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EFFECTS OF DIVING ON THE HUMAN COCH-
LEOVESTIBULAR SYSTEM

Otto Inge Molvaer

Dissertation abstract

Cochleovestibular barotraumawas seenin all types
of divers. A retrospective analysis of 76 cases (83 injured
ears) isreported. Itishypothesized that middleear gasmay
enter the perilymphatic space of theinner ear during ascent
in cases of perilymphatic fistulae. The cochlear injury was
classified as permanent in 58% of the cases.

The sound pressure level from the breathing gasin
standard hard hats was measured to about 96 dB(A) (re
20uPa), whilethelevel from high pressure water jet lances
reached about 145 dB(A) closeto thedivers head gear. In
living chambersfor saturation diving sound pressurelevels
reached about 106 dB(A). After the environmental control
unitsweremoved to the outside of the chambersthe highest
recorded levels were about 96 dB(A).

Significant temporary hearing threshold shiftswere
demonstrated in divers participating in two saturation dives
of 19and 34 daysdurationto 300 and 500 msw respectively.
The recovery took up to three days post-dive.

Y oung, highly selected professional divershadlower
hearing thresholds than age-matched randomly selected
(standard) controls, but higher than the normality curves of
the International Organisation of Standardisation. How-
ever, divers in their fourth decade of life had thresholds
comparable to the standard controls. Divers who smoked
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had significantly higher threshol ds than their non-smoking
colleagues. After an observation period of about six years
thedivers' hearing had deteriorated faster than that of both
otologically normal subjectsand of theunscreened controls.

Transient vestibularimbalancewasdetected by ENG
in 25% of the divers participating in four dives to 300-350
msw, but normalisationoccurredwithinayear. Thevestibulo-
ocular reactivity to bithermal caloric stimulation was sig-
nificantly reduced in six diversat 250 msw as compared to
surfacevalues. Alternobaricvertigowasreported by 33% of
194 professional divers. Although the symptoms usually
weremild, in some casesthey caused seriousdisorientation,
nausea and vomiting.

By Ed. SPUMSJ

The aboveisthe abstract of a doctoral dissertation
whichwas successfully defended by Dr Molvaer (a member
of SPUMS) on September 30th, 1988. Readerswishing for
further information should contact Dr Molvaer whose ad-
dressisthe Norwegian Underwater Technology Centre A/'S
(NUTEC), P.O. Box 6, N-5034 Ytre Laksevag, Norway.

DIVE COMPUTERS
John Lippmann

Since decompression sicknessin humansfirst reared
its ugly head back in the mid-1800s, scientists and others
have sought ways to improve and simplify decompression
calculations and procedures.

Haldane introduced his model and schedules at the
beginning of this century, and since then many decompres-
sion tables have been published. Although some of thevery
|atest tables include methods for compensating for parts of
adive spent shallower than the maximum depth, most tables
requireadiver to chooseano-decompression or decompres-
sion schedule according to the maximum depth and bottom
time of a dive. The calculation assumes that the entire
bottom time was spent at the maximum depth, and that the
diver's body has absorbed the associated amount of nitro-
gen. However many dives do not follow that pattern. A
scubadiver’s depth normally varies throughout adive, and
often very little of the bottom time is actually spent at the
maximum depth. Inthiscaseadiver’ sbody should theoreti-
cally contain far less dissolved nitrogen than is assumed to
be present when using thetabl esinthe conventional manner.
Somediversfeel penalised for thetime of the dive not spent
at the maximum depth.

Theided situation isto have adevicethat tracksthe
exact dive profile and then calculates the decompression
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requirement according totheactual divedone. Suchdevices
have emerged since the mid-1950's, some gaining some
notoriety.

Probably the best known of the early decompression
metersisthe SOSdecompression meter whichwasdesigned
in 1959 and emerged in the early 1960s. The meter, which
is still currently available, appears to represent a diver's
body as one tissue. It contains a ceramic resistor through
which gasisabsorbed before passinginto aconstant volume
chamber. Withinthechamber isabourdontubewhichbends
as the pressure changes, and the pressure level, which
represents the amount of absorbed gas, is displayed on an
attached gauge. On ascent gas escapes back through the
resistor and eventually, when enough gas has escaped, the
gauge will indicate that a safe (supposedly) ascent is pos-
sible. A number of problems arise with the use of the SOS
meter. Individual meters often vary greatly, and the no-
decompression times for dives deeper than 60 ft (18 m)
exceed the US Navy no-decompression limits(NDLS). The
meters give inadequate decompression for repetitive dives
when compared to the USN and most other tables. I1n 1971,
the first six divers requiring treatment at the Royal Austra-
lian Navy School of Underwater Medicine chamber were
diverswho had ascended according to SOS decompression
meters.!

The Defence and Civil Institute of Environmental
Medicine (DCIEM) of Canada devel oped a decompression
meter in 1962. It utilised four resistor-compartments to
simulatenitrogen uptakeand eliminationinadiver. Initially
the compartments were set up in parallel so that each
compartment was exposed to ambient pressure and thus
absorbed gas simultaneously. When tested, this configura-
tion produced an unacceptable bends incidence. The four
units were then re-arranged in a series arrangement, so that
only the first was exposed to ambient pressure and gas
passed from one compartment into the next. This configu-
ration wastested on almost 4,000 test dives and produced a
very low incidence of bends.*

The meter gave effective half-times from five to
more than 300 minutes, and it indicated current depth and
safeascent depth. The DCIEM unit never becameavailable
to sport diversasit would have proved to be very expensive
and would have required extensive and costly maintenance.

In1975FarallonreleaseditsMulti-TissueDecomputer
which was designed to be a no-decompression meter. It
consisted of four permeable membranes, two of which
absorbed gas and two which released it. The Royal Austra-
lian Navy tested two metersin 1976 and found them to give
very divergent results. One became more conservative
while the other became more radical. In addition, various
mechanical problems eventuated. Tests done in the USA
confirmed that the NDL s given by the meter often greatly
exceeded those of the USN tables.
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Over the past ten years or so, various methods of
extrapolating the USN (and some other) tables to credit a
diver for the shallower portions of a multi-level dive have
emerged. These methodsrequire manipulationsthat aretoo
complex for many divers and require the dive plan to be
knownin advanceandrigidly followed. They are generally
unvalidated, and their safety is a subject of dispute. In
addition, if timeis spent at morethan two or threelevelsthe
calculations become prohibitively complex.

By the mid-1970s with the advance in microproces-
sors (a chip which can contain a series of pre-programmed
instructions) it became possible to construct a small com-
puter capable of doing very complex multi-level calcula-
tions. Recent technological innovations have overcome
some of the early technical restraints and the scuba diver
now has access to the convenience of automatic and more
accurate depth and time recording, together with accurately
computed multi-level decompression schedules, at far more
affordable prices.

A microprocessor is capable of reading a pressure
transducer (which convertspressureinto el ectrical impul ses)
very rapidly and can apply nitrogen uptake and elimination
agorithms(themathemati cal equationswhichrepresent gas
uptake and release) to this information every few seconds.
These computers can therefore track a diver’ s exact profile
and cal culate decompression regquirements according to it,
rather than by the “rounded-off” profile which is used with
decompression tables.

Despite, andin somecasesbecauseof, thesefeatures,
some reputable diving scientists, doctors and educators
remainvery critical of thesedevices. Somearguethat adiver
will become too machine-dependent and would be at aloss
and in a potentially dangerous situation if his computer
failed while in use. However some diving instructors feel
that modern decompression computersarelesslikely tofail
than divers are while reading the tables and that there are
somereasonablebail -out proceduresin caseof meter failure.
Probably the major fear of the computer criticsisthat some
computersbringadiver far too closeto, or beyond, thelimits
of safe diving, especially during repetitive dives.

The decompression models programmed into the
model-based computers are designed to simulate nitrogen
uptake and releasein adiver’ sbody. However they arejust
modelsand cannot completely predict thegasflowinand out
of our actual tissues. Our physiology is not always so
predictable as many factorsinfluence the rate of gas uptake
and elimination and the possibility of consequent decom-
pression sickness. So even though the computers follow
their model sexactly and thetheoretical tissuesprogrammed
into the computer load and unload as expected, our bodies
might not be behaving quite so predictably. There is no
safety margin built into most computerswhich substantially
compensates for this difference. Tables, on the other hand,
usually contain an inherent safety margin and, in addition,
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since we must “round-up” any intermediate depth
and/or timeto the nearest higher or longer tabled depth and/
or time, we partly, but not always fully, compensate for our
own body’ s deviation from the model.

A table-based non-mullti-level computer retains any
inherent and/or “round-up” safety margin of the table, a
table-based multi-level computer retains a small amount of
themarginand amodel -based computer retainsnomargin at
al unlessit is built into the model itself.

COMPARING COMPUTERSTO TABLESFOR NO-
DECOMPRESSION DIVES

When no-decompression times allowed by various
computers are compared to those allowed by varioustables
(eventhosebased onthe samemodel) for thesamedive, vast
differencesoften appear. Thesedifferencesbecome greater
for repetitive dives. Tables 1 and 2 compare the times
allowed by various computers and tables for two series of
repetitive dives that | carried out in a water-filled pressure
chamber. | have conducted avariety of other simulated and
real diveswith similar results. Someof thereasonsfor these
differences will be discussed in this section.

Single Dives

Table 3, below, compares the single dive NDLs of
various computers to those of the USN and Buehlmann
(1986) tables.

Single Rectangular Dives

It can be seen from Table 3 that the single dive No-
Decompression Limitsof thecomputersare more conserva-
tive than the USN limits and are generally similar to the
limits of the Buehlmann Table. Therefore for a single
rectangular dive these computers will usually give a more
conservative no-decompression time than the USN Tables.

It has been shown experimentally that divers who
diveright to some of the USN NDLswill be quite likely to
bubble during or after the ascent. By shortening the initial
NDLs and in some cases slowing down the ascent, these
computers (and modern tables) attempt to minimise bubble
formation during or after adive.

Single Multi-L evel Dives

On a multi-level dive the computers will normally
extend the allowable no-decompression dive time far be-
yond that allowed by the tables.

This occurs because the computer constantly cal cu-
latesthe (theoretical) gasuptakeor releaseat all levelsof the
dive, rather thanjust at themaximum depth astablesdo. This
function is demonstrated in Figure 1 which shows a dive
profile allowed by a Suunto SME-ML. At each level of the
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dive there was one minute of no-decompression time left
when the ascent was commenced to the next level.

Thissingle dive required no decompression accord-
ing to the computer, but required decompression of 15
minutesat six metresand 31 minutes at three metresaccord-
ing to the USN Tables.

Onasinglemulti-level diveof 30 mfor fiveminutes,
followed by 20mfor 10 minutes, followed by ascent to 15m,
the Suunto SME-ML alows a further 46 minutes of dive
time at 15m before a decompression stop isrequired. The
Huggins table alows 25 minutes at the 15m level before
requiring decompression.

Repetitive Dives

Thedives shownin Tables 1 and 2 were rectangular
divessothat themulti-level capability of the computerswas
minimised and thetimesallowed by the computers could be
compared to the times allowed by the tables.

Itisobviousthat the computersallowed substantially
more time for these repetitive dives than the tables would
give. Weknow that it isunwise, and at times hazardous, to
divethe USN Tablesto their limits, especially on repetitive
rectangular dives. How then canthegeneroustimesgivenby
these computers be justified?

As previously mentioned, divers who dive right to
some of the USN limitswill be quitelikely to bubble during
or after the ascent. Some of these divers will develop
manifestations of bends, but most will be asymptomatic. In
either case these bubbles will slow down the out-gassing
processand giveriseto moreresidual nitrogen for repetitive
dives than there would be if no bubbling had occurred.

By shorteningtheinitial NDLsand slowing downthe
ascent rate, these computers attempt to minimise the bubble
formation after the initial dive. This should enhance out-
gassing, reduceresidual nitrogen and thus enablelonger no-
decompression bottom times for repetitive dives. The
Buehlmann Table works on this premise. It utilises shorter
initial NDL sthanthe USN Table, followed by aslow ascent,
and thisiswhy it sometimes allows longer no-decompres-
sionbottomtimesthangivenby the USN Tablefor repetitive
dives. However, asyou can seefromtheexamples, usingthe
Buehlmann Tablefor repetitivedivesisstill more conserva-
tive than using most computers.

Because most tables are based on the off-gassing of
a single slow tissue during the surface interval they often
have asafety margin built into them, whereasthe computers
carry no such margin. Repetitive Groups and Residual
Nitrogen Times given in tables are designed to account for
the highest gasloading that istheoretically possible and are
usually based on a single tissue compartment only. Since
this tissue is a “slow” tissue it out-gasses slowly on the
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FIGURE 1

Thetimes given are in minutes unless otherwise
specified.
Divel
Depth 36m
Allowable no-decompression bottom time
Aladin 8
Microbrain 8
Edge 11
Skinnydipper 10
SME-ML 10
USN Table 15
Buehlmann Table 12
Bottom time (actual) 10
Decompression time required none
Ascent time 1.3 minutes
Dive 2.

Surfaceinterval 60
Depth 30m
Allowable no-decompression bottom time
Aladin 14
Microbrain 13
Edge 19
Skinnydipper 19
SME-ML 19
USN Table 11
Buehlmann Table 8
Bottom time (actual) 18

Decompression time required
Aladin 40 seconds at 3m
Microbrain 2minat 3m
Edge none
Skinnydipper none
SME-ML none
USN Table 15minat3m
Buehlmann Table 2minat 6 m
and 7 minat 3m
Ascent time 2.3 minutes

surface. The tables assume that all of the tissue compart-
mentsareunloading at thisrate and so may over-estimatethe
theoretical gasloadsof thefaster tissue compartments. This
resultsin shorter repetitivedivetimesthanwould beallowed
if theactua (theoretical) gasload inthefaster compartments
wasconsidered. Sothiscrudenessof thetable’ scalculations
may lead to longer surfaceintervalsthan arerequired by the
model, but introduces a margin of safety by assuming the
diver has more residual nitrogen than the model dictates.
However many depth and time combinationsmay lead tothe
same Repetitive Group athough, in reality, the nitrogen
contents in the various body tissues are quite different.

129

FIGURE 2
Thetimes given are in minutes unless otherwise
specified.
Divel
Depth 27'm
Allowable no-decompr ession bottom times
Aladin 19
Microbrain 18
SME-ML 22
USN Table 30
Buehlmann Table 20
Bottom time (actual) 18
Decompression timerequired none
Ascent time 3.5 minutes
Dive 2

Surfaceinterval 32 minutes
Depth 30m

Allowable no-decompression bottom times
Aladin 14
Microbrain 14
SME-ML 16
USN Table 3
Buehlmann Table 6
Bottom time (actual) 16
Decompression time required
Aladin 4mina3m
Microbrain 4mina3m
SME-ML none
USN Table 15mina3m

Buehimann Table 2minatém
and7minat3m
Ascent time 25minto3m
Decompression done 4minat3m

Therest of thistableisto be found on page 130

Computers calcul ate repetitive dive times according
to the exact (rather than the maximum possible) gasloading
given by the model, taking into account all the tissues used
in the model. This usually allows more dive time for
repetitivedivesthanisallowed by tables. However in some
situations the times can be similar. The deeper NDLs are
determined by fast tissues which absorb gas rapidly and
which off-gasrapidly at the surface. Repetitive Groupsare
based on slower tissues. If repetitivedivesare compared for
NDLsin the depth range where the Repetitive Group tissue
controlstheNDL (i.e. shallow to moderate depths), then the
limits given by thetables and the computer should be close.

On some long dive sequences or in situations where
repetitive dives are done over many consecutive days, the
computers are sometimes slower to unload as they are
programmed with slower tissuesthan are used to determine
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Dive 3

Surfaceinterval 32 minutes
Depth 36m

Allowable no-decompr ession bottom time
Aladin 7
Microbrain 8
SMIE-ML 10
USN Table none
BuehlmannTable none
Bottomtime(actual) 10

Decompression time required:
Aladin, decompression wasindicated
but cleared during (rapid) ascent

Microbrain 5minat3m
SMIE-ML none
USN Table 15minat6m
and31l minat3m

BuehlmannTable Amina6ém
and9minat3m

Ascenttime 1 minute

© J. Lippmann, 1987

therepetitivegroupsintables. Thismay leadtothesituation
where the tableswill allow you to begin anew days diving
without considering residual nitrogen from the previous
day’s diving, whereas a computer may still carry over a
penalty. Thiswill normally only applytothefirst diveof the
dayandthecomputer will thenallowlonger bottomtimesfor
the following dives that day.

ARE THE COMPUTERS SAFE?

Thesafety of thesedevicesisstill thesubject of many
aheated debate.

The main criticisms focus on the following argu-
ments:

1 Themodel sonwhichthecomputersarebased arenot
completely accurate. Decompressioncomputerswill
retain inaccuracies until the devices can directly
measureanindividual’ sactual tissuenitrogen levels.

2 Theinherent safety margin of thetablesaswell asthe
extrasecurity gained by “rounding-off” thetablesis
lost in the computers. Thiswill give a diver more
time, but will at times put him more at risk.

3 Although some of themodel son whichthetablesare
based have been well-tested for fixed-depth dives,
there have only been a few well-controlled, docu-
mented tests of the validity of the multi-level appli-
cations. The number of these tests has been insuffi-
cient to determine the validity of the multi-level
applications with any statistical significance.
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Beforereleasingthe” Edge” in 1983, Orcalndustries
conducted a study to evaluate the safety of the algorithm
programmed into the“Edge”. Twelvediversdid aseriesof
ten “chamber dives’. Nine of the profileswere multi-level
no-decompression profiles, and the tenth required decom-
pression. The diverswere monitored with Doppler bubble
detectors. In the 119 profiles completed, bubbles were
detectedin onediver and werethelowest grade of bubbles.?
None of the divers showed definite signs of bends. Two
divers were dightly fatigued, one had some skin itchiness
(whichoftenoccursinchamber dives) and another had slight
tingling in one leg. Tingling was a condition this subject
often had after diving but it was reported as it was stronger
thanusual. No conclusionscould bedrawn astowhether the
manifestations of fatigue and tingling were due to decom-
pression stressor other factors. However significantly more
dives are needed to establish the risk of decompression
sickness for the various schedules. For example, for each
schedule a minimum of 35 dives without bends is needed
before abendsrate of lessthan two per cent can be claimed
with 95% confidence.?

Orcalndustries report that more than 500,000 dives
have been done by divers using the “Edge” (to my knowl-
edge at the time of writing, the vast majority of these dives
have not been documented or validated) and that 14 cases of
bends in divers “properly” using the “Edge” had been
reportedto OrcaandtheDiversAlert Network (DAN) by the
end of 1987.4

Uwatec, themanufacturersof the* Aladin” (“ Guide’),
report that between 50,000 and 100,000 incident-free dives
have been done using the* Aladin” (to my knowledge at the
time of writing, the vast majority of these dives have not
been documented or validated) by theend of October, 1987.
These divesincluded 290 well-documented dives done, by
aBritish scientific expedition, in Lake Titicaca, 12,580 feet
(3,812 m) above sea-level .5

With well over half amillion apparently safe dives
carried out by computer-users, it might appear that the
computersareindeed safedevices. However, aswithtables,
it is difficult to determine whether it is the computers
themselvesthat are safe, or if the apparent safety liesin how
divers are using them and the type of dives that they are
normally using them on. Since most of the 500,000 plus
diveswereundocumented, itisnot knownwhether or not the
divers dived to the limits given by their computers. If the
unitsare not dived to their limits then we still do not know
how safetheactual limitsare. Thisisespecially relevant to
multi-level and repetitive dives.

More than 200 divers were treated for bends in
Australasiain 1987. The vast majority of cases displayed
neurological effects. These cases often arose after dives,
often repetitive dives, that were conducted in accordance,
and at times well within, conventional tables. Some had
done a multi-level dive but had surfaced within the NDL
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specified by the table for the maximum depth.¢

With such a high incidence of bends when diving
within conventional limits, somefear that more casesmight
beexpectedto occur whenthelimitsareextended, especialy
for repetitive dives. Ascomputers become more and more
common a better understanding should emerge.

By mid 1988, 79 cases of bends in divers using
computers had been reported to DAN. In Englandin 1987,
16% (11/69) of the diverstreated for bends had been using
adiver computer.” Recent (asyet unpublished) figuresfrom
Aberdeen show asubstantial bendsincidencein diverswho
used computers for multi-day repetitive diving.

| believethat to alarge extent the bendsratein dive
computer users will depend on how divers dive when they
usetheir computers, on thetype of dive profileand ontheir
rate of ascent.

It appearsthat adiver who ascends slowly will have
lesschanceof getting bends, especially neurological bends,
than one who ascends more rapidly. | believe that a diver
should ascend no faster than about 10 m/minute when
shallower than 30 m. Many computersincludeawarningto
tell adiver when heis exceeding the recommended ascent
rate. The rate varies between computers, but | believe it
should roughly equate with the above recommendation.
Thisfunctionisahighly desirable, if not essential, function
of any dive computer.

If you exceed the recommended ascent rate at any
stage during a dive, especially at or near the end of a dive,
reduce your dive time substantially from that given by the
computer for therest of that diveand for repetitivedives. If
bubblesformasa result of the faster ascent, they will slow
down out-gassing and makethetimesgiven by the computer
far lessrealistic.

| also highly recommend that a diver goes to the
maximum depth early in the dive and then gradually works
shallower. If adiver beginsadivein the shallowsand then
progressively getsdeeper and deeper beforeascendingtothe
surface, the nitrogen load in the“ slower” tissuesislikely to
contribute more than usual to bubbles which are subse-
quently formed in the“fast” or “medium” tissues during or
following ascent.

If you are using a dive computer | believe that you
should:

Ascend slowly. Never exceed the recommended
ascent rate and generally ascend at about 10 m/minute or
slower.

Go to the maximum depth early in the dive and
progressively and slowly work shallower. Endthedivewith
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profiles.

Donot diverighttothelimitsgivenby thecomputers.
They do not cater for individual susceptibility to bends.

Avoid using the computer for deep repetitive dives,
especially those with rectangular profiles (in fact avoid
doing deep repetitive dives!).

Intheevent of acomputer failure, ascendslowly to 3-
6 m (nearer to 6 m if possible) and spend as much time as
possible there before surfacing.

THE FUTURE

It appears that dive computers are here to stay and
they will devel op enormously asknowledge and technol ogy
advance. The current models are based only on depth and
time, but future computers might be programmed to include
other variablessuch asdegreesof individual susceptibility to
bends, exertion, water temperature and del ayed out-gassing
dueto arapid ascent. | am told that a computer which will
do the latter is currently nearing completion and | believe
this to be alarge step towards improving computer safety.

The ultimate computer would measure the nitrogen
level within an individual diver's tissues. | have put my
order in already!

SUMMARY

Divecomputersaredesigned to cal culatethe decom-
pression requirement for the actual dive profile, rather than
for the “rounded-off” profile which is used with tables.

Most current computers are programmed with an
actual decompression model rather than with tables.

Computerseliminateerrorsintablecal culations, and
usually provide much more bottom timethanisgiven by the
tables.

Tables include inherent or added margins which
provideadegreeof safety if our body absorbsmorenitrogen
than predicted by themodel. Computersdo not includesuch
margins as they follow the model exactly.

For single rectangular dives the computers usually
give more conservative NDL s than the tables.

On a multi-level dive the computers will normally
extend the alowable no-decompression bottom time far
beyond that allowed by the tables.

Thecomputersusually allow far moretimefor repeti-
tivedivesthanisallowed by tables. Thisisanareaof risk for
the computers as is multi-day diving.
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at least five minutes at 3-6 m. Avoid rectangular dive The
safety of divecomputershasnot been determined astoo few
validated tests have been done to determine the bends risk
associated withtheir use. However, thisisalsotruefor most
decompression tables!

The computers generally rely on a slow ascent rate
and the times given are less valid if a diver has ascended
faster than recommended.

Computerscanand dofail and thediver must havean
appropriate back-up procedure.

If using a computer it isimportant to:

Go to depth early and then work shallower through-
out the dive. Ascend at the appropriate rate. Do not dive
righttothelimits. Allow for predisposing factorsof bends.
End al dives with afew minutes at 3-6 m.

For multi-day diving rest every third day.

The above article is taken from a book relating to
variousaspectsof diving which John Lippmanniscurrently
finalisingfor publicationin1989. No part of thisarticlemay
be reproduced without the prior consent of the author.
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LIMBO DIVING - THE DANGERS OF FREE
DESCENT
CASE REPORTSOF TWO FATALITIES

Douglas Walker
SUMMARY

The dangers associated with scuba diving are well
documented and the region of maximum danger has been
identified asthe surfaceitself. Thecritical factorsinfluenc-
ing the course and outcome of al dives are discussed in all
diving manuals and by all who instruct others, but all make
theunstated assumptionthat thediver and hisbuddy arewell
orientated in regard to their surroundings. Thisassumption
does not hold true where the descent is made in deep open
water inthe absence of either adirect sighting of the seabed
bel ow or close contact with someother fixed and recogni sed
object, such asadescent line. Most diversin such circum-
stances would discover that they were untrained to accom-
modate to such conditionsand woul d experience adegree of
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orientation and stresswhich wouldimpair their responsesto
the problems they faced. Inappropriate responses due to
diver error can very rapidly cascade into a situation of
increasing danger. Two fatalities occurring in dives under
such circumstances are presented.

Case Reports
Casel.

All the diverstaking part in this club-organised boat
dive were trained and had some experience, though not
necessarily of thistype of dive. Thetwo diversinvolvedin
thisincident were probationary members of the club but had
shown evidence of their training and had been watched
during a dive that morning to 18m (60 fsw) for 44 minutes
and judged to perform correctly. Theafternoon divewasoff
arocky reef, in calm water and fine weather. The dive boat
had its anchor in 19.5m (65 fsw) deep water alittle off the
reef and the depth under itsstern was 24-25.5m (80-85 feet).
Astherewassome current flowing from thereef towardsthe
boat thediverswereadvisedto swimunderwater towardsthe
reef after making their water entry, they werealso advised to
limit their dive depth to no more than 18m (60 fsw).

Thevictim and her buddy were the last pair to enter
thewater and although the dive marshal suggested that they
descend down the anchor lineit is probable that they failed
tofollow thisadvice and made an open water “free descent” .
As they entered the water the first pair of divers surfaced,
having aborted their diveafter only 13 minutes, and reported
the presence of a down-current which had swept them into
24m (80 fsw) deep water while they were adjusting their
equipment underwater. They also mentioned that visibility
was so poor that they did not see the sea bed until they
reachedit. Unfortunately thevictimand her buddy probably
never heard this report of the conditions they were to
experience.

It is not known exactly what happened but it is
apparent from the buddy’ s account that they found them-
selvesforced downby thiscurrent, initially to 30m (100fsw)
depthandthen deeper still until they foundthemselvesonthe
seabed at adepth of 39-42m (130-140feet). Herethevictim
seemed to be experiencing aproblemwith her breathing and
gave an “out of air” signal. Buddy-breathing was initiated
but shortly afterwards the victim “blacked out” and the
buddy “shot to the surface” and called for help. A surface
search was maintained but the victim never surfaced, and
subsequent underwater searches failed to find any trace of
either thevictim or her equipment. Therewasnoimmediate
underwater search because it was recognised that there was
no chanceof finding thevictimalive, and minimal chance of
locating her in the low visibility conditions in the presence
of the current and depth-dictated short dive time allowable.
The duration of the dive had been 8 minutes.



