurological synptons, an
i nci dence of only slightly nore than 1 in 3,000 ascents. (Lanbert ,1958)

. “The main group (studied) consisted of 112 subjects in which 4 cases of proven
lung rupture and air enboli smwere observed. In addition to routine clinica
i nvestigations, EEGrecords were carried out before and after divinginthe main
series. It was found that free escape as such affects the EEG only slightly

i n sonme subj ects wi thout neurol ogi cal synptons (the changes) were so nar ked
that the records follow ng the diving were classified as abnornal.” (I ngvar,
Adol fson and Li ndemark, 1973)

Cai sson workers are apparently at risk of air enbolism during their routine
deconpressi on after worki ng under pressure, though the | ength of pressure exposure
isnot acritical factor. Warner reports that 6 cases occurred duringthe construction
of the Dartford tunnel. They had been at | ess than 3 ATAfor | ess than 4 hours. One
victimwho fell unconscious after |eaving the | ock, was | ater shown to have a | ung
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cyst. It was supposed that bronchial blocking was occurring in victins and tests
wer e carri ed out on gui nea-pi gs t hat showed ai r enbol i smwas produced i n 75%of ani nal s
i f bronchiolar obstructi on was i nduced by a histanmi ne spray in the chanber. Later
experinments have shown air enbolism can be produced in guinea-pigs after short
exposure to 2 ATA. Acaseis notedwhere afatal air enboli smon deconpression foll owed
exposure to irritant funes.

The German civil chanber i nci dent was an exanpl e of the tragi c results one can produce
when dealing with forces one does not understand.

* *x * % * % *x * *x * *x * * *x *

APPENDI X C

Air Enbolismcases associated with training

Cooper man Pool - 9 feet ditch and recovery test FATAL
Davi s, Bassett Lake - 35 feet sw nming ascent training: unconscious.
Recovered "and 2 additional cases have occurred"

Denney, Read Pool - 15 feet |esson in buddy breathing fail ed FATAL
Harveyson et al Sea - 20 feet FA test. Bubbles in coronary arteries FATAL
Hattori Sea - 25 feet 3 cases during FA training.
Kruse "tank"? - ditch and recovery test. Heniplegia but
recover ed.
Mles S Sea - 20, 34, 35, 60 ft - Free Ascent training. 4 Fatalities
Sea ? - 29, 25, 30 ft - FA training non-fatal incidents
Nemi r of f Pool - 8 feet ditch and recovery test, at night. Recover ed
Quarry ? - Free Ascent test: became unconsci ous Recover ed
Strauss, Prockof Pool - 12 ft ascent followed by blindness, enphysema  Recovered
USN 12-70 Sea - 15 feet Buoyant ascent
Uni Rhode I sl and Pool
(report 3) - 8 feet Doff & Don test: breath help as ascent:blind Case 1
- 40 feet Doff & Don and FA Case 4
- 43 ft FA exercise: convul sed, paraplegic: recovered Case 5
- 90 ft FA exercise: part blind, right paralysis:
sl ow recovery Case 15

Air Enbolismdiving incidents

Ander son Hel met diver; rapid ascent from 30 feet FATAL
Davi s, Bassett Pani ¢ ascent (untrained) from80 feet. Legs paral ysed:recovered
"and know of case from 10 feet"

Denney, d as Sea - 20 feet ascent. FATAL
"19 such deaths in M chigan since 1959"

Elliott DH | npai red consci ousness after rapid ascent from 10 feet noted

Har pur Sea - unconscious diver: buddy suffered fatal AE in rescue

Sea - unconscious diver: bystander ascended, hol ding breath
whi | e buddy successfully rescued victim Bystander got FATAL AE
Hattori Sea - at 75 feet ascended 25 feet over a rock and suffered
hem pl egi a and di sorientated. Rescued by instructor. Recovered
fully. Al socases from60 feet (fatal), 30 feet and 90 feet dives.

Jones SA Navy diver ship bottom search, on back; devel oped chest pain.
O her cases PBT al so reported
LaCar da Betty Gcl eared nask forceful I 'y whil e hol di ng anchor Iineat 10 feet.

conti nued on page 13
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Barotrauna after apparently nornmal diving

Bayliss G Four non-fatal barotrauma cases. (Unpublished thesis on
underwat er diving 1971).

Col ebat ch See previous reference

Jones AG See previous reference

US Navy Naval safety Report OPNAVI NST 9940. 2A 1971

Cases of PBT associated with training

Coopernan et al. Mechani sns of death in shall owwater scuba diving. Canadian Med
Assoc J 1968; 99(23): 1128-1133.

Davi s, Bassett. Di vi ng Casual ti es, Lessons | earned. NAU Conference “1Q6", 1974

DDenney, Read. Scuba Di ving deaths in Mchigan. JAMA 1965; 192(3): 220-222.

Harveyson et al. Fatal air enbolismfromuse of a conpressed air diving unit. Med
J Australia 1956; 21 April: 658-659

Hattori . Areviewof air enbolismanong di vers inthe Monteroy Peni nsul ar.
SPUMS Journal  1975; Jul y- Dec.

Kruse. Ai r Enbol i smand ot her skin diving problens. Northwest Medicine
1963; 62: 525-527.

Mles S 165 Di vi ng Acci dents. J Royal Naval Medical Service 1964; 50(3):
129-139.

Nemi r of f. The changi ng face of air enbolism NAU Conference “1@", 1974

Strauss, Prockop. Deconpression Sickness anong scuba divers. (Sumitt & Berghage)
JAMA 1973; 223(6): 637-640.

US Navy. Research Report, 12-70

Wal ker D. Unpubl i shed report to “Stickybeak I nvestigation” (PNG Case)

Sone diving incidents causing PBT, Air Enbolism

Ander son WM Cai sson di sease during helmet diving. US Naval Med Bulletin
1927; 26(3): 628-630.

Denney, d as. Experinmental studies in barotrauma. J of Trauma 1964; 4. 791-
795, 1964

Elliott DH. Deconpression, a hazard of underwater sports. J Roy Coll Gen
Practit. 1969; 18: 233-237.

Har pur . 90 seconds deep scuba rescue. SPUMS Journal 1975; Jan-Mar (al so
NAU News Jan 1974)

Hattori . see previous reference

LaCer da. Enbol i smdi saster averted (case of Betty Gerzanics). Skin Diver
magazi ne 1972; March.

Nemi r of f. See previous reference

Okal yi . Occupational nortality and nmorbidity of divers in the Torres
Straits. Med J Australia 1969; June: 1239-1242

Pol | ock. A classic case of diver air enbolism at the surface due to
wave action. SPUMSJ 1976; Cct-Dec (al so PRESSURE April 1976)

Rose, Jarczyk. Spont aneous Pneunoperitoneum after scuba diving. JAMA 1978;
239(3): 223.

US Navy. Naval Safety Report OPNAVI NST 9940. 2A ref 1971 and 1972

wal ker D. Stickybeak | nvesti gation of Australian Di ving Deat hs: some cases

published in Provisional Reports, sone await publication

Addi ti onal Sources

Los Angel es County. Underwater Safety Conmittee Report
BS-AC. Diving Officers Conference Reports 1966-1977 (yearly)
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“lung”. USN Med Bulletin 1931; 30: 177-185.

Shock due to excessive distension of lungs during training with
escape apparatus. USN Med Bulletin 1931; 29: 366-370.
Subrarine escape training. J Connecticut State Med Soc 1938,
2(9): 423-430.

Unusual case of air enbolismprecipitated by deconpression. New
Engl and J of Med 1962; 226(12): 595-598.

Clinical and Radi ol ogi cal features in 88 cases of deconpression
Barotraunma. (Paper read at San Di ego, 1975)

Free Ascent: the position stated. Paper read at BS-AC Diving
Oficers Conference, 1975

Paper read at BS-AC Diving Oficers Conference, 1970.

Cerebral Air Enmbolismduring training of submarine personnel in
Free Ascent: an El ectroencephal ographi c study.

Extra Alveolar Ar resulting from Subrmarine Escape Naval
Subrmari ne Medi cal Centre Report No 550, 1968.

Air enbolismas a result of submarine escape training. US Arned
Forces Med J 1954; 5. 243-255.

Submari ne Escape. Proc R Soc Med 1958; 51(10): 824-827.
Intra pulmonary air trapping in submazine escape training
casualties. US Arned Forces Med J 1959; 10(3): 265-289.
Medi cal aspects of subnmarine “lung” training. USN Med Bulletin
1931; 29(3): 357-366.

Casual ties inindividual submari ne escape. USN Submari ne Medi cal
Centre Report No 438, 1964

Subrari ne escape trai ni ng experience. Md Research Lab US Navy
Report No 264, 1955

Traumatic air enbolismin subnarine escape training. USN Med
Bulletin 1932; 30: 165-177

Fatal case of Caisson Di sease followi ng a dive of short duration
to a depth of 30 feet. USN Med Bulletin 1930; 28: 862-865.
Dysbaric Cerebral Air Enbolism Proceedi ngs of 3rd Synposi umon
Under wat er Physi ol ogy, 1966

Paper to BS-AC Diving Officers Conference, 1967

Ceneral papers relating to pul nobnary barotrauna

Col ebatch et al.

Davi es W

Giffin RJ.

Mal hot ea, Wi ght.

VWl der D.

I ncreased el asticrecoil as adeterm nant of pul nonary bar ot raumna.
Resp Physiol 1976; 26: 55-64.
Enmer gency Ascent for the Amateur.

Decenber 1963

A di agnostic sign of spontaneous interstitial enphysema of the
medi asti num case reports. Annals of Internal Med 1942; 17:
295-297.

Arterial air enbolismduring deconpression underwater and its
prevention. Proc Physiol Fen 1960: 32-33

Sone dangers of a Hyperbaric environnment. Proceedings of 2nd
I nternational Congress Hyperbaric Oxygenation

DI VE Underwat er nagazi ne
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DI VI NG MEDI CAL SEM NAR
Heron Island 23-30 Septenber 1978

This will be the final Diving Medical Course to be held on the Great Barrier Reef.
The format has been altered fromthe conventional style | ecture courses of previous
Queensl and neetings. It will be based on the sem nar/di scussion style, held after
t he di ving excursions, and followi ng a brief factural revision by either Dr Robert
Thomas or Dr Carl Ednonds.

Day 1 Regi stration - |Introductory Lectures by Carl Ednonds
Pet er Ti bbs
Walt Deas
Day 2 Subj ect : Marine Animal Injuries

- Sharks & shark attack
- Fish poisonings

Day 3 Subj ect : Common Di vi ng Medi cal Di seases
- Barotraumas
- Infections
- Drowni ngs
- Phot ographi ¢ spot di agnosi s

Day 4 Subj ect : Hyper baric Medi ci ne
- History
- Current indications
- Future trends

Day 5 Subj ect : Deconpr essi on Si ckness
- Pat hophysi ol ogy
- Treat ment
- Prevention

Day 6 Subj ect : Medi cal Standards for Diving

Hazar dous diving areas

Case reports fromboth | ecturers and ot her nedical practitioners are very wel cone.

Arrangenents can be finalised through: Group Tours Depart ment
Nati onal Bank Travel Service
340 Ceorge Street
SYDNEY NSW 2000
Tel ephone: (02) 745 2655.

* * *k % * % % * *x % * *x * * %

PULL THE OTHER LEX S)?

Two patrons of acity hotel were startled by alarge octopus onthe fl oor of al adies’
toilet. The wonen told the managenent of the Hyatt-Regency Hotel they found the
octopus outside a bar on the 22nd floor. The assistant nanager, M Obie Collins,
sai d the octopus was apparently placed there by two wonen dressed in arny fatigues
who were seen carrying a rubbish bag into the toilet. No one was hurt.
Australian, 24 April 1978

Did they check it was a femal e octopus?
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A FUNDAMENTAL APPROACH TO
THE PREVENTI ON OF DECOVPRESSI ON SI CKNESS

SUMVARY

This article presents a hard | ook at the fundanental issues underlying the
formul ati on of preventive deconpression. The author’s interest in this
subject was captivated sone fifteen years ago when taking instrunent
recordi ngs of the remarkabl e deconpressions routinely followed by pearl
divers - particularly the Ckinawans operating in the Torres Strait and
el sewhere al ong the northern coast of Australia. This study reveal ed a very
ef ficient deconpression practice derived purely by trial and error at the
expense of maybe several thousand |ives and serious injuries. These
remar kabl e practi ces were derived over hal f a century when that area supplied
the world with the pearl shell which was in great denand before buttons were
made of plastic. Wrking at Adel ai de Uni versity t he aut hor and hi s aer onedi cal
col |l eagues were just in tine to put on record these practices before the
pearling industry dwi ndled to a state at which that vast weal th of inval uabl e
human experi ence woul d have been | ost for ever.

The nethods enployed by those divers were both successful and nuch nore
econom cal ontinmethan Naval practice. Moreover their enphasi s upon spendi ng
much nore tine deeper at the start of deconpression and surfacing directly
from25-35 feet was totally inconpatible with the Hal dane rati onal e and neo-
Hal dani an cal cul ati on nmethods for diving table fornulation at the peak of
popularity at that time. This discovery stimulated nuch scientific work at
Adel aide, leading to concept of an equilibrium state rather than a
supersaturated state as the nost relevant in determ ning the i mm nence of
bends. Publicationof this approachin 1966 presentedthefirst conprehensive
chall enge to the Haldane nmethod of formulating deconpression tables as
el aborated by the US Navy in particular. The ngjor point of divergence was
to point out that only equations were used to fornulate tables and that,
what ever the acconpanyi ng words, conventional equations assuned that the
bends-free dive was bubble-free, pointing out why the diver was so
di sadvantaged if this proved to be incorrect.

There is now rmuch nore scientific evidence to support the Thernodynam c
Approach whi ch has been updated recently in a book entitled “Deconpression
Si ckness: The Bi ophysical Basis of Prevention and Treatnent” (published by
John Wl ey’ s inNewYork and London). This paper isadistillate of that work.
In order to avoid distraction fromthe nain thene, sone statenents are nade
with m nimal supportingdata, if any, but therel evant references and detail ed
expl anation can all be found in the book

Brian A Hlls, PhD, DSc

Pr of essor of Physi ol ogy

Uni versity of Texas Medi cal Branch
Gal veston, Texas, 77550
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The mjor nedical problem in deep-sea diving is the prevention of
deconpr essi on si ckness, since any di ver nust deconpress in returning to his
normal environment and i nadequat e deconpressi on can prove fatal or nay | ead
t o permanent di sabl ement. By far the nost effective way to avoi d deconpressi on
sickness i s to i nvoke gradual deconpression; but this imrediately raises the
guestion of how gradual is gradual? Cobviously one wi shes to mininise the
weari sone tinme spent by the diver in a chanber or suspended i n t he ocean and
yet not jeopardise his safety. Consequently, a neans i s needed to optini se
t he whol e environmental programneeded to return the diver to the surface,
ie. a sinultaneous optinisation of:

( DEPTH versus

( TIME versus

( COVPCSI TI ON OF BREATHI NG M X

The net hods of acconplishing this fall into four broad groups:
1. Devise a schedule by trial and error.

2. Compute a schedule from a calculation nethod or
mat hermat i cal nodel

3. Use a neter based upon one of those nodels or
cal cul ati on nethods in #2.

4. Monitor a body paraneter, using the response to
det erm ne deconpressi on

The | ast woul d be the best if a good paranet er were avail abl e and t he rel evant
tissuetonmonitor could identified anatomically. Al though some encouragi ng
advances have been nmade in nonitoring tissues wultrasonically and
conductonetrical ly, such techni ques nust still be regarded as novelties until
we can be sure of what to | ook for and where to | ook - i ssues discussed | ater.

The third approach (viz. the use of nmeters) is very good if the engineering
is adequate but is really no nore than a convenient formof #2 by providing
a deconpressi on uni que to each particul ar dive history and so circunventing
the fact that it is inpracticable to conpile a book of tables to cover al
depth-ti me combi nati ons. Mbst tables in operation today are hybrids of #1
and #2.

However, before discussing the fornmation of tables, a nonment shoul d be spent
in considering whether it is worthwhile to calculate at all. Hence let us
consi der a maj or piece of purely experinental data - the bounce dive curves
for air and hel i ox ot herwi se known as t he no-st op deconpressionlinmts. Both
depi ct a fundanental relationship between depth and tine; so the fact that
t hese curves can be so clearly defined for each individual can be taken as
a mani festation of an underlying rationale which justifies efforts to them
mat hermati cally and even to invoke conplex functions if needed.
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Behnke enphasi zes t hi s cl ear denarcati on by sayi ng t hat maybe 5 feet in depth
can separate serious injury froma state of well being.

Informul ati ng a preventive deconpressi on by nmeans ot her than pure trial -and-
error there are basically two approaches involving either:

1. calculation nethods in which a convenient equation is
sel ected and constants determ ned enpirically tooffer
the best fit to experinmental data, adding nore
equations (and nore constants) if needed, or

2. true nodel s based on the physiol ogi cal and physi cal
princi pl es invol ved.

While the enpirical approach (#1) is good for interpolating between dives
already proven inthe field, it has sel dombeen successful in extrapolating
to greater depths or longer tinmes. Thus a calculation nethod in which the
constants have been adjusted to provide a safe table at 400 feet nay fai
conpletely when used to 500 feet. These discrepancies can always be
accommodat ed by addi ng nore hypot hetical tissues (and nore constants) until,
with some 700- 800 degrees of freedomwhich sone designers use, one wonders
whether it is worth invoking calculation at all. The cal cul ati on net hods
ari si ng fromthe Hal dane rati onal e have di vagat ed i nt o i ncredul ous conpl exity
to force a “fit” to experinental data.

The alternative approach - that of synthesizing a nmathematical nodel from
fundanent al physics and physiology - would seemideal until we realise how
littlewereally knowof the mechani smof deconpressi on si ckness. The synpt ons
are so varied that they tell us little; while pathol ogical studies seemto
show bubbles in npbst organs so, as Haymaker points out, nothing really
pertinent to a specific nodel energes fromthat vast nass of nmateri al
However the synptons do seemto fall into five broad categori es:

1. Linb bends and ot her essentially /ocal mani f estati ons.

2. Cerebral synptonms - which are rare.

3. Spinal “hits”.

4.  Vestibul ar DCS

5. Dysbaric osteonecrosis?

Dysbari c osteonecrosi s

Thi s di sease i nduced by divingislittle understood and, at this tinme, cannot
be used to program deconpression. |Its principal features are:
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1. No correlation between the incidence of bends and bone
| esions when the data are anal ysed very carefully.

2. No bone lesions in aviators - at |east, no npbre than
the incidence in the “normal” popul ation.

3. Geatlyincreaseddeconpressiontine (eg. the Bl ackpool
tables) greatly reduced the bends rate, yet did not
change the incidence of bone | esions.

4. The tine course for dysbaric osteonecrosis is several
orders longer than antici pated for an acute insult at
the tinme of the last dive.

As many as nine hypot heses for the nmechani smof dysbaric osteonecrosis can
be foundintheliterature, six based on acute infarction or vessel occl usion
and three on a nore subtl e formof insult occurring at a nore mi croscopic | evel
of bone physi ol ogy.

In fact, it is just possible that dysbaric osteonecrosis nay not be caused
by the deconpression

CNS Synpt ons

Cerebral synptom are virtually identical to those caused by undisputed
arterial air enbolism eg. when occurring after submari ne escape, that their
aetiology is seldomquestioned. This is not true of spinal deconpression
si ckness whi ch occurs roughly threetinmes nore frequently. These CNS synpt ons
can al ways be produced by a deconpression far i n excess of one known to i nduce
mld linb bends, yet it is probably fair to say that they are rarely the
presenting synptons for narginally unsafe deconpressions The factors
predi sposing the subject to the rare exceptions to this general rule are
di scussed later (p. 25).

Li nb Bends

Most enpirical calculation methods work to a “trigger point” for each
hypot hetical tissue, eg. violating an ‘M value in the conventional
approaches. Calcul ation effectively stops at that point as though what ever
is“triggered” nmust occur. However, | et us consider the man perform ng a di ve
on whi ch he has devel oped bends sone tinme after return to the surface. He
now repeats that exposure, presunmably violating the same hypothetical
“trigger points”, but reconpresses to 20 feet shortly before he knows he wi ||
devel op bends (and /inmb bends are quite reproduci ble”), stays there for 30
mns and then returns to the surface with no problem The reconpression to
20 feet for 30 mins obviously averted what woul d ot herwi se occurred, so the
process | eading to bends nust have taken place in at |east two steps:

* generally occur in the sane individual for the sane exposure and deconpression.
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( 1. a primary event “triggered” by deconpression
(
(

2. a critical insult producing synptons

Mor eover, there woul d appear to be a conti nuous variationintheinsult, bends
occurring only if it reaches a threshold level for pain. See Figure 1.

Recompression

Bends /
Threshold
LEVEL .
of f .
INSULT w— . R TNy

~
: TN
: . -
.ésymptomapc S -
+:Decompression

t Relief of pain

Primary event Onset of symptoms

FIG 1

Thi s rai ses questions concerned not only withidentifyingthese processes but
w th ot her queries needed to be answered in fornmul ati ng a mat hemati cal nodel
from fundanental considerations. This list of questions includes:

1. Wiat is the primary event?

2. VWhat i sthe nbdeof insult andwhat isitscritical |evel
for pain?

VWhat conditions initiate the primary event?
VWhat is the cause of delay in reaching the critical

b w
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insult?
5. How is gas taken up by tissue?
6. How nany tissues are invol ved?
7. Does the prevention of |inb bends avoi d ot her forns of

deconpressi on sickness and what factors tend to
predi spose the diver towards those synptons?

ABSOLUTE PRESSURE
",

TIME —

Fi gure 2

Primary event

Let us consi der a sinpl e exposure to a pressure P1 fol |l owed by a deconpr essi on
toapressure P - see Figure 2. Nowthe likelihoodthat Iinb bends will occur
at P2 is determ ned by nunerous factors which can be reduced to two primary
i ngredi ents:

1. The extent of the deconpression (P1-P,))
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2. Theinert gas content i medi atel y prior to deconpression

as determn ned by:

(a) time “on the bottoni,

(b) depth of exposure,

(c) solubility of inert gas breathed (eg. nitrogen or
hel i unmy,

(d) exercising “on the bottont

(e) substituting oxygen for inert gasinthe breathing nix,
etc.

(f) obesity (increased body fat)

The dom nance of these two factors | eaves few alternatives, if any, to the
popul ar viewthat the prinmary event is the i nception of a stable gas phase.”
It is very difficult to conceive other initiating processes which are so
dependent upon the conbi nation of these two dom nant features |isted above
wi t hout invoki ng the principle of gas separating fromsolution. So far this
i ntroduces no controversy since, ostensibly, all designers of cal culation
nmet hods and nodels claimthat their indices for limting deconpression are
t hreshol ds for bubbl e i nception; although whether they do so in practice is
gui te another matter. However this agreenent ends abruptly when we proceed
to the next question (#2 on p. 4) and consi der the node of insult leading to
i b bends.

Mbde of insult

Several nechani sns have been proposed or assuned by which the primary event
can lead to the critical | evel of insult needed to i nduce |linb bends. These
differ according to the type of pain - whether induced by ischaemi a or by
mechani cal neans - and whether the insulting entity is a bubble or one of
several degradation products known to be produced by a gas-bl ood interface.
These approaches can be summari sed as foll ows:

i schaeni a i ntravascul ar bubbl es
by R
R bl ood degradati on products
PAI' N | NDUCED by
nmechani cal extravascul ar gas phase
by R
nmeans tribonucl eation (joint gas)

O these, tribonucleation is nobst unlikely since gas injected between the
articul ar surfaces of the joint, or formed by vari ous di sease processes, does
not induce pain (aeroarthrosis). In linb bends the painis not within the
joint but aroundit. Mreover it requires foreign particles nuch harder than
bubbl es to penetrate the synoviun or articular surfaces to the depth of any
nerve endi ngs - such as sodiumureate crystals in gout and the pain of gout
is much different to that of |inb bends.

* we are sinply concerned with whet her bubbles formor not and nechani sn(s) of
nucl eati on/activation of nuclei, etc. are of largely acadenm c interest.
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Returningtothe ot her nmechani sms, the painof /inbbendsisunlikelyischaenic
in origin for the follow ng reasons:

1. Ischaem c pain nmust be induced by arterial enboli, but
bubbl es only formde novoin the arterial systemw th expl osive
deconpressi on, while venous bubbl es are trapped by the | ungs.

2. Known arterial air enbolism does not produce |inb
bends, eg. after an accident in submarine escape training.

3. Diseases known to produce infracting agents such as
thronmbi, fat enboli, platelet aggregates, etc. do not produce
the pain of Iinb bends.

4. Conpression affords imedi ate relief of pain in nost
cases of linb bends while ischaemic pain is greatest upon
restoration of blood flow

5. I f painwereischaenicinorigin, onewouldexpect that
further decreasingtissue oxygen supply by loweringtheinspired
oxygen partial pressure woul d exacerbate the situation, and yet
hypoxi a has been found to have am | d protective action- if any.

6. Sinlarly one would expect elevated oxygen to help
relieve i schaenic pain and yet hyperoxi a per se (as opposed to
oxygen substitution for inert gas) potentiates the bends.

This would |l ead us to deduce that the nechanismof |linb bends is a bubble
pressing on a nerve endi ng.

Mechani cal approach

This sinple approach to the pain of Iinb bends inplies that the gas woul d
probably need to be | ocated i n an extravascul ar site in order to bend a nerve
ending as far as its pain threshold. This is easily justified by the fact
that, even after an extensive reconpressionfor afewninutes, |inb bends will
re-occur inthe sane site upon a further deconpressi on sanme pressure at which
they occurred inthe first place. Intra-arterial bubbles actually observed
i nvascul ar wi ndowpr eparati ons can betotally displaced by such reconpressi ons
and washed away in the circul ati on, gas causing the | ocal pain of Iinb bends
is fairly certain to be extravascul ar.

In sel ecting an extravascul ar site for theinsult, it becones nore inportant
toidentify atissue anatomcally sinceit wouldthen elimnate maj or probl em
of progranm ng a deconpression by following a direct tissue nonitor - viz.
the question of knowing where to I ook. It would also provide for the
physi ol ogi cal paraneters in the nodel. Thus the requirenments the critical
ti ssue type can be listed as foll ows:
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1. a preponderance of nerve endings;

2. insult of those nerve endi ngs by ot her nechani cal nmeans
must provoke a pain simlar in nature to bends;

3. there should be a positive correlation between gas
content and bends in that tissue;

4. it needstobea“tight” tissuesinceaconpliant tissue
woul d enable gas to expand freely when its pressure
woul d be less likely to reach the pain threshold for
bends (Figure 1);

5. asnall changeinbloodfloww th exerciseof that |inb.

Al'l of these conditions have been satisfied by tendon, but could al so apply
to certain other connective tissues.

Pai n t hreshol d

The sinple nechanical concept of pain (in linb bends only) has been
particularly well denonstrated by Inman and Saunders who found that the
i dentical pain could be produced by injecting Ringer’s solution into tendon
and ot her connective tissues. This pain was not determ ned by the vol une of
the solution injected but by the pressure differential. Mreover it was
reversi bl e and appeared or di sappeared at the sane pressure threshold

If wereturnto the situation of a gas rather than Ri nger’s sol uti on pressing
on that nerve ending, the net deforming pressure is the net gas pressure
(internal less interfacial effects - 69) pl us pressure (6f5) due to any fluid
accumul ation. Thus bends pain can occur if:

This very sinple criterion for pain can be related to the volunme gas (V)
separated fromsolution in unit volune of tissue by:

dg =Kv .. (2)

where Kis the nodul us (reciprocal of conpliance) resisting expansion of the
tissue.

Thus t he unknown 6g can be elimnated, so that

BENDS can occur if: v > (dt- 0f)/K N )
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This sinple quantitative relationshipis conpatible with the fact that |inb
bends are nore likely to occur for a greater exposure or deconpression (vt),
in an ol der subject (Kt with age) for nerve endings sensitized by rel ease
of serotonin or other huneral factors (6t !) and trauma (0f 1) while
anel i orated by acclimatization (KI with creep) or plasma expanders (0f ).

Moreover, in absolute ternms, the &t value fromlnman and Saunders conbi ned
the value of vestimated for a diver whose m ni num bends depth is fsw gives
a Kvalue within 10% of that for excised tendon.

Rel ation to dive paraneters

Wi | e t he sinpl e mechani cal nodel can interpret nany of the widely differing
features of |inb bends, we need to knowwhet her this extends to the paraneters
of a dive.

Let us again consider the sinple case of an exposure to a pressure (P1) by
i medi at e deconpression to Ps.

If the nitrogen tension at P1 is PNy i mediately prior to deconpression and
is then reduced to Pnp by ‘ dunping’ nitrogen into the gas phase until a quasi
phase equilibriumis established at P2, then a sinpl e nitrogen bal ance gi ves:

n P, = Sne- PN - Sne- Pne ... (4)
(N2 dunped (N2 initially (Np left
from sol ution) in solution) in solution)

where SNp is the solubility of nitrogen in the tissue.

This nowrelates v to the nitrogen tensions before and after deconpression.
Bef ore deconpression:

PNo = FI No( Po- Pw) + FINo( Po- Pw) ... (5
(nitrogen before (nitrogen taken up
conpression to Pq) intime t at Pq)

where Pg i s nornal atnospheric pressure, Py is water vapour pressure at body
temperature, F/Np i s the volune fraction of nitrogen at body tenperature and
gt is the function of tinme (t) for uptake [for the particular case where a
steady state has been reached at P1, o (t )= 1]:

St eady state: Pne = FINo(P1-Pw) ... (6)
The only remai ni ng unknowninrelatingthepainthresholdd todive paraneters

is now P ' np. This can be resolved by a sinple pressure balance - but only
for the “worst possible case”.
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Wor st Possi bl e Case

This is the state where at | east one out of many nillions of m cro-regions
of the tissue has ‘dunped’ all gas in excess of saturation to come to phase
equilibrium This is the worst possible not only because it represents the
maxi mumvol ume of gas whi ch can separate fromsol ution, but thereis thenthe
| owest drivingforcerenmainingtoelininatethat gas fromthe tissue via bl ood
- see p. 18.

I n any bubbl e t he absol ut e gas pressure i s determ ned by t he ext ernal pressure,
t he pressure needed to push ti ssue aside in form ng the bubbl e and t he ef f ect
of surface tension (y) as described by the Laplace equation (2y/rSDO6(b)).
According the Dalton’s Law this total absolute pressure nmust equal the sum
of the partial pressures as depicted in Figure 3.

Pn =P+B-m (7

where Bis a small constant as defined in Figure 3 and m= Pycp + Pycop + Pw
and i s approxi mately constant provided Py,p does not exceed about 100 nm Hg.

Summation in Bubble

Mechanical Partial
Pressures Pressures ,
Bubble Curvature
(2%/y,) Pw
Tissue Compliance PCO, Figure 3
PO
(dg) 2 The sumof t he nechani cal
P A contri butions to bubble
A gas pressure must equal
the sum of the partial
pressures of all gases
present - Dalton's Law
/
PNz
Absolute
Pressure (P)
/’ ) IV
A
0
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Deconpression ratio

In the past nmuch attention has been paid to the use of deconpression ratios
of *M values, soit isinmportant tosee whether the sinple nechanical approach
to bends pai n can expl ai n t he apparent adherence of deconpressionlinits to
a ratio concept.

Let us agai n consi der the sinple case (Figure 2) of a diver who has attai ned
stead state at P; being deconpressed to a pressure Py (ie. P= Py in equation
7). Elimnation of unknowns in equations 3, 4, 6 and 7 gives the sinple
rel ati onship:

Py = wo +Y ... (8)
wher e

W = (Vv + S\N2)/ SN2 FNe

Y = [(v + S\))(B-m + Py FN2- SN2l / She- Fi N2

which is a small constant if v is constant.

Much nore i nportant is the fact that the gradient (W is constant if the vol une
(v) is constant.

Equation 8 can be re-writteninterns of aratio (M= PSDO5(1) / PSDCB(2)) as:

M

P1/ Py

W+ Y/ Py ... (9)

Thus the sinple nmechani cal approach gives a linear relationship between P
and P, - in fact, alnost aratio since Yis small. It predicts a decreasing
rati o (M as Ppt) as many proponents of popul ar cal cul ati on net hods nowprefer.

Actually a linear relationship offers a better separation of experinental
bends and no-bends points as seen in Figure 4.

It al sooffers anuchbetter correl ati on between di vi ng and aeri al bends where,
by asinpleratio, aval ue of around 2 woul d apply for di vers but 3for avi ators.

PULL THE OTHER LEG(S) ?

Two patrons of acity hotel were startled by al arge octopus onthe fl oor of al adies’
toilet. The wonen told the managenent of the Hyatt-Regency Hotel they found the
oct opus outside a bar on the 22nd floor. The assistant manager, M Chie Collins,
sai d the octopus was apparently placed there by two wonen dressed in arny fatigues
who were seen carrying a rubbish bag into the toilet. No one was hurt.
Australian, 24 April 1978

DD THEY CHECK I T WAS A FEMALE OCTOPUS?
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Figure 4
Data from Henpl eman (1957)

Nunber of tissues

Returning to the list of issues (p. 4) for which answers nust be found or
assuned in the devel opnent of any nodel based upon fundanental s, the next
question concerns the nunber of tissues, or rather, tissue types involved in
linmb bends. This is inmportant since it determ nes the nunber of i ndependent
constraints to be appliedtothe formul ati on of t he deconpressi on and, hence,
t he nunber of independent equations to be used.

One m ght expect that, if the Hal dane rational e applied, then "triggering"
the 10 mn "tissue" would provoke a different response to "triggering" the
40m n"tissue" and yet nocorrel ati on bet ween t he synpt omand any hypot heti cal
"tissue" has ever been shown. Hence there would seemto be no good reason
for assum ng nore t han one ti ssue- at | east, no nore t han one anatom cal tissue
is involved in [inmb bends.
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If there were several tissues, then one would expect a transition point in
t he dose-ti ne curve whenever one superseded anot her intheinmm nence of pain,
ie. a‘kink’ inthe no-stop deconpressionlimts and yet none i s perceptible
in the data for air or heliox.

Simlarly, if wereturntothe case of sinple deconpressionfromP;to P, where
P, is ‘titrated’ to margi nal bends, then we woul d expect a transition if one
tissue were to ‘take over’ fromanot her as bends-deterni ning. however, once
again, notransition point could be detected until the pressure was i n excess
of about 300 feet (Figure5) whenthe P vs. Porelationshipfollows adifferent
linear relationship, but vestibular DCS are then the presenting synptons.
Hence anot her tissue nust be included for depth of over 300 feet, but there
isthenanplejustificationfromthe synptomatol ogy. However, for /inb bends
there woul d still appear to be no reason to assune that nore than one tissue
type is involved - and tendon would seem a |ikely candi date according to
previ ous di scussion (p. 8). The next question concerns howthis tissue takes
up inert gas.

300'-

Figure 5

Data from Henpl eman (1975).
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How i s gas taken up by tissue?

So far we have consi dered only t hose deconpressi ons where t he nan has reached
a st eady- st at e bef or e deconpressi on, i e. where hi s pre-deconpressi onnitrogen
tension is independent of tine as expressed by equation 6.

However, for shorter bottom tines or further deconpression to shall ower
depths, it is necessary to estimate tissue gas content in the Iight of the
past history, ie. Pyp is nowa function of time. The question is then which
function do we use. It is obviously an asynptotic function to allow for
attai ning steady state, but there are thousands fromwhi ch to choose and t he

popul ar exponential (as wused in the Haldane rationale) is just one
possibility.

a PERFUSION LIMITED
arterial
tension Pg l

IN R e— el wenous
blood:Q N tension
os:QSPq . . By ¢ BULK DIFFUSION
PPN Blfmﬂ Q ouT
gos: QASppv PG| ——
b DIFFULIGN KU,J) urf Wl
Pa =t |---capiLary waLL }
{area &) :
Gas {
tension : Blood | Tissue
{
Py ;
Blood | | Tissue { volume Vv ) l
Solubilities  Sp | | S, !
I
L ]

Figure 6
Various nodel s which have been used to try to quantify inert gas uptake.

To try and answer this question fromfundanentals we need to deternine the
appropriate nodel (Figure 6) for gas exchangeinthe critical tissueandthis
i medi ately raises the very fundanental question concerning whether the
upt ake of aninert gas is limted by the circulation (bl ood perfusion rate)
or by diffusion when the rel evant diffusion barrier can be either a nenbrane
or the whol e bul k of cellular material - see Figure 6 for alternative nodel s
whi ch have been proposed.
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To put these in perspective, let us consider and individual who has just
switched from air to heliox breathing at normal pressure. The rmacro
distribution of helium will be effected by the circulation while its
subsequent assinilation by the extravascul ar ti ssue nust occur by diffusion.
Thus bl ood perfusi on and extravascul ar di ffusion are two transport processes
in series, but which is rate-controlling?

There is a vast literature relevant to this issue, but very little can be
consi dered deci sive. However, to put many of these studies in perspective,
we might returnto the above case of the individual who has just switched from
air to heliox. The highest tension of heliumw Il occur in arterial blood
(pa) while nean tissue (-pt) will be the |owest. One can then argue that if
thetensionis at theinterface between the perfusion and diffusion transport
processes is closer to arterial, then uptake is largely diffusion-limnted;
otherwise, if this tension is closer to nmean tissue tension, it is largely
perfusion-limted. Unfortunately this gas tension at the capillary wall
cannot be neasured, but venous (py) may be taken as a good reflection of it.
Hence the fact that Kety and Schmi dt found that venous tension (pg) lay so
close to their estimated mean tissue for NoOin nonkey brains was taken as
strong evi dence t hat upt ake was control | ed predoni nantly by the circul ati on.
Thi s has provi ded t he basi s for the conventional concept that bl ood perfusion
istherate-liniting process and t hat venous bl cod | eaves i n equilibriumwth
tissue (py = -pt). This gives a sinple exponential function as the tine
response for a single tissue as needed by the Haldane rationale for
deconpression formul ation. The nmenbrane nodel (b in Figure 6) would al so
predi ct an exponenti al .

Pa
P, (.

\pr-pmpv-b’}

INERT GAS TENSION —>

Pa-Py >Py~P Py-P,< P, -By

:-O-‘-a--—n--nm-- 125

TIME s

Figure 7
Arterial (pg), venous (py) and nmean tissue (-pt) tensions of inert gases in
brain nonitored after a sudden switch to that gas in the breathing mx.
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However, nore accurate analyses nmonitoring isotopes indicate that venous
tension starts by followi ng ACOLVS1(-, p)SD™O(t) but then noves close to
pSDO6(a) withtime (Figure?7), ie. uptakestarts perfusionlimtedasthefirst
of the new gas enters the systemand t hen changes to predom nantly diffusion
limtedas theincreasedassinilationreducesthe gradients. However the sane
data can be equal | y wel | interpreted by sayi ng that venous i s t he m xed venous
outfl ow frommany zones of the sanme tissue, so the only conclusion is that
the final nodel is nore than either (a) or (b) in Figure 6, and is either:
1. heterogeneous perfusionof thecritical tissueinwhich
each mcro-region would have its own half-tinme (but
this wouldstill not explainadifferent Mval ue needed
for each), or
2. the rate-limted node of uptake is bulk diffusion
(nmodel Cin Figure 6), or
3. uptake is controlled by both processes.

a DIFFUSION and PERFUSION
Two-phase model

Q

o T~ a
arterial venaus
blood Extracellular | Dblood

tension p,=py
( bulk diffusion)
b PERFUSED
arteriol i&

blood "“"‘\‘T""_"‘”""—\%
g ‘ venous
Lol =

.V." ‘

Figure 8
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I f we consi der the nost uni formy perfused organ | arge enoughto viz. isol ated
skel etal nuscl e, the cl assi cal studi es of Renki n have that t he upt ake of inert
tracers is circulation-linited at | ow bl ood perfusion rates and diffusi on-
limted for high flowrates. Unfortunately, the normal physiol ogical range
lies internedi ate between these two liniting cases so that neither diffusion
nor perfusion can be ignored. This probably applies to the critical tissue
al so, so a conprom se between the two i s envisaged - Figure 8. This is the
Kety concept of the stirred tank but taken only as far as the walls of the
cell - inmrersed as though it were an irregul ar shape of effectively uniform
permeability in which gas is assinilated by rel atively sl ow bul k di ffusion.

Sunmary

So far, this discussion has been concerned with the nechanism for the
occurrence deconpression sickness rather than its prevention. This has
i ndi cated that the pain of |inb bends has a si npl e mechani cal basis whichis
easily quantified and nost likely refers to just one anatonical tissue type
(probably tendon or anot her tight well innervated connectivetissue) inwhich
gas uptake is controll ed by both the bl ood perfusion rate and diffusioninto
t he bul k of extravascul ar tissue. The next step is to see howthis sinple
nodel can be used to optinise a deconpression, but it was first necessary to

test its conpatibility for non-optinal situations. After all, you my

di sagree with the way the other fellowfornul ates his deconpression, but you

must still predict the outconme of the trials of his nethod by your nodel.
CPTI M SATI ON

Let us consider a diver who has just conpl eted his task on the bottomw shes
toreturnto the surface safely yet without wasting time unnecessarily. The
i mredi ate question is how far does he deconpress on the first ‘pull’? Does
he deconpress all the way to a | evel just deeper than his bends point or is
there some other criterion which determines his optinmal depth?

If that particul ar phase of the deconpressi on woul d enabl e t he man to surface
then the answer is obviously ‘yes’. However, if bends would occur before
surfaci ng, then do we deconpress al nost to hi s bends poi nt or st op nuch sooner ?

Conventional ‘supersaturation’ approaches to deconpression, as presentedin
the mul titude of neo-Hal dani an cal cul ati on nmet hods, assumne t hat no gas phase
is formed if you do not exceed the “trigger points” as expressed by ratios
or ‘M val ues. The all-inportant question is does a sub-synptonmatic
deconpression initiate the gas phase? By the nodel developed in this
di scussi on, we nmay have a good correl ati on between t he i nci dence of bends and
other factors for single deconpressions, but when does the primary event
actually occur?

Poi nt of inception of gas phase

There is three basically different approaches to describing the point of
i nception of a stable gas phase in tissue:
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1. The bends point
2. Point of phase equilibrium and
3. Some intermediate “trigger point”.

If the second of these is true, thenit is nost disturbing since it inplies
that tables forrmulated by the other approaches are provoking bubbles -
i ncl udi ng nost conventional diving tables and US Navy tables in particul ar.
However, before attenpting to pursue this matter, it i s desirabl e to knowwhy
thisis such aninportant i ssue. After all, why should afew®“silent” bubbles
be so serious if they are not causing pain or other synptons?

I nportance of supersaturation vs. equilibration

The intention of all approaches to deconpression fornmulation is to sel ect
conditions which will give the maxi mumrate of elimnation of inert gas from
ti ssue at each nonent. Conparatively little can be done to change the
resi stance to the transfer of the gas, but a great deal can be done to sel ect
the optimal driving force for transfer of the tissue inert gas to blood for
its elimpation via the circulation, eg. APSDOb(Np) for air diving.

Driving force for N, elim nation

The gradient for nitrogen elimnation is sinply the tissue-blood gradient
where the bl ood tension for an arbitrary absol ute pressure Pis given by Fing
(p-pw as per equation 6. The real problemis the value to use for tissue
N> tension, ie.

Pno for gas remaining dissolved, or
whet her
P'N2 Where gas in excess of equilibrium has been ‘ dunped

Thisleadstotwo very di fferent equations for theall-inportant drivingforce
for nitrogen elinmnation fromtissue, whether it is:

IN SOLUTION AP = P - Fine(p- pw) ... (10)
OR

WTH SEPARATION: APp = A1 - Fipng + B- i . (11)
wher e m = m - pwAIN

Thi s conparisonis extrenelyinportant sincefurther deconpression (P{) woul d
increase AP\p if all gas renmins dissolved but decreaseit if thereis phase
separation, since phase FyN2 nust be less than 1 (0.8 for air). Thus the
popul ar practice of deconpressing as far as possible on the first ‘pull

towards the surface, so characteristic of US Navy schedul es, coul d have the
diametrically opposite effect to that intended. |In other words “by getting
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the hell out of it” onthat first long pull towards the surface, the driving
force for nitrogen elimnation is actually being decreased rather than
increased - |F phase equilibration best describes the primary event. It
therefore becones inperative to establish whether a sub-synptomatic
deconpression can cause gas to separate from solution in the critical
tissue(s).

“Sil ent” bubbl es

There is now overwhel ming evidence that bubbles can be present during
asynptomati ¢ deconpressi on. This includes exam nations of sacrificed
vascul ar wi ndow, X-ray studies, nmeasurenent of cerebrospinal fluid vol une,
conductonetric nonitoring of tissue and ultrasonic surveys. Even a device
as crude as the ultrasonic bubble detector based on the Doppler principle
i ndi cates a host of venous bubbles in asynptomatic divers - often after the
first long ‘pull’ towards the surface if using USN schedul es.

However it can al ways be argued t hat t hese i ntravenous bubbl es are irrel evant
- particularly if we adopt the mechani cal approach to bends pain discussed
earlier. After all, nitrogen is five fold nore soluble in fat and, froma
structural standpoint, adipose tissue can be considered weak. Hence it is
easy to envi sage the | arge vol une of extravascul ar gas bursting the capillary
wal | depositing bubbles, fat enboli and portions of endothelial cells into
the circul ati on where they appear about the sane tinme. El ectron m crographs
have been taken showi ng extravascular gas entering capillary blood in
cut aneous ti ssue. The | arge vol une of nitrogen woul d not gi ve pai nin adi pose
ti ssue due to the | ack of nerve endi ngs. Thus Doppl er sounds probably refer
tofatty tissues which would reflect the state of the critical tissue to sone
extent - hence the poor yet positive correl ation between bends and ‘ venous’
Doppl er sounds.

It would therefore seen norerelevant toturnto studies where a “tight” well
i nnervated connective tissue has been nonitored.

Conductonetric studi es

The electrical conductivity of rat tail has been nonitored during
deconpression, this being predom nantly tendon. Electrical resistance was
found to increase, the nagnitude of the increase being greater for those
ani mal s which had respired a nore soluble inert gas. Wereas this and the
reversal upon reconpression |left no doubt that the electrical changes were
caused by the separation of gas fromsolution, the interesting feature was
t he absence of any change until a mnimal deconpression of 95-145 nmHg had
been reached - whatever the inert gas present (Figure 9).

Thi s threshol d deconpression for the appearance of the gas phase happens to
coincide with the position of phase equilibriumin extravascular tissue
(Figure 10) and agrees well with the altitude for the onset of bubbl es as seen
by X-rays.
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El ectrical conductivity of a rat tail nonitored during deconpression to
altitude at a uniformrate of pressure change. Data fromHlls (1971).

ATMOSPHERE  “ALVEOLAR" ARTERIAL VENOUS CELLS
(ORY) AlR BLOOD BLOOD
Abselute
Pressure 1
. 8
H,0:47 . ‘tion:60 e .
H,0:47 o ecampression
€0,:41 Lo
. paiiS—  —
0,:152 €0,:41 H,0:47 |
H,0:47 Point of
PARTIAL C0,:47 true

PRESSURE 0,:103 o.:88 r saturation

: CO,: 49

oR ? 2
TENSION 0,:37 0, 10
L} [} ] 1 ] ] ] L] ]
] [) ) ] ) ) ] 1 )

1 N:608 4 1 N;:569 1 N,;:569 ., N;:569 1 .« N;:569

FIG. 10
o STEADY STATE

40



I nherent unsaturation

This i nmedi atel y rai ses t he questi on of why t he position of phase equilibrium
di ffers fromnormal atnospheric pressure in a subject who has al ways breat hed
nor mobari c ai r and ni ght be consi dered “saturated”. Thereasonisthat, while
Dalton’s Law of partial pressures nust apply to the gaseous phase, it need
not holdinliquids; sothat the conversion of arelatively insolublegas (Q)
into a much nore sol uble one (COy) by netaboli smcauses a pernanent deficit
in the total gas tension of tissue relative to absolute pressure. This
i nherent unsaturation is depicted by the shaded area in Figure 10. Such
reasoninginplies that theterm“saturation” divingis amsnoner and “steady
state” might be nore appropriate, since only a dead diver could reach true
saturation before the start of deconpression. The inherent unsaturationis
very inmportant not only because it deternines the position of phase
equi | i bri umupon deconpr essi on, and hence t he poi nt at which the first bubbles
can start to form but it provides a permanent driving force for dissolving
gas in the body. This includes not only bubbles but intrapleural gas, gas
in an occluded bronchioles or a bl ocked sinus, etc.

It has been denonstrated very sinply by a seal ed subcut aneous t ube made from
a non-col | apsible plastic perneable to all gases and water vapour. Over a
period of a fewhours, the tube devel ops a partial vacuumof 80-100 mmHg and
stays at that value ad infinitum WMreover, if the breathing m x or pressure
is changed it noves to anot her val ue deternined | argely by the nagnitude of
the inspired Ppp Thus the subject who has breathed pure O for a few hours
at normal pressure has an inherent unsaturation of 600-700 mnmmHg, so that he
can deconpress by this amount without any fear of induci ng bubbl e formation.

Moreover the unsaturation also provides the driving force for dissolving
bubbl es. Let us consider the transcutaneous tube whi ch has reached a st eady
state by virtue of all gases and wat er vapour equilibrating with the adjacent
tissue. If therigidtube were suddenly renoved, the gas woul d be conpr essed
by the inherent wunsaturation and this conpression would disturb the
equi libriumand, in so doing, provide adriving force for dissolving the gas
equal in magnitude to the original inherent unsaturation. Thus the inherent
unsaturationis particularly desirable and fundanmental to the whol e probl em
of formul ati ng deconpressi on.

Deci si ve tests

The foregoi ng evidence indicating that gas could separate fromsolution in
ti ssue for much | esser degrees of supersaturation, if any, than inplied in
conventional cal culation nmethods led this witer to claimthat such diving
(including USN schedul es) were not preventing bubbles but were really
treatnent tabl es for containing subsynptomati c gas bel owt he pai n- provoki ng
threshol d. However, such a serious inplication needed a definitive test,
since previous experinmentstotrytosettlethisissue hadinvolved searching
for gas in one way or another and all such direct nethods may have been
nonitoring an irrel evant tissue.

A crucial test which avoids identifying the critical tissue anatom cally
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has expl oited the di fference i n APSDO5( No) dependi ng upon whet her gas renai ns
insolution (equation 10) or i s ‘dunped’ intothe gaseous phase (equation 11),
the significance bei ng enphasi zed on page 18. Let us therefore consider a
man who has spent one hour at 160 feet on air and has fol | owed t he appropri ate
US Navy air tabletothe end of thetinme nornally allotted to the 20-f oot stop
- Figure 11.

Figure 11

Titration of a last stop at 10, 20 or 30 fsw on the sane goats. Data
fromH Ils (1968).

I f no bubbl es have been forned to that point, as assured in the formul ation
of the tabl e based upon P\ rather than P p\p, ie. by neo-Hal dani an r easoni ng,
t hen deconpressiontothe 10-foot stop at that ti me shoul d provi de nore dri vi ng
forcefor nitrogenelimnination (equation 10) and hence a saf er deconpr essi on.
Ont he ot her hand, if nuch gas separated fromsolutiononthat first long"® pull’
to 60 feet, and t he subset deconpressi on has sinply been “treating” them then
we shoul d use P'pnp and equation 11 rather than equation 10 to determ ne the
true outcone. It would then be better to renmain at 20 feet when the driving
force is greater than at 10 feet (AP N2t as Pt in equation 11) and surfaced
directly from20feet. Wientotal deconpressiontineswere‘titrated to bends
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points on the sanme animals, it was found to be nore efficient to surface
directly from20feet thantoinclude a 10-foot stop (see Figure 11) indicating
that the gas phase is present in the critical tissue during this particular
USN deconpression and probably during many others based on the sane
cal culation nethod. This finding is conpatible with the observati on conmon
i naviationthat preoxygenationis muchlesseffectiveinelimnatingnitrogen
if undertaken at altitude as opposed to ground |evel (ie. AP N2t as Pl when
the gas phase is present).

Thi s point has been enphasized since it points to a very fundanental and
signi ficant i nadequacy i n conventi onal cal cul ati on net hods used to formul ate
di ving tabl es, ie. any separation of gas fromsolution can greatly reduceits
rate of elimnation fromtissue.

ptim sation

VWll, it is easy to be critical, but does the concept of the ‘worst possible
case”, ie. phase equilibriumand the i nherent unsaturation, really offer any
better alternative? This witer believes that thereis areservoir of nucl ei

intissuew th aspectrumof energies for their activationinto stabl e bubbles
capabl e of growth and, hence, the inception of bubbles is a sonewhat random
process. However, whereas nost areas retain their supersaturation, it only
requires one out of maybe nany mllion nicro regions to ‘dunp’ its gas for
i b bends to occur. Thus the “Thermodynanmi ¢’ approach consi ders this ‘ worst

possi bl e” case to be the nost relevant. This concept has subsequently been
re-named “Ni | Supersaturation”, and “Zero Supersaturation” by ot her workers.

Thecriterionfor optimsationisthereforeone of avoi di ng any supersaturation
and yet not wastingtinein deconpression, ie. keepingthe onetissuefor |inb
bends just on the point of true saturation. However, if bulk diffusionis
one of the resistances to gas transfer, we nmust apply the phase equilibration
rule to each point and not just to the value of total gas tension averaged
over the whol e tissue. Thus we nust estimate the peak total gas tension and
t hen deconpress by reduci ng pressure until it coincidesw ththis peak (Figure
12). Thus the deconpression continues until the diver has the anobunt of gas
inhistissue which he couldtolerate onthe surface. At this point (usually
around 20-25 feet) he “drops out” and forns the gas phase but to just bel ow
t he pain provoking volunme as defined by equation 3.

Fi gure 12

HOW ANEMONEFI SH SURVI VE SEA ANEMONE NEMATOCYSTS

Doug Wal | i n has reported (Sea Frontiers, 24(1), 1978) recent studi es of this surprising
survival of anemonefish in its chosen habitat. The nucus covering the skin of each
fish contains an inhibitor chem cal that prevents the nematocysts fromdi schargi ng.
The fish acquire this ability after birth, lacking this imunity when first settled
fromthe pl ankton. This takes about an hour, during whichtine it repeatedly brushes
briefly against the tentacles. The anenopne tentacles thensel ves nust obviously
contain a sinmilar chemcal to avoid stinging each other into inpotence.
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The Thernodynani ¢ (Equilibriun) concept of deconpression formulation

The net effect is to introduce nmuch deeper stops and redistribute
deconpression tinme towards the deep stages by conparison with conventi ona

neo- Hal dani an approaches - see Figure 13. Thus the Thernodynam ¢ approach
pi oneered t he concept of deep stops whi ch have subsequently been introduced
into nost commercial tables by trial and error. At least, it provided a
theoretical basis to justify the enpirical nodifications found necessary in
order to reduce the high bends rate which those cal cul ati on nmet hods were
otherwi seincurring. It al soexplainsthenuchnoreefficient nmethods devi sed
over years of trial and error by Ckinawan pearl divers operating off the
Nort hern coast of Australia.

O her Synpt ons

So far we have concentrated upon |inb bends on the basis that their total
avoi dance al so avoi ds 99% of ot her synptons. However this is not entirely
true, sowe nowneed to | ook at the predi sposing factors and thentry to avoid
themwi thin the framework al ready outlined for programi ng t he deconpressi on
based on |inb bends.
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We cannot be sure of all the predisposing factors but two which seemto be
energi ng are:

1. Avoi d arterial bubbles which can | ead to cerebral and,
possi bly, spinal DCS, and

2. Avoi d excessive tissue gradients of the heavier inert

gases, eg. nitrogen, which tend to give vestibular
probl ens.

The first of these relies upon maintaining the lung as an effective bubble
trap for the nmass of asynptomatic bubbles (and other enboli) which
deconpressi on can produce i n the venous system- largely derived fromfatty
tissues. Qur research on the lung is still at an early stage, but bubble
filtering action seens to be inpaired by:

1. Poi soning of the lung by excessive O, for too long a
period. This inplies conservative use of oxygen for
prevention and treatnent.

2. Contam nants in the breathing mx.

3. Over | oad of the | ungs by bubbl es. Thisinplies avoi di ng
deep air diving where | arge anmounts of nitrogen can be
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liberated fromfatty tissues in whichthis gas is nost
sol ubl e.

4. Reconpression. This suggests giving the mninmm
reconpression to a diver with linb bends for fear of
permittingtrappedbubblestoenter thearterial system
and produce a CNS “hit”.

On the last point, there have been several cases of asynptomatic divers
acconpanyi ng a col | eague to pressure who has a li nb bend, only to devel op CNS
synpt ons t hensel ves.

Vest i bul ar probl ens

Vesti bul ar problens can occur wthout deconpression if there are |arge
gradi ents of the heavier gases. The nechani sms whi ch have been proposed
i ncl ude:

1. counterdiffusion supersaturation

2. gas-induced osnosis, and

3. counterperfusion supersaturation

Thefirst isunlikelysincethe mechanismrequiresalipidlayer of appreciable
t hi ckness and there is no such diffusion barrier in the inner ear. However,
whi chever mechani smpredom nates, all arerealities insone tissue and woul d
act inthe sane sense i n produci ng | ocal pressure differentialstoinsult the
vesti bul ar apparatus. According to each, it woul d seem advi sabl e to avoi d
excessi ve gradients of heavy gases by such neans as:

1. Adding a little nitrogen to the diving mxes if the
subject is going to switch to air upon transfer from
the diving bell to the DDC.

2. In going to 500 feet for exanple, conpressing part of
the way, say to 100 feet, onair to force sone nitrogen
into the niddle ear.

3. Slowy venting the bell with air before transferring
the divers to the DDC

Breat hi ng m xture

So far we have only considered the rel ati onship between depth and tinme in
progranmi ng the deconpression - wth deconpression sickness as the sole
constraint. W really need a sinultaneous optinisation of depth vs tine vs
oxygen fraction inwhichthereis afurther constraint contributed by oxygen
poi soni ng.

However this requires the limts for oxygen poisoning to be expressed
quantitatively - not just for a constant inspired PSDO5(Op) as quoted in the
USN manual , but for a conpl ex oxygen hi story so comon i n di ving. Two net hods
have been proposed:
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1. That based upon the total UPTDs (unit of pul nonary toxicity dose) based
upon changes in vital capacity of the lung. This gives sone “handle”
on t he maxi num oxygen whi ch the lung can tol erate over | ong periods but
is rather restrictive in optimising sinceit cannot allowfor the known
regression of the insult upon return to a sub-toxic mx.

2. Acumul ative oxygen toxicity index (COTi) aimed primarily at predicting
t he onset of neurol ogi c synptons of Oy poi soning for which there are no
reliable warning signals until it is too late to prevent. This index
i s based upon the principle of superposition (Figure 14) which seens to
hold to within £ 10%in animal s and nen.

The second approach al |l ows for regressi on of the oxygen i nsult upon reversion
to a non-toxic breathing m xture and has been used for a simnultaneous
optimisation of depth vs tinme vs breathing nmixture whichis not sodifficult
to inplement if a conputer is avail able.
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Sinple arithnetic basis for the Cunul ati ve Oxygen Toxicity I ndex
- fromHIlls (1976).

47



“I'S 1T SAFE FOR WOMVEN TO SCUBA DI VE DURI NG PREGNANCY??”

I f a wonan asks ten different obstetricians this question, she will probably get ten
di fferent answers, none of which are substantiated with case histories of pregnant
scuba divers. Factual information on the effects of scuba diving on the pregnant
woman and the foetus is practically non-existent. Opinions which have been offered
by di vi ng physi ol ogi sts are contradictory and based upon studi es of rats breathing
hyper bari ¢ oxygen and Japanese breath-hold divers. To date, no research has been
publ i shed on any studi es of pregnant scuba divers.

Mar gi e Bol t on, a graduat e student in nursing at the University of Floridaand a seni or
advanced diver, is conducting a survey to collect information fromwonen who have
been pregnant since scuba certification and within the last five years. Wnen who
dive prior to, but not at any tinme during pregnancy, for the purpose of descri bing
and conparing diving and obstetric histories.

Questionnaires will be available 1 June 1978. Results of the study will be nailed
to all participants and will be submitted for publication in diving and nedi cal
journals to better informthe diving public and nedi cal personnel of the findings
of the study.

I f you know of soneone who woul d be interested in participatinginthe study, if you

woul d I'i ke nore i nformationor would|liketo hel pbydistributingadvertisinghandouts

to your | ocal dive shops, instructors, dive clubs and obstetricians, pl ease contact:
Margi e E Bol ton

3311 NW30th Ave
Gai nesville, FL 32605

* *x * % * *x *x * *x * *x * * *x *

NO SEX ON THE RI G

Ms Jennett O Keefe, associateto WA's onl y Cormonweal th Conciliation and Arbitration
Conmi ssioner (M Jim Colenman), was forced to stay ashore recently when the
commi ssi oner, enployer, and union representatives inspected working conditions on
the of fshore drilling rig Regional Endeavour. The owners, Atwood Cceanic, refused
to l et her aboard because of her sex This followed a week of argunents agai nst M
O Keefe’'s presence by the conpany, according to M Boronovskis (secretary of the
Merchant Service Guild). “I was absolutely amazed.”, he said, “They even used the
separate toilet argunment”. It was claimed that the enpl oyers wi shed to spare her
the possibility of seeing a naked man, dress standards being casual on tropical
of fshore rigs. As a clincher it was suggested that her presence would so distract
the nen that she woul d i npair safety procedures. It was predicted that if there was
a sudden energency the workers would all abandon their duties to rescue the wonan,
|l eaving the rig to its doom

M Bor onovski s rai sed t he poi nt that at atinme whenthey are traini ngwnen astronauts
for the noonit is hard to believe that they cannot be allowed to visit an oil rig.
This brought the witty response that “they send nonkeys to the noon, too”.

This report (Australian, 11 February 1978) casts a newlight onto the prevention of
rig accidents. The too-gentlemanly rig crewshoul d be repl aced by t he t ougher m nded
managenent staff. They woul d seem however, to be eminently suitabl e candidates for
positions in the PR department of the firm
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EVACUATI ON OF DI VERS UNDER PRESSURE
Commander SA Warner - Chief Inspector of Diving, Departnent of Energy, London

For several years discussions have centred around the action that shoul d be taken
to safeguard divers who are in saturation or in long diving schedul es when an
evacuation situation arises.

Great care has been taken when studying past discussions, that the view presented
was not di storted by enotion. Nobody wi Il deny that t he t hought of divers bei ng | ocked
in a chanber and unable to assist thenselves in the event of a blowout, fire,

collision, etc. presents a horrifying picture. However, it is estimated that
consi derably | ess than 200 nen at peak period, are at possible risk in the whol e of
t he Northern European area (probably | ess than 100 in the UK sector). |n nany cases

these men are on board a ship which has the nmobility to get itself out of trouble
under some sets of circunstances.

There i s no one systemwhich will cater for every eventuality and consi derabl e care
must be taken to ensure that badly thought out and quickly introduced “good i deas”
do not put men at nore risk by introduci ng additional hazards.

In order to neet the criteria of “providing every reasonable practicable safety
measure” the foll ow ng conclusions fromstudies to date have been drawn up.

Hi story

Thr oughout the entire world history of the offshore industry, on only one occasi on
was it considered necessary to evacuate di vers under pressure. In actual fact, even
inthis solitary case, the divers woul d have been safer had they remai ned on board.
I n many ot her cases studi ed, in which divers were not invol ved, premature evacuation
resulted in unnecessary casualties.

Preventi on

It cannot be stated too often that the response to an energency situation will never
be as effective as prevention of the situation. There are undoubtedly certain tines
in offshore operations when the risk may be higher. There are also certain tines
when the risk of collision to a vessel is higher. Already 500 nmetre safety zones
are established around installations to provide additional safety.

The UKOQA Diving Committee in discussion with the AODC have accepted an invitation
fromt he Department of Energy t o produce gui dance on t he subj ect of when, if possible,
di vers shoul d not be under pressure.

It goes without saying that the highest standard of collision prevention, fire
preventi on, damage control and fire fighting systens are essential.

Al rborne Transfer

Wth the introduction of the airborne systemfor diver casualty transfer there is
an i nportant “spin-off” safety factor, inthat, the systemcan be adapted for a total
evacuation transfer under pressure of up to eight men. A helicopter transfer to the
nearest conpati bl e chanber is a safe and conparatively sinple exercise.

Crane Transfer

Wththeintroduction of safety vessels ineachsmall areaof the North Seafacilities
for crane transfer of a conpression chanber (part of a conpressi on chanber conpl ex)
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shoul d be made. The safety vessel shoul d be capabl e of providing the essential lift
and the life support services for the chanber once it has been transferred.

Pressure Chanber committed to the Sea (Hyperbaric Lifeboat)

I't has been argued that every personinashipor installationshouldhavethefacility
of a seat in a lifeboat in the event of an energency, and it has al so been argued
t hat passengers in aircraft are not i ssued with parachutes. However, a diver under
pressure requires very nuch nore than basic survival equipnent, and the cost of
producing a safe floating chanber with all the necessary |life support systens is
extremely high.

It is possible and i ndeed probabl e, that the depl oynment of a “hyperbaric |ifeboat”
woul d subj ect the divers to an even increased risk

Premat ure Evacuati on

Wth the airborne transfer or the crane transfer systema prenature evacuation of
di vi ng personnel to an adjacent rig, ship or even to shore woul d not put the divers
at increased risk. However, the prenature depl oynent of a hyperbaric |ifeboat coul d
be danger ous.

Early evacuation by air or crane transfer is to be encouraged, but early evacuation
by hyperbaric lifeboat could introduce greater danger. However, evacuation by
hyperbaric |ifeboat has to be considered and acted on very early in an energency
situation which could | ead to the chanber being cormitted to the sea unnecessarily.

Concl usi on

Wth the state of the art today it is considered that the application of prevention:
backed up by a “fly-away” capabilityanda“lift-off” capability fillstherequirenent
of providing “every reasonabl e practi cabl e precauti on”. The recommendations of the
UKCDA Committee on the applications of preventative techniques will be circul ated
as soon as they are avail abl e.

* *x * *x * % *x * *x * *x * * *x *

PROJECT SEAFARER RATED SAFE

Since its conception, Project Seafarer, the huge underground antenna grid system
proposed by the US Navy for conmmunicating with submari nes, has been controversi al
President Carter considers Seafarer to be essential to national security. O her
persons fear that the extremely | owfrequency radi o waves to be used coul d cause
bi ol ogi cal damage to people (specifically, increased serumtriglyceride |evels),
orientative and navi gational problens for birds, and behavi ourable difficulties for
fishes.

A National Acadeny of Sci ences (NAS) conmittee has noweval uated prelimnary studi es
of potential effects and has concluded that it is “very unlikely” that people |iving
near the Seafarer system if it is constructed, would be adversely affected by it.
The committee did reconmend, however, long-term studies of certain biological-
ecol ogi cal aspects to obtain nore definitive informtion

( Reproduced from Sea Secrets

a publication of the International Cceanographi c Foundation
(vol 21, 1977), to whom our thanks are due.)
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FREE ASCENTS:. A VIEWFROM THE SCOTTI SH SUB- AQUA CLUB
Prof essor ASG Curtis
Presi dent, Scottish Sub-Aqua C ub

| have been asked by Dr D Walker to wite a defence of the practice of free ascents
in the training used by the Scottish Sub- Aqua C ub.

Speaki ng purely personal |y for a paragraph, | would remark that | have been surprised
at the intense and righteous disapproval that some people have evinced on hearing
about our use of free ascents. It seens to me that as soon as we have a perfect
know edge about howwe should dive andtrainit will betimeto start throw ng stones
at those who are clearly anongst the inperfect. W are not at that happy state yet
and the SSACregards its present practices as the best it knows, but is quite aware
that inthe future both the accunul ati on of evi dence and of thought is boundto alter
at least some if not all of our training. Thus the views expressed inthis article
represent the present and t he historical positionbut cannot be heldto be a statenent
of what we may do in the future.

First, what do we do? SSACtraining and testing is not greatly different fromCMAS
or even fromBSACtrai ni ng. The stages whi ch atrainee shoul d pass t hrough are Snor kel
Diver, 3rd Cass Diver, 2nd Class Diver, and then onwards to 1st C ass Di ver and/
or a variety of instructional qualifications. During the open water tests for the
2nd C ass award the trai nee, who by nowwi Il have at | east twenty and probably nore
than thirty open water dives to his or her credit, is asked to conplete, after
appropriate training, atest inwhich aslow (1l netre per 3 seconds) free ascent in
a non-buoyant state from6 or 7 nmetres depth to the surface is perfornmed.

Wy do we do it? Basically for three reasons:

1. Free ascent situations will occur, however careful we are about matters |ike
equi prent servi ci ng, dive pl anni ng, and avoi dance of situations which m ght | ead
to free ascent. After all, a great deal of training is directed towards
situations whi ch never ought to happen, eg. rescuing soneone else. 1In recent
years, as well as earlier, at | east 16 i nci dents per 10, 000 di ves have occurred
in the SSAC in which such events as equi pnent failure, air supply exhaustion,
rescue of panicking divers, and very occasionally unforeseen difficulties in
handl i ng potential |y buoyant articles on wecks, etc. have | ed to the necessity
of making free ascents. Simlar incidents have occurred in other clubs.

2. Qur training philosophy is that training is mainly towards neeting potenti al
energenci es and that it shoul d be practical rather than purely theoretical. In
other words it is better to have sonme practical experience of one’s ability to
cope with a potential emergency situation (sinmulated in training) rather than
a purely theoretical know edge, as this gives greater insight and confidence
as well as proven ability: provided that the risk in training is appreciably
smal l er than the risk in not being practically trained. W should al so | ook
at the likelihood of asituation arising and thus determ ne whet her the training
shoul d be given to every diver or only to those who have both nore experience
and nore probability of carrying out a large nunber of dives and thus of
encountering the situation. W also need to anal yse each situation and the
appropriate response(s) and consi der at what point, taking into account other
practical andtheoretical know edge required, shoul dthetrainingbeintroduced.
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3. At this point we enter an area where information is partially |Iacking.
Nevertheless it is clear that practicing free ascents as we do it (see bel ow)
nmust have a fairly snall risk. The Scottish Sub-Aqua C ub has now conpl et ed
nore than 2800 free ascents wthout incident since the practice was re-
i ntroduced. It can be argued that perhaps a very small anount of barotrauna
nm ght have been detectabl e shortly after the ascents but there is no evidence
fromwhich to suppose that this was so

The Cub is in the process of introducing a regular requirenent for repeat nedica
exam nations for divers and those, adnmttedly few, divers who have been re-exani ned
after undertaking free ascents have shown sign of |ung damage.

Are free ascent accidents nmore frequent in those clubs that ban their practice? W
do not knowas yet, but we do knowthat i ncidents requiringfree ascent do occur during
di ves. Evidence on the incidence of various types of accident in the SSAC is set
out in Table 1. The data for this table was collected in a recent survey.

Basically, the table tells us that air failure is a far comoner incident than
deconpressi on sickness, or hypotherm a, or unexpected sickness unconnected with
diving, manifesting itself during a dive.

It iswrth looking at the events and argunents that |l ed the RNto suggest that free
ascent training should be banned. |In the late 60's and early 70's RN had a snal |
nunber of cases of fatal barotrauna duri ng submari ne escape traini ng, nmai nly anongst
the trainees. The training requires the use of a very fast highly buoyant ascent
wi th speed of 2 netres per second or faster with buoyancy i n excess of 10 kil ograns.
Clearly these very fast ascents do have arel atively highrisk of barotrauna, perhaps
particularly anongst those who have little or no previous experience of being
underwater. |t can be pointed out that the nearest equivalent situation for the
amat eur diver arises either during ABLJ training, in which nmismanagenent can | ead
to highly buoyant ascents, or when wei ght belts are | ost, particularly by those who
have inflated dry suits or who carry a great deal of weight. |If free ascent poses
a great risk to the amateur di ver we shoul d perhaps consi der banni ng ABLJ trai ning
or the use of inflatable dry suits.

Surprisingly the RN does not have appeared to have carried out any detail ed research
into the incidence of free ascent barotrauna anongst amateur divers in arriving at
its recomendati ons and may not have been aware of the type of training that was in
fact beingused. Inthe SSACthe enphasisis first that woul d-be divers shoul dreceive
whol e pl ate X-ray exaninationtoensurethat they are free frombul | ae. Wen practi cal
training starts the trainee starts working on a shot Iinew th great care being taken
to ensure that he or she is very close to neutral buoyancy. Initially the trainee
is accustomed to use a shot line for ascent, finning to ascend. Then the trainee
wor ks on the |ine ascending with his nouthpiece out, but close to hand should the
need for it be felt, breathing out and with an instructor by his side. Wen free
ascents can be done from6-7 netres at the correct speed on the shot Iine, the trainee
then repeats this free fromthe shot. Free ascents fromdepths i n excess of 7 netres
do not form part of SSAC training.

Thus though we recogni se that free ascent does carry sone potential risk there is
a very lowrisk of consequent barotrauma, so lowthat in fact it has not been seen
in SSAC. Al training and diving procedures carry a neasure of risk: for instance
there have been at |east three cases of incipient drowning in pool during SSAC
trai ni ng, happily obvi at ed by wat chf ul and know edgeabl e instructors. But it is clear
that the incidence of the need to carry out free ascents i s very nmuch hi gher, however
avoi dabl e they ni ght have been in a nore perfect world. However the SSAC regards
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free ascent as the solution of last renedy to an air supply failure, which should
be sol ved by preferably naki ng use of a conmpanion’s octopus rig, then by breathing
froman ABLJ, then by a shared ascent and, as a last resort, by free ascent.

The evi dence we have allows us to answer two of the three i nportant questions which
follow, and which sum up the whol e question

Do situations leading to free ascent occur with sufficient frequency to require
training for this formof ascent? Anincidence of one free ascent per 243 di ves (about
6 years diving for the average SSAC nenber) suggests to us that since free ascent
isthe fifth nost conmon diving incident it is well worth training for it, provided
that the answer to the next question is suitable.

I's there an appreciable incidence of risk in free ascent training? The answer to
this is that since no incident has occurred during the 2800-o0dd training ascents it
nmust probably be a very | ow risk.

At this point all we can concludeisthat thereislittleriskinfreeascent training
and that it trains for afairly frequent incident. However it night be the case that
trai ned di vers who have not received free ascent training al so cope just as well with
free ascents as those who are trai ned, so we need to ask: |Is there appreciable risk
in not being trained for free ascent?

The SSAC cannot answer this, but we await data fromother clubs which do not carry
out free ascent training with interest. It should be renenbered that the reasons
which lead a particular diver to choose to carry out a free ascent may represent
failure of reasonabl e nai nt enance of equi pnent, pre- or in-dive checks, m sjudgenent
of situations and incorrect thought at the nmonment of accident, all of which can be
reduced i n i ncidence by better training, but that it is inpossibleto elimnnate such
human failings entirely. W plantocarry out alarger, nore thorough survey anongst
our nmenbers to discover if the frequency of free ascent is related to duration of
experience, and whether it i s cormoner inour earlier trainees thanin our nost recent
trai nees.

PROJECT SEAFARER RATED SAFE

Since its conception, Project Seafarer, the huge underground antenna grid system
proposed by the US Navy for comunicating with submari nes, has been controversi al
President Carter considers Seafarer to be essential to national security. O her
persons fear that the extrenely | owfrequency radio waves to be used coul d cause
bi ol ogi cal danmage to people (specifically, increased serumtriglyceride |evels),
orientative and navi gati onal problens for birds, and behavi ourabl e di fficulties for
fishes.

A Nati onal Academny of Sciences (NAS) conmittee has noweval uated prelim nary studies
of potential effects and has concluded that it is “very unlikely” that people living
near the Seafarer system if it is constructed, would be adversely affected by it.
The comittee did recommend, however, long-term studies of certain biological-
ecol ogi cal aspects to obtain nore definitive information.

( Reproduced from Sea Secrets

a publication of the International Cceanographi ¢ Foundation
(vol 21, 1977), to whom our thanks are due.)
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TABLE 1
SURVEY ON FREQUENCY OF VARI QUS TYPES OF DI VI NG | NCI DENT

Sanpl e: SSAC nenbers. 4868 dives, representing 148 years of diving experience

SHARED ASCENTS 1 incident per 173. 8 dives
RESCUE OF DI VER STARTI NG UNDERWATER 1 incident per 187.0 dives

(i ncluding ascents in which rescuee

did not use own main air supply)
RESCUE OF DI VER STARTI NG ON SURFACE 1 incident per 202. 0 dives
FAI LURE OF Al R SUPPLY 1 incident per 206. 7 dives
FREE ASCENTS 1 incident per 243. 4 dives
CONTAM NATED Al R SUPPLY 1 incident per 270. 2 dives
ABLJ ASCENT USED 1 incident per 486. 8 di ves
OCTOPUS ASCENT USED 1 incident per 486. 8 di ves
HYPOTHERM A 1 incident per 811. 3 dives
I LLNESS NOT CAUSED BY DI VI NG BUT MANI FESTI NG

| TSELF UNEXPECTEDLY DURI NG DI VE 1 incident per 2434.0 dives
DECOVPRESSI ON S| CKNESS 1 incident per 170,000* dives

(Not based on sample but on whol e club data)

* Data rounded to nearest 000.

Not e t hat dat a under sone cat egori es may appear al so i n ot her cat egories. For exanple
failure of air supply was the main, but not the only, cause of shared, free and ot her
ascents, contam nated air supply being the other main reason for shared, free and
ot her ascents.

DROMWNI NG A CASE OF "LOCAL RULES’

Maoris have clainmed a curse, in retribution for damage done to sacred pl aces, was
responsi bl e for the drowning of eight people off the Wi kato coast of New Zeal and
recently. A local |eader said “The drownings will continue as long as the land (in
which a friendly water spirit, a Taniwha, lives) is in other hands”. Another Maori
| eader points out that no Maori had ever been drowned in the area. The curse was
i nposed | ast year and since then the | ocal council and buil di ng contractors have had
a series of mshaps while trying to build on the disputed | and.

Australian, 13 January 1978

54



FREE ASCENT TRAI NI NG
Dr John Kni ght

I have been asked to contribute an article on Free Ascent giving the RAN view |
cannot give an “official” viewbut offer my personal interpretations of current RAN
practice and the reasons for that practice.

Because of past fatalities, the RAN attitude is that Free Ascent training can only
be carried out adjacent to a chanber.

The RAN considers that, although with proper diving procedures there should be no
need for free ascents, a properly trained diver shoul d know how to do one and keep
in practice. In fact RAN free ascent training is buoyant ascent as apparatus and
wei ghts are ditched and the sailor is hel ped up by the buoyancy of his wet suit. The
ascent rate ained at is the standard 60 feet per m nute.

Sone years ago there were deaths during free ascent training. At |east one man died
while being carried unconscious along the jetty to the reconpression chanber.
Fol lowi ngthis free ascent trainingwas only carri ed out when a portabl e reconpressi on
chamber, with a nmedical officer standing beside it, was on the jetty at the point
where the trai nees woul d surface. Unfortunately the portabl e reconpressi on chanbers
are one man deck deconpressi on chanbers desi gned for the unconpl i cat ed deconpr essi on
of afit diver. The deconpressiontechni que they were designed for invol ves t he di ver
in an ascent (at 60 feet a minute) to the surface, imediate entry into the deck
deconpr essi on chanber and i medi at e pressurizationto 10 netres deeper t han the depth
of his first stop. He nust reach this pressure within five mnutes of |eaving the
bottom After five m nutes at this depth deconpressionis carriedout as for a bottom
time of 10 minutes longer than it actually was. For what they were designed to do,
t hese chanbers are excellent. But they are not treatnent chanbers.

They can hold two nmen but the second has to lie beside or on top of the first and
cannot act as an efficient attendant. There is no roomfor any resuscitation. Once
the patient is inside there is no way that anyone can get at him |If he vomts and
i nhal es his vomt the chanber becones his coffin. A further drawback is that the
one man deck deconpr essi on chanber s wer e nade over 20 years ago when t he i dea of mati ng
smal | and | arge chanbers for transfer under pressure was unthought. So there is no
way of transferring the patient to the |arger RAN chanber where he can have an
attendant and be resuscitated i f necessary. The RANi s obtai ni ng new chanbers, both
fixed and portable, with transfer under pressure capabilities which will allowfor
i mediate treatnent at the jetty edge and transfer to the |arger chamnber.

Recently t he RAN appears t o have reduced conpressed air free ascent training and t aken
totraining in free ascent using oxygen breathing apparatus. Wile this still puts
the lungs at risk the enbolus is inherently | ess dangerous as the oxygen will all
be net abol i sed and t he bubbl e wi Il di sappear in the process allow ng restoration of
bl ood flow. The problens of the single man chanber have probably played a part in
this decision. The current practice is to have a nedical sailor with resuscitation
equi pment and a stretcher at the site of training, on a jetty close to the | arge
reconpression chanmber. The training party is | arge enough to provi de at | east four
stretcher bearers. A doctor is in attendance at the School of Underwater Medicine,
| ess than twenty feet fromthe chanber. While this systemdoes increase the del ay
in reconpressing the man by a mnute, the pay-off is better care under pressure.
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ASCENTS
Dr den Egstron
University of California, Los Angeles

Ascents fol | owi ng t he breat hi ng of a conpressed gas have been a maj or subj ect in every
Basi ¢, Advanced and I nstructors course since the inception of diving instruction.
As a result of whatever information was given, literally mllions of safe ascents
have been nmade by the diver involved in the prograns. All concerned have accepted
the fact that overpressure of the lung on ascent can result in damage which m ght
becone life threatening. As the sport has becone nore sophisticated we have seen
a greater attention to the details and possible consequences of inappropriate
behavi our under nearly all conditions of participationwith the gear. It is not at
al | uncommon to recogni ze t hat t he nore one knows about sonet hi ng t he nore t hat person
recogni zes the enornmity of the renaini ng unknowns. The nore we | earn about ascents
the nore conplicated are the answers to questions about ascents. Today | believe
we are sonmewhat victim zed by knowing a great deal and trying to provide ultinmate
protectionin an area where the mechanically perfect solutionw || always be subject
to the variables of human behavi our.

I n ny understanding of the probleml| nust say that | cannot foresee any solution to
t he probl emof ascending after breathing a conpressed gas which will be conpletely
satisfactory if our goal is ultimate protection. In any systenatic attenpt to reach
“the” solution we will be faced with the know edge that it will not provide for all
eventualities. W will be forced to consider “trade offs” which will hopefully put
the risk-benefit ratio into an acceptable framework. At this point | amforced to
poi nt out that, to my knowl edge, t here have been no eval uati ons stati stical or | ogical
whi ch have devel oped an acci dent rat e for any of t he energency procedures i nour sport.
W are told of “increases” in incidence without any information pertaining to the
I evel of incidence for activity. Qur recent exercise in |egislation has shown us
the dangers of using only “failure” data in assessing risk.

I would subnit that our practice of accepting or rejecting a course of action in
ener gency procedures i n general shoul d be based upon an obj ective assessnment of risk
vs benefit based upon actuarial data; or | acki ng such data, at | east | ook at t he nunber
of known probl ens agai nst the background of estinates of participation based upon
data such as certifications, Skin Diver projections or other reasonabl e data base.

The foll owi ng positions regarding this problemshoul d be recogni zed as conparative
and not definitive. | do not believe sufficient data has been accurul ated to t ake

a conplete position.

Ascents can be identified as normal, in which case the diver is required to exhal e
and ascent at a rate which will not cause a pressure differential great enough to
cause danage or abnornmal i n whichthe basic constraints arethe sane. |t woul d appear
t hat our concern shoul d be di rect ed at nmai nt ai ni ng a saf e pressure gradi ent regardl ess
of any procedural choices. Howwe maintain this “safe” gradient under our sel ected
procedural variations becomes an inportant issue.

These procedural variations each have sone rat her apparent strengths and weaknesses.
“Nornmal ” ascent - This practice pre-supposes that no gas trappi ng ci rcunstances are

present and that the rate of ascent is conpatible with the exhal ati on phase so that
a mnimal pressure differential is present.
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W have no requirenment to assure that even begi nners are checked for the absence
of gas trapping defects in their airways.

There is little training in the matter of safe ascent rate. Adnonitions such
as “don’t ascent faster than the small bubbles” are given with little
rei nforcenent.

The checks to insure that divers “al ways exhal e whil e ascendi ng” is apparently
ef fective. The overwhel mi ng ngj ority of divers | ook up, exhal e and ascend sl ow y
in a safe manner.

“Abnornmal ” ascent - This practiceis undertakenin circunstances where anintervening
variable resulting in stress enters the picture. Low tank pressure, equipnent
mal function, |oss of buddy contact, concern for personal safety, etc. are a few
exanpl es.

1

The ri sk appears to stemfroma | oss of self control resulting in a too rapid
ascent rate. The crux of the probl emappears to be the devel opnment of enough
sel f control andrelaxationtoinsurethat thediver will not pernmit asignificant
pressure gradient to develop during the resolution of the problem

2. Any technique which is used will ultimtely depend upon self-control and an
effective |l evel of training.

3. What we should first address ourselves to is the question of teaching safe
ascents, whether normal or abnormal. |f venting is the problemwe nmust teach
themto vent effectively, if ascent rate is the problemwe nust train for sl ower
ascent rates.

4, Al'l alternative energency procedures nust be standardized, overlearned and
reinforced. | suspect that much of the stress involved in using any of the
emergency procedures is aresult of alack of confidence in the divers ability
to perform adequately.

Questi ons

1. Do we have a data base to deal with the probl em objectively?

2. Are there standardi zed procedures for
a. | ow tank pressure and rel ated probl ens?

b. buddy breat hi ng?
C. use of the auxilliary 2nd stage?

3. W1l either the single or dual second stage systemoperate effectively under
all conditions?

a. deep wat er
b. | ow tank pressure
C. two heavy breathers
d. cold water
4. Does the suggested procedure create nore problens than it sol ves?

My i nvestigations strongly suggest that the answer to all of the above questions is

NO

Thus it appears that the eval uati on of any procedure should be responsive to

t he question “Wuld the procedure be safe and effective if it were overl earned and
reinforced to the point where stress was m ninized?
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JO NT MEETI NG OF PDAA AND SPUMS, Mel bourne, March 1978

The Professional Divers Association of Australasia, in conjunction with the
Mel bour ne menber s of SPUMS, provi ded an out st andi ng meeti ng dealingwith aw de range
of divingrelated matters. This was foll owed by nmuch di scussi on over a very pl easant
meal provided through the ki ndness of the PDAA. Pride of place rightly went to Dr
Davi d Youngbl ood, the nmedi cal troubl eshooter for Cceaneeringlnternational. Hstalk
illustrated scope and the responsibility enjoyed (the word seens appropriate for Dr
Youngbl ood) by soneone in his position of overall responsibility for protecting both
t he di vers and The Conpany in that order) fromdangers known and those still barely
suspect ed. He obviously believes that present expenditure on safety wll be
financially correct in the longterm (else he woul dn't be enpl oyed for long!) and
ethically correct at all times. And he enlarged the old cry “Don’t forget the Diver”
to include the topside personnel whose confort, and therefore efficiency, may too
readily be forgotten. The days of demandi ng a tough disregard for confort and risk
are no |l onger in his cal endar, though he has apparently “been there” on a nunber of
tricky and inmportant nonments of diving history. He exudes a quiet air of intense
know edge and of having a very real desire to inprove the safety and care of divers.

He did not spell it out, but it was obvious that he reckoned that noney “saved” by
reduci ng saf ety woul d be but asmall start towards the ulti mate cost of t he subsequent
di sasters. | would trust him*"“topside” anytine.

The probl ens he spoke about were those of saturation diving (the deconditioning
ef fects on the cardi o-vascul ar and rnuscul o-skel etal systens, the changes in water
bal ance, el ectrol ytes and bl ood fact ors, HPNS, G car di an r hyt hmchanges, psychoadapt ati on
and prevention of oxygen toxicity on the lung), the inmportance of the Diving
Supervi sor and the introduction of rig paranedics. He told the anusing (sic) story
of the great job perforned by such paranedics on an injured worker when shore
physicians refused to risk their futures at the hands of |egal profession, the
enpl oyi ng Conpany, of the victimbut not of the nedics, then sued them Yes, sued
for saving alife. He also nentioned the need to naintain skills, for divers spend
much time waiting, littletime actually at work. !t was suggested that the paranedic
woul d al so be a diver and one of the saturation teamso that in case of an emergency
he woul d be there, already acclinatised, ready for inmmedi ate action

M. Pat Washi ngton, Oceaneering, then spoke regarding the Diving Supervi sor and t he
need for the doctor to recognise that he is the “outsider” and very nuch in need of
the help the diving teamcan offer. They can alert himto significant aspects of
the dive ... or obey the doctor and | eave himto fl ounder on al one. Comuni cati ons
between rig and shore are, in general, very poor in quality and often worsened by
requiring relay through a chain of people. This introduces added problens to
di agnosi s and treatnent. Travel by the doctor to the site and subsequent conpression
to chanmber pressure take tine, and produce fatigue factors in the doctor. It was
repeated that one should NEVER G VE MORPHI A in such situations. Trends towards 1
ATA diving nethods will renobve nost problens, or so it is expected

Dr Ceoff MacFarl ane tal ked about the Otitis Externa problens of Saturation Diving,
sonet hi ng that has caused the curtail ment of sone diving operations ... though not
any undertaken by OQceaneering. It was apparent that quite a bit of expl ai ni ng woul d
need to be done before divers woul d be happy to niss a hi gh-pay saturations dive on
the say-so of pathogens in an ear swab.

58



Anot her maj or paper was by M Don Macdonal d, Federal Secretary of the PDAA. He gave
a detailed resune of the history of attenpts to set up a central register containing
details of diving nedical exam nations in a confidential but researchabl e manner.
It seens that everyone, but everyone, is in favour of theidea, but .... As youwll
guess, sonehow not hi ng has eventuated just yet. One can only specul ate at the result
had peopl e opposed the idea!

“Ah, well, such is life,” as soneone once said in Ml bourne.

The O ficial papers concluded with a brief reviewby Dr | an Unsworth of Air Enbolism
capped by an incident related by Dr Youngbl ood of the diver who was taking off his
flipper in a dive boat when he suddenly collapsed with synptons of hem plegia,
presumably the result of an air enbolism secondary to pul nonary barotrauma i ncurred
on the ascent. This reporter was | eft noddi ng i n agreenent at the amended aphorism
ascribed to an enminent French Specialist of Diving Medicine, that “Mrphy was an
optimst”. Yet still we dive, asynptonatically in the main.

* *x * *x * *x *x % *x * *x * * *x *

DON T DI VE, BABY!

Prof essor G aham Liggins, Head of the Departnent of Obstetrics at Auckland
Uni versity, believesthat Antarctic seal s may holdthe keytotheriddl e of cot deat hs.
He has spent two nonths in the Antarctic | ast year studying their diving reflexes.
These are the result of the seals stopping breathing and subnergi ng and i nvol ve t he
cutting off of the circulation of blood to all parts of the body except the vital
organs such as heart and brain. He believes that the nost convincing theory on cot
deaths is that the victinms have overactive “diving” reflexes.

Thi s coul d be tri ggered by wat er bei ngthrowninahuman’s face or fromcertainliquids
suddenly hitting the back of the throat. This reflex stops the circulation to nost
of the body, including the lungs: and this stops all breathing.

The Professor has said that cot deaths result froma particularly sensitive reflex
being triggered by regurgitati on of stomach contents agai nst the back of the throat.
The refl ex woul d be particularly severeif the stonach contents were aci dic. He hopes
that his research into the breathing patterns and diving refl exes of seals will help
inidentifying babies at greatest risk. These included babies with minor illnesses
(who are nore likely to regurgitate), those fed comerci al baby food (which is nore
acidic than human nmilk), and those who had already survived a previous “diving
reflex”. He has suggested that if high risk babies could be identified, a nonitor
could be placed in the cot to sound an alarmif breathing stopped.

Daily Tel egraph, 21 April 1978
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ARE WOVEN A DI FFERENT BREED OF DI VERS?
by Susan C Brickson

ABSTRACT

Wonren nake better divers both physically and enotionally than nen. Wy are
there no nore wonen di vers? There are probl ens, unique to wonen, that they
have t o overconme to eventual | y feel confortable in scuba. By understandi ng
and becom ng awar e of these, instructors can use themto t he students’ best
advant age.

Wonren are better diversthan nen! W have all heard this statenent, but do you believe
it? Several facts support it. The average worman breat hes between 0.6 and 0.9 cubic
feet per minute (cfnm at the surface while the average nman uses i n excess of 1.0 cfm
The | ayer of subcutaneous adi pose tissue not only insulates her efficiently but
i ncreases her buoyancy. Are these reasons really inportant for nmaki ng wonen better
divers. | say no. Wnen have cal ner nerves, performnore efficiently under stress,
and are nore cautious. These go together in making thembetter divers. Since wonen
are bot h physi ol ogi cal |l y and enotional Iy well suited for diving, why do they conprise
only 20% of all divers certified by NAU ?

For years scuba di vi ng has been nal e dom nated. Diving usedto be visualizedas nmacho,
di fficult and exhausting. Astheinmage of diving changes to one of fun and excitenent,
nor e and nore wonen are comingintoclassestolearntodive. Sone have a preconcei ved
noti on of what recreational diving is all about. For the npbst part these students
al so will be easy to teach because they want to learn. Qhers are brought into the
sport by personal pressures. These unfortunately are nuch harder to teach because
they are not entering into sport with free minds. The fact that they all agree to
take a scuba course suggests that the instructor can influence their ultimte
enjoynment of diving. |In order to best support wonman as divers we nust appreciate
their reasons for getting into diving, the problens they perceive as students, and
finally the realities they face after they are certified.

I wish that | could say that all wonan go into diving for their own personal
satisfaction. Unfortunately, thisis too often not the cage. One of the of the nost
preval ent reasons for a worman taking a scuba course is that her spouse/boyfriend/
| over “pushes” her intoit. Frequently the “push” is subtle, being left at hone or
on the beach once too often. Sometinmes, constant nagging on the part of the male
menber of the pair causes her to agree to dive to shut hi mup. In either case, their
nmotivation is not sufficient to allowfor an easy transition froman unconfortable
novi ce to a conpetent di ver visitingtheaquatic environnment onaregular basis. These
are the worren we frequently get as students, and with whomwe nust work, in order
to increase their self notivation and ease their transition. The instructors nost
successful at this have learned to treat wonen as individuals while still being
sensitive to their particular reasons for diving.

One bi g probl emthat many wonen have, that they cannot do nuch about, is their size.
These pint sized divers are trying to manage equi pnment that is nmuch too large. This
isfrustratingenough for the wonenthat are strong and are not havi ng probl ems. Thi nk
howit is for the ones that are just alittle nervous and any m nor hassle is a ngjor
i ssue.
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Wul d you put on a wetsuit that fit your arms but was a half size too large in the
chest? Wul d you put on a back-pack that did not fit the contour of your back? How
about a tank that constantly hits you in the back of your knees? O course not, and
yet this is what the diving equi pmrent manufacturers are aski ng wonen to do.

How many of you have ever net a women who | ooks |ike the wet suits we see hanging
inthe shops. A44" bustline matchedto a5’ 3" body? It woul d be much nor e reasonabl e
if thewetsuitswerebuilt tonorerealisticallyreflect the size and shape of today’s
wonen.

W all realize that getting into a wetsuit can be a struggle. It becones real work
when your hips are 10 inches larger than your waist. A sinple zipper in the side
of a pair of Farmer Johns readily solves this particular problem

Put any st andar d buoyancy conpensat or on nost wonen and i t hangs down bel ow her wai st .
How can t hey be confortabl e when their BCtakes up half their body | ength and sticks
way out on either side of their bodies. Several manufacturers have cone out with
“shortie” BC s and these prove to be satisfactory if they are used.

Bel owthe BCis that plethora of buckles - BC, backpack, and wei ght belt. In an area
that usually will take only one buckle, we put all three. There are several sol utions
to this problem Back BC systens incorporating weights solve this dilema, but
i ntroduces a new set of difficulties, mainly in the back, when the wonan i s out of
the water. Snaller webbing with half sized buckles or velcro closures m ght prove
very effective at uncluttering the wonan’s mi dsection.

These are sone of the equi pment hassles that the wonmen entering diving nust face.
The instructor nust be aware that many apparent skill problenms may just be sinply
mani festati ons of poorly fitting gear. Thesew || | argely di sappear when t he nenbers
of DEMA recogni se the purchasi ng power of wonen divers and nanufacture gear suited
to their needs.

O her than the gear, wonen have a few nore strikes agai nst themwhen they decide to
go into diving. This is their physiological nakeup. Wnen have been raised in an
enoti onal environnent whi ch enhances sensitivity and suppresses conpetition. This
is, inlarge, the opposite of the cultural trainingamanreceives. Recognizingthis,
isit fair for us to “hurry to the dive site”, to “rush getting geared up”, or to
i ntroduce “conpetitive ganes” into our training prograns?

Al nost anyone findi ng t hensel ves conmpeting in diving and not doing sowell will feel
put down. Repeated frustrations of this type go along way in causi ng wonen to drop
out of diving before they ever really get intoit. Ganes that are non-conpetitive
or that put “teans” agai nst one anot her i n fun are both enj oyabl e and enhance | ear ni ng.
The ganmes that have a “winner” or that have sone degree of failure are detrinental
tothesport. Divingisnonconpetitive. It isasharingsport with each person sharing
their experiences with the other.

As instructors we nake a firmcomitment to teach to the needs of our students. W
nmust recogni ze that each person is an individual and treat themaccordingly. Al ong
with this it nust be recognized that the wonmen i n our cl asses have their own uni que
problens with gear, with their buddies, and with thenselves. W are dealing with
a speci al group of people, that, if we let them will help revolutionalize the sport
into one that is truly exciting, sensual, and fun for everyone.
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I NSTRUCTOR OPI NIONS:  RESULTS OF A NAU  SURVEY
Neal Langerman and Pat Ml vai ne

ABSTRACT

NAUI is a nenmber run organi zation which requires continual input of ideas
and opinions in order to grow. A questionnaire was nailed to all neanders
inApril 1977, designed to sanpl e opi nions on a variety of issues i ncl udi ng
equi prent, training techniques, cardi opul nonary resuscitation, and diver
recertification. The responses were anal yzed for the percentage of “YES’,
“NO’', or “UNDECI DED’ answers to each question. Responses to several
gquestions allow a definitive statement to be nade concerning the issues.

During the fall of 1976, an unsolicited survey was sent to NAU headquarters by the
authors of this report with the request that it be sent to all nmenbers of NAUI. The
qguestionnaire, which was nailed in April 1977 to 3200 nmenbers of NAU, was desi ghed
to obtain information concerning three specific areas pertaining to diving
i nstruction, equi pnent, teaching nmethods, and diver recertification. Mre than 600
responses were received by 10 May (10 days after the published “deadline”) and an
addi tional 50 during the next two nmonths. Those responses and our interpretation
of the data is the subject of this report.

Conpl et ed questionnaires were returned from44 states as well as the Bahamas, Puerto
Rico, the Virgin Islands, Canada, Singapore, Guam and Pal au. The geographic
di stribution of the responses is presented in Figure 1. The nunbers represent the
percent responses received of the total nmenbers of NAU listed for that region in
the 1976 NAUI Directory. Southern Californiawas taken to include Fresno and points
sout h.

W have al so exam ned the responses in terns of the distribution of the NAU nunbers
of the respondents. Figure 2 presents those data along with informati on about the
approxi mate | ength of tine the respondents have been nenbers of NAUI. W feel that
t hese data are what one m ght reasonably expect, that is, those instructors who have
been teaching for less than 5 years are the nost likely to respond.

Approxi mately 10%of the responses contained | etters, sone of themquite extensive,
comrenti ng on various aspects of the questionnaire. W have taken the liberty to
guot e fromseveral of theseletters and havetriedto answer many of t hemi ndi vi dual |y.

The questions and the results of the responses are presented in Tables 1 and 2. The
guesti ons have been grouped i ntothethree areas previously nmenti oned. The percent age
“YES’, “NO', or “UNDECI DED’ to any gi ven question i s based on t he nunber of responses
to that question. Many peopl e indicated that they did not wishto answer a particul ar
guesti on.

EQUI PVENT

QUESTI ON 1: Shoul d al | NAU SCUBA courses, at all levels, absolutely require the
use of a subnersible pressure gauge?

An over whel mi ng nunmber of those respondi ng favoured the use of submnersible pressure

gauges (SPG. The surprising point was the nunber who were opposed. Wile some
persons indicated that their opposition was to the “requirenent, not the concept”,
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others said that they did not wish to use SPGs in open water. These people al
i ndi cated that they preferred reserve systens.

QUESTI ON 2: Shoul d a NAU BASI C SCUBA course require the use of a subnersible
pressure gauge during all training sessions in which conpressed air
is used, ie. both during confined and open water work?

The responses for SPGs in all situations when conpressed air is used was sonewhat
| ess enthusiastic. Two basic argunents were offered for opposing this idea. The
first, and nost preval ent, was equi pnent nai ntenance. This argunment says that
students in BASI C courses are unduly hard on SPG s and that repairs or repl acenent
will drivethe cost of thecourseuptointolerablelevels. It is our personal opinion
that thisis a “straw horse”. |f students are carefully instructed in the care and
handl i ng of gear, fewSPG s wi || be crushed by t anks or dropped on pool decks. | ndeed,
proper care of shop equipnment is the first step in |earning proper care of persona
equi pnment. One argunent for not requiring an SPG at all tinmes suggests that the
feeling of disconfort and uncertainty whi ch the student experiences not know ng j ust
how much air is left reinforces the desire to always dive with one. On the other
hand, always having an SPG even in the pool, reinforces the diver's habit of
constantly nmonitoring the air supply. Thus, the majority of the respondents fee
that SPG s shoul d absol utely be used i n open wat er and t hat they shoul d al so be used
in pools except when a valid teaching reason prevails.

QUESTI ON 3: Shoul d NAUI require a constant reserve system(either J-valve or an
equi valent) to be used in conjunction with a subnersible pressure
gauge?

Const ant reserve systens, onthe ot her hand, received al arge vote of “no confi dence”.
The argunents agai nst reserve systens ranged from*“they have a high failure rate”
to “they are too easily breathed through or inadvertently turned on”. The sonic
reserve systemdid receive sone support and has the support of staple dive boat
operators in Southern California who will allowdivers inthe water with either an
SPG or a sonic reserve. The principle argunent in favour of a reserve used in
conjunction with an SPG was given by Paul Tzimoulis in the May 1977, Skin Diver
magazine.l He referred to the reserve as an “alarmcl ock”, which only works if you
remenber to set it.

QUESTI ON 4: Shoul d all NAUI instructors be required to use an “octopus rig” for
all training sessions involving scuba?

The responses to the question suggesting that all instructors use octopus rigs
whenever using SCUBA el i cited an al nost even split. Coments ranged from“they just
get intheway” to“l wouldn’t take studentsinthe water without one”. Several people
obj ected on financial grounds and several for “difficulty of nmaintenance” reasons.

It is quite clear that additional discussion of the pros and cons of the octopus rig
isrequired. The entire problemof octopus training during a BASI C SCUBA course wi |
be dealt with in another section of this report.

After review ng the responses to the questions on EQU PMENT, it is our opinion that
menbers of NAU want to keep equi prent sinple and safe. They arewillingtoentertain
new i deas, but only want themincorporated into our prograns after they have been
t horoughly tested and di scussed.
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TABLE 1
QUESTI ONS FROM 1977 NAU SURVEY

1. Shoul d all NAU scuba courses, at all |evels, absolutely require the use of a
subner si bl e pressure gauge?
2. Shoul d a NAUI BASI C scuba course require t he use of a subnersi bl e pressure gauge

during all training sessions in which conpressed air is used, ie. both during
confined and open water work?

3. Shoul d NAUI require a constant reserve system(either J-val ve or an equi val ent)
to be used in conjunction with a submersible pressure gauge?
4. Shoul d al | NAUI instructors be required to use an “octopus rig” for all training

sessi ons invol ving scuba?
5. Do you gi ve “Cct opus Trai ni ng” i nadditiontostandard “Buddy Breat hi ng” training
in a BASIC scuba course?

6. Shoul d NAU require “Cctopus Training” as part of all scuba courses, at al
| evel s?

7. Do you teach energency ascent training in open water during ADVANCED scuba
courses?

8. Do you teach energency ascent training in confined water duri ng ADVANCED scuba
courses?

9. Do you t each enmer gency ascent traininginopenwater during BASI Cscuba courses?

10. Do you teach energency ascent training in confined water during BASIC scuba
courses?

11. Should NAU require energency ascent training and specify one prescribed
training nmethod for all scuba courses, at all |evels?

12. Do you teach ditch and recovery during a BASI C scuba course in confined water?

13. Should ditch and recovery training in open water be prohibited by NAU ?

14. Should all active menbers of NAU, instructors, assistant instructors, skin
diving |eaders and divenasters be required to maintain a current CPR
certification (not necessarily “instructor level” training)?

15. Should NAU introduce a “Diver Recertification” requirement (of a yet to be
deci ded mechani sm) by placing an expiration date on all certification cards?

COVMENT W THHELD . .

Jame is 4 years old and 1 netre tall. He has only recently | earned to dogpaddl e,
but that doesn’t stop hi mfromscuba diving. Equiped with his own nmask, custom nade
wetsuit and small air tank he is off to the USAw th his parents (who run a diving
school in NSW to negotiate for television commercials. H's scuba | essons started
about five nmonths ago and his father is quoted as saying “lI wouldn’t try to hold him
back in something like this. It is better for himto | earn the correct way nowt han
have hi mexperiment”. Hi s deepest dive has been three netres in a training tank

Cccassionally he dives in the shallows at the beach with his father close by.

Australian, 22 February 1978
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TABLE 2
RESULTS OF 1977 NAU SURVEY

QUESTI ONNUMBER % YES  NUMBER % NO NUMBER % TOTAL
NUMBER YES NO UNDEC! DED UNDEC!I DED NUMBER
1 423 72 162 28 — — 585
2 386 66 201 34 — — 587
3 97 17 468 83 — — 565
4 285 48 248 41 65 11 598
5 225 66 170 34 — — 341
6 172 30 347 58 76 12 595
7 410 75 140 25 — — 550
8 433 79 116 21 — — 549
9 357 60 242 40 — — 599
10 535 90 59 10 — — 594
11 290 48 202 34 106 18 598
12 541 92 50 8 — — 591
13 166 28 329 55 105 17 600
14 407 68 129 22 64 10 600
15 276 46 197 33 126 21 599

DI VI NG SAFETY MEMORANDUM NO 8, 1978
Commander S A Warner, Chief |nspector of Diving, Departnent of Energy,
Pet rol eum Engi neering Division, MIIbank, London SWLP 40J

Di agnosi s of Deconpression Sickness

During 1977 i n the United Ki ngdomsect or of the North Sea t here were several occasions
when the Di vi ng Supervisor failed to correctly di agnose deconpressi on sickness. On
t hree occasions, what should have been a nornal therapy, eventually required a
saturation type therapy. Excuses such as cranp have been used in order to explain
what are in fact serious synptons.

The section on di agnosi s of deconpression sickness in the United States Navy Diving
Manual is drawn to the attention of all Diving Supervisors and in particular, the
“patient exani nation”:

Does diver feel well? Yes/ No
Does diver | ook and act nornal ? Yes/ No
Does diver have nornmal strength? Yes/ No
Are diver’s sensations nornmal ? Yes/ No
Are diver’'s eyes normal ? Yes/ No
Are diver’s refl exes nornmal ? Yes/ No
I's diver’s pulse rate nornal ? Yes/ No
Is diver’s gait normal ? Yes/ No
I's diver’s hearing normal ? Yes/ No
I's diver’s co-ordination nornal? Yes/ No
I s diver’s bal ance nornal ? Yes/ No
Does the diver feel nauseated? Yes/ No

The correct application of the above tabl e can avoi d extremel y seri ous consequences.
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TEACH NG METHODS

QUESTI ON 5: Do you give “Cctopus Training” in addition to standard *“Buddy
Breathing” training in a BASI C SCUBA course?

QUESTI ON 6: Shoul d NAUI require “Cctopus Trai ning” as part of all SCUBA cour ses,
at all levels?

OCTOPUS TRAI NI NG

Ten years ago, when subnersi bl e pressure gauges were consi dered new equi pnent, the
question of always using an SPG would have drawn an indecisive response from
instructors. Today it does not. 66%of those respondi ng do teach “Qct opus Trai ni ng”
in addition to standard “buddy breathing” training, but 58% oppose NAU requiring
such training in a BASIC course. It is our experience that teaching students to use
an Cct opus after teaching themto buddy breathe i s easy. W never have any difficulty
with students learning this skill. It doesn't require a | arge expendi ture of noney
ei ther; having them breathe off one of our instructor’s extra second stages, both
in the pool and in open water, in conjunction with a few m nutes of |ecture, helps
prepare our students for the use of an Cctopus.

As we i ndi cat ed previously, theentire concept of an Cctopus rig still requires debate
and di scussi on anong divers and i nstructors. However, if “Safety t hrough Educati on”
is toremin nore than just a trite phrase, can we ignore this sinple step toward
safety?

QUESTI ON 7: Do you t each energency ascent training inopen water during ADVANCED
SCUBA courses?

QUESTI ON 8: Do you teach energency ascent training in confined water during
ADVANCED SCUBA courses?

QUESTI ON 9: Do you teach emergency ascent training in open water during BASIC
SCUBA courses?

QUESTI ON 10: Do you t each energency ascent trainingin confinedwater during BASI C
SCUBA courses?

QUESTI ON 11: Should NAU require emergency ascent training and specify one
prescribed training nethod for all SCUBA courses, at all |evels?

EVERGENCY ASCENT TRAI NI NG

Certainly the issue of “Ascent Training” is the nost enotional issue facing
instructors today. Students, it may be argued, need the confidence that doing a
control |l ed swi nmi ng ascent devel ops. The National SCUBA Trai ni ng comr ttee has just
agreed? upon a set of “Emergency Procedures” for use when a diver is out of air and
has nowhere to go but up. These procedures include a swi mi ng ascent.

QUESTI ON 12: Do you teach ditch and recovery duri ng a BASI CSCUBA course i n confi ned
wat er ?

QUESTI ON 13: Shoul d ditch and recovery training in open water be prohibited by
NAUI ?

Duri ng open wat er cl asses, 75%of NAUl instructors teach Energency Ascents i n ADVANCED
courses and 60%in BASIC courses. Jon Hardy has inforned the authors that very few
wai vers are outstanding which relieve the instructor of the obligation to teach
energency ascents in open water. In confined waters, nost instructors are teaching
enmer gency ascent procedures.
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It isinterestingto note that even instructors who refuse to teach swi nm ng ascents
in confined water do teach ditch and recovery. Certainly this skill has all of the
same danger of cerebral air enmbolismassociated with it as has energency sw nm ng
ascents.

Ditch and recovery is usual ly taken to nean renovi ng a SCUBA tank, leaving it on the
bottom swimrming to the surface, and then di vi ng down and donni ng the tank. 55% of
t he respondents want this to be allowed in open water. This is surprising in the
light of the feelings toward energency sw mm ng ascents. Based on the coments
related to this question, it appears that “ditch and recovery” may have been
interpreted to nmean the renoval and replacenment of a tank while remaining on the
bot t om

Question 11 deserves particul ar attenti on. As many peopl e pointedout tous, it really
asks two separate questions. To the first, “Should NAU require enmergency ascent
training?”, a small mpjority said “YES". To the second, “Should NAU specify one
trai ning method for all SCUBA courses at all | evel s?”, an overwhel mi ng mgjority said
“NO". The data reported in Tables 1 and 2 represent the average of these answers.

Several conclusions may be drawn from the questions involving Energency Ascent
Training. First, the probl emof definitionstill has not been sol ved. Dennis G aver3
and Jon Hardy4 have each explained this term and several related terns on many
occasi ons. W suggest that yourevi ewt hese definitions. NAU menbers want t he opti on
of teachingthis skill, but they al so want the freedomtoteachit as | ocal conditions
dictate, or not to present it as apractical skill at all. The current wai ver systens
certainly satisfies these needs, but it nust be used by the instructors. Finally,
menbers of NAU appear to feel that teaching how to performan Emergency Sw nm ng
Ascent is a integral and inmportant part of SCUBA training. This information,
i ncludi ng the nunbers, should be used as an argunent to present to our insurance
carrier’s and others, if they, who DONOT teach SCUBA t hensel ves, try totell us what
shoul d be taught.

QUESTI ON 14: Shoul d al | active nenbers of NAUI, instructors, assistant i nstructors,
skin diving |eaders and divemasters, be required to maintain a
current CPR certification (not necessarily “instructor |evel”

training)?

Cardi opul monary Resuscitation: Last year at 10g, it was stated that CPR training
need not be anintegral part of the skills of aninstructor nor part of a scuba cour se,
since “it doesn’t work anyway”. Apparently, the menbers of NAU di sagree. Menber
opi nions on CPRranged from“it is too difficult to find an instructor to teach it”
to “it is the nost valuable skill we have ever | earned.” To the first we say “becone
a CPR instructor yourself” and to the latter, we say “hooray”!

CPRdoes work! It isnot difficult tolearndandtakes only 3 hours for a CPRqualified
instructor to teach. Bob Wdnmann has just pointed out in the July/August 1977 NAU
NEWS t hat this skill is so inportant that tine nust be made for it in SCUBA cl asses.
It is quite apparent to us that the menbers of NAU recognize this skill and want
it toremain part of the NAU program |Indeed, many feel it should be a requirenent
to remain on an ACTI VE status wi thin NAU .

DI VER RECERTI FI CATI ON

QUESTI ON 15: Shoul d NAUI introduce a “Diver Recertification” requirenment (of a
yet to be deci ded nmechani snm) by placing an expiration date on all
certification cards?
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The question of a “lifetime certification” elicited al nost as nmuch conment as t hat
of “emergency swinmming ascents”. OD Wells’ letter in NAU NEWSS and the several
letters in response to it presented the broad spectrum of opinions. The survey
i ndi cates that the respondents to the questionnaire are split 46% to 33% (the

remai nder undeci ded), but these nunbers hide sone very strong opinions. It is
certainly true that NAU cannot unilaterally put an expiration date on their
certification card and hope to renmain a viable enterprise. It is also true, that

of the three sports which require BASICcertification (SCUBA D VING SKY DI VING and
FLYING, only flying requires continued proof of conpetence and this is a Federal
requi renent. Finally, arecertification programruns the risk of generating diver
ani nosity and chasi ng people away fromthe sport. On the other hand, SCUBA DI VI NG
is asport with a conscience - we recogni ze the inherent difficulties in the sport
and each of us, fromthe equi prent nmanufacturers through t he weekend di ver, accept
certification as the nmethod whi ch prevents needl ess accidents and | osses of life.

W1l divers accept arecertification progran? WII| the retail er accept the onerous
responsibility of tryingtoenforceit? Howw Il it function? Many peopl e responded
to the last survey question with detailed answers. Sone of their comments are:
“recertification for soneone who has been out of touch for along tine is fine, but
it will be agreat inpositionto those who are active” (Scott Leonard); “Perhaps the
| og book hol ds the answer. BS-AC (British Sub-Aqua C ub) has now for a long tine
used a | og book i nstead of a certification card and their divers are proud to update
or upgrade their |og books” (Bob Friedman); “Diver recertification has many
| ogi stical problenms. The best recertification is active diving experience ....
Mandat ory certificationis not goingto helpthe person who dives with his ego, rather
than his brain.” (John LeC air); “I’ve been in favour of this for years. Aot of
co-ordination and good-will anbng organizations training divers and anong
instructors in NAU will have to happen before we could pull it off.” (Bob Landers);
“I offer free tests to allowan individual to test his know edge. | al so have dives
during the sumrer for certified but not so current divers who wi sh to get back into
the sport.” (Wayne Dykstra). Comments such as these coul d be continued for several
pages, but the content shoul d be apparent fromthese exanples. Cearly, thisis a
subj ect which still requires nore debate and certainly nmust have the co-operation
of all of the training organizations.

In retrospect, we consider this survey to have been quite successful. The 20%
response, whichis remarkably high for this type of survey, is very encouragi ng. W
feel we have gai ned consi derabl e i nsight into your opinions. This information, and
i nformati on gai ned fromfuture surveys shoul d hel p keep NAUI t he qual ity organi zation
which it currently is.
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PADI TRAI NI NG BULLETIN 78-1
Dennis Graver, National Training Director

1978 Proposed St andards Changes

The followi ng standards changes are presented for menbership consideration and

comment. The revisions will be finalized, approved, and published in April. They
will be effective on June 1 as usual. The proposed revisions are:
1. To al |l owt he ski ndi ve and t wo scuba di ves for BASI Ccertificationto be conducted

on one day. Having training take place on nore than one day i s reconmended and
desirabl e but not required.

2. To nodify the Student-to-Instructor ratios as follows:
A Skin di ving (Pool) 16:1
B. Skin diving (Open \Water) 10: 1
C. Scuba di ving (Pool) 10: 1
D. Scuba diving (Open Water) 6:1
E. I ntroductory Course (Resort Course) 4:1
F. D vermast er Trai ning 6:1

3. Tolimt the total number of students in an OPEN WATER trai ni ng group with one
Instructor and the required assistants to a nmaxi mum of 14.

4. To require use of buoyancy control devices in all pool scuba training sessions.
5. To renove the requirenent to conmpute air consunption during training.

6. To requi re BASI C and OPEN WATER Di ver students to experience running out of air
in a controlled situation (pool) during training.

The nenber shi p has al ready i ndi cat ed t he need for nmost of these revisions. Reference
the Training Revision Survey results in the JOURNAL, Vol. X, No. 5, page 13.

Suggestions regardi ng these revisions or other needed standards changes shoul d be

sent to the National Training Director by 1 April for consideration by the Board of
Revi ews.

PARROT FEVER FROM CLANS

Aresearch teamfromthe Snithsonian I nstitution and Maryl and Departnent of Natural
Resources has been | ooking at marine ani nal di seases by studying the gut contents
of Chesapeake clanms and oysters under the high magnification of an electron
m croscope. They find shellfish infested with a variety of phages and nicrobes,
i ncludi ng sone that resenble the chlanydia of psittacosis, the disease of parrots
that also infects humans. Thus, they suggest, clanms nay transnit this disease to
humans who eat raw cl ans.

Sea Technol ogy, June 1977

Are t he days of deadliness of the shy bl ue-ringed octopus nunbered? There i s enough
venomin the adult’s two tiny sacs to kill 10 people. But now Macquarie University
reports that a five-nenber research teamhas di scovered t he cheni cal nmake-up of the
main lethal toxininthe venom It isidentical tothe known conmpound, tetrodotoxin,
present in toad fish, some newmts and frogs. Now what is needed is the antidote.
Sydney M©brning Heral d, 19 Nov 1977
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BOCK REVI EW
THE BELLE OF SUNDA STRAIT

by David Burchell
(Ri gby 1971)

This is the story of one man’s successful attenpt to recover portions of HVAS Perth,
sunk in action in the Sunda Straits on 28 February 1942. Anyone who has ever tried
to get perm ssionto do sonething out of the ordinary, | et al one get practi cal backi ng
in cash and kind, will find David Burchell’s belief that his project could succeed
hard to credit. He managed to get considerable help from the |Indonesian Naval
Aut horities, hel p fewother countries woul d have offered. That they didtry totell
himthat solo diving with Scuba in strong currents at 230-250 feet in the open sea
woul d be unsafe advice he sonmewhat patronisingly puts down to their ignorance of
nodern practice! The tale shows what a determ ned and singlem nded person can
acconplish, given the required personal skills and access to persons with some
synmpathy for his aims. Althoughthe taleis alittle short on exact dive depths and
times there are a nunber of incidents described of the “didn’t ought to have done
it” type. But first find your weck.

Yes! You get the best results by asking the | ocal fishermen. After all it is they
who | ose nets on such underwat er objects. He conmrents on the very great skill they
have in fixing |ocations by visual bearings without, it seenms, using instrunents.
Then one di ves ... but only David Burchell (I hope), woul d attenpt such di ves. | nmagine

a sol o descent through water opaque with al gae that make the line slippery, in a
current that is persistent and strong, wearing a single 72 cubic foot cylinder and
t he only hel p bei ng a conpani on (non diving) with a spare set in a snall di nghy. Down
you go to 160 feet and hope no sharks appear. The thick wet suit made life very
unpl easant before water entry but it at |east protected fromthe coral and the sea
wasps!

Pity Johnsittingthereinthe boat, probably thinking what he wouldtell the Coroner.
Pity the hel pful Indonesian Authorities fearful of a loud outcry at their allow ng
such a crazy diver toget inthe water, | et al one giving hi mhelp. As David admtted,
John was never very happy when he was under the ship trying to enter the
Quartermaster’s | obby, a space al ready occupi ed by several | arge groper and one | arge
oct opus. Such a dive | ed to t he exhaust bubbl es becom ng trapped so t he boat “cover”
had nothing to show that the diver still lived. At |least in other situations the
air bubbl es gave confort to those in the dinghy as they reached the surface. And
on the 29th dive he was really tested. Wth about 5 mnutes dive tinme air left he
suddenl y found hi nsel f grabbed by t he back of the neck as if he was nailed to a wall.
He di scovered that atangl e of | oose wire had foul ed t he regul at or and hi s descri ption
of the probl ens of getting | oose, without being so foolish as to | oose his expensive
canera, should persuade everyone of the folly of solo diving in a weck. Like he
says, it wasn't the best place to be caught.

And one footnote, for heforgetstonentionit inthetext, that illustrates the power
of the human spirit to overcone difficulties. David|lost onelegin an accident when
he was 16, but he has been nore active in his |life than al nost any dozen “intact”
persons.
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SUBSCRI PTI ONS
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