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New Zealand deaths associated with scuba diving,
from the period from 1961 to 1973 were reported in
a paper in the New Zealand Medical Journal by an
Auckland pathology registrar. He examined the
inquest details of the 21 cases over this twelve year
period. Thenumber of casesper year wasroughly the
same, which to my mind indicates an improvement
since scubadiving hasbecomemuch more popularin
recent years. Nine casesranout of air. Only intwo
was aspiration poorly but not adequately described.
Often histology was not done. There is a strong
indication that the causes of death are changing
possibly dueto better standards of diver education.

Dr Martin Sher

| have heard before of aspiration being the cause of
deaths. | wonder whether it should be part of diving
courses to learn bow to cope with vomiting. If you
fed likevomiting you should take your regulator out,
as vomiting into the regulator and then breathing it
back in may be the cause of aspiration. Talking to
divers, many of them are not aware that they should
takeouttheir regulators, their only thoughisto get out
of the water as soon as they can. How to cope with
vomiting underwater should be pushed by the
instructors and made known in diving courses.

SALVAGE DIVING

lan Lockley
Salvage Pacific Ltd.
Suva

Salvagedivingisafairly broad subject. | will confine
my talk totheareathat wework in. Our baseisinFiji
and we branch out into New Guinea, Australia and
occasionally to New Zealand. To the east, we go as
far asthe group of islands south of Hawaii. Most of
the diving we do is in warm water. This certainly
makes diving a lot more pleasant and enjoyable.
Most of it isalso in clear water, so we are normally
ableto see what we are doing. However, we do run
into jobs occasionally that go back to my early
training days, whichwereintheBrisbaneriver. Once
you were 1cm under the surface, it was dark and
everything was done by the Braille method. We
developed several technigues while we were diving
like this. One was to use the stainless steel mesh
glove used commonly in abattoirs, to enable us to
have thetactile sensethat is so necessary to perform
useful work when you cannot see. As the various
senses go, sight, touch, sound, naturally the diver
becomes less efficient. It is amazing the number of
little things that have developed in the industry,
particularly over thelasttenor fifteenyears, that have
enabled usto achieve moreand morein agiventime.

One of the problemswhichwerunintoin thispart of
theworldisthat it gets deep very quickly. We have
restricted our divingto compressed air, for thesimple

reason that to become involved in mixed gas diving
isvery expensive. Also, listeningto diverstalking, |
amquitesurethat thereisalot still to belearned about
it. Itismainly restricted to oil rig diving, which is
very well controlled and wherefinanceisnot thefirst
problem. Thereisalso the odd occasion, such asthe
recovery of the gold from HMS “EDINBURGH”
wheremoney wasnot really aproblem oncethetarget
was located. The diving on that particular job was
really quite straight forward, but it waswritten up in
abook, “The Discovery of Stalin’s Gold” asheing a
fantastic feat. From a professional diving point of
view, it wasthe sort of thing that isdoneevery day on
oil rigsaround theworld. Nevertheless, it must have
been a tremendous sensation to be picking up these
bars of gold.

Our diving hereislargely scuba. Wedo on occasion
use face masks, positive pressure systems, if we are
using communications. Wefindthat communications
canbeused quitewell with ordinary scubaequipment
if you havesomeonewho hasbeendivingwithyouas
abuddy, asthetopside operator. It isquite possible
to talk with an ordinary water mike. We leave it
dangling and when wewant to say something, we put
it up near the regulator and somehow squawk out a
noise. More often than not, the communication that
wewantisfairly smplesuchas”up” or“down” when
lifting something, or “on” or “off” when using a
hydraulic circuit. Quite often we use surface supply
to avoid the problems of putting heavy tanks on and
of filling them. It is much easier and cheaper to
operate on hookah if we are operating in deep water.
By deep | mean below 100 feet. Diving with ahose,
weuseeither anordinary demand regulator or perhaps
full facemask. Wealso useasmall bail out bottleto
enable usto get back to the decompression chamber
or to make asafety stop and carry out decompression
with the air that is on our back.

Wetry to make our system as safe as possiblein that
the particular diver who is down there working is
entirely responsiblefor hisown safety. Hemay need
support for carrying out the particular task, thisisin
the form of lifting and hydraulic power. But from a
safety point of view, | subscribe to the school that
every man should be on his own. So many of the
accidentsthat have occurred have been athird party
involvement, where they take the wrong mixture
down, or something strange has happened, and that
has led to an accident and often afatality. We have
done alittle bit of experimenting with the fibreglass
hel metsthat havedevel opedfromtheoriginal hardhat.
We do not use them now. We do not need them for
protection. We do not need them from the point of
view of safety. If you are going into a particularly
tight situation where there is a possibility that you
may get hung up, the full face mask is more than
adequate. Thefull facemask that weuseisapositive
pressure system. What would happen if somebody
blacked out with afull facemask likethat on | cannot
say, because| do not know of any case histories. But



certainly it would not beany different to wearing one
of the“Rat Hats” asthey are sometimes referred to.
They are ridiculously expensive to buy. They are
expensivetomaintain. Andall they really use, except
for the sophisticated communication system, is an
ordinary demand valve. Infact, alot of them do not
even have the refinement of regulators.

The Scubapro Pilot regulator came when we were
diving on the “PRESIDENT COOLIDGE” We
found the Pilot regulator of immense benefit,
particularly aswewereworking downaroundthe200
foot level on compressed air. We were sometimes
spending an hour and ahalf or even two hours at that
depth. Thisisinthe US Navy exceptional exposure
tables. We found it more productive to do onelong
deep diveeach day, rather than shorter dives, withall
the inherent decompression and problems. It has
awaysamazed methat they havenot introduced Pil ot
regulatorsor power breathingintothedeeper systems.
Some of the modern gasrecovery systemsfor mixed
gas diving are good, but still we do not see, to my
knowledge, power breathing. Wehaveall had power
steering and power brakes on our cars for years. |
wonder why we cannot have power breathing,
particularly inthe commercial world. | think thereis
anopportunity therefor someonetogetinandto push
power assisted breathing.

We have found when pushing new systems, | think
that thisappliesmoreto oil rig diving, that peopleare
very reluctant to accept something new. The rig
bossestend to use what they have operated with over
the last decade or so and anything new is regarded
with suspicion. Thereisgood reasonfor this. These
operations are obviously very expensive and asmall
problem can sometimes devel op into amajor one. It
is amazing how a small event can be magnified and
can stop the whole proceedings.

With our type of diving, on compressed air, we are
really limited to the topside of 200 feet. We have
done inspection photographic dives down to a
maximum of 270 feet. Weused an ordinary Nikonos
camera and found that they work quite well at those
depths, although | would not recommend it. Weare
lucky in that where we have done this, it has been
clear water in lagoon conditions. By lagoon
conditions, | mean a calm sea state and very little
current. | think that thishasatremendouspart to play
in compressed air dives. | understand that thereisa
lot of research going on into compressed air diving,
particularly in America. Wehavenoticedthat wecan
perform quite well to that depth to 270 feet if the
water is warm and it is clear. But as soon as you
change either one of those things, concentration
startstowander anditisvery easy tobecomedistracted
by the dlightest thing. | would suggest that perhaps
theclarity of thewater, the general ambient light, has
more to do with it than the temperature. It isfairly
easy to keep yourself warm with hot water suits. |If
necessary, a hot water hose stuck into awet suitisa
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very comforting feelingwhenyou aredecompressing
and you start to get the shivers, which can happen
eveninwarm, tropical waters. But at depth, | would
say light, or the ability to orientate has more to do
with success than anything. Some of you may
remember that, at the SPUMS meeting in Suva in
1978, one of our diversgave atalk on abad attack of
narcosisat 270feet. Hewasoneof thediverswho had
never experienced narcosisseverely and, likealot of
us, believedit could not happento him. Hesaw lights
dancing and could not concentrate and if he had not
had someone with him, he probably would have
drowned. The other person with him was able to
guide him back to the surface. He only ascended a
matter of 50 feet before hewas compl etely in control
again, and wanted to go down again and continue
what hewasdoing. | think that wasprobably brought
on by physica work. Sincethen, wehavelimited our
people to photographic surveys.

There have been peculiar things that have happened
in very deep water. | have just come back from
Aberdeen, where they have taken to filling lift bags
with helium. You canimagine what it coststo fill a
10 Ib lift bag at 1,000 feet with helium. They were
using compressed air for lift bags up until recently.
However abubble of compressed air happened to get
under the skirt of a diver's mask and he suffered
nitrogen narcosis, at something like 1,000 feet. You
canimaginethe effect of that. Y ou can alsoimagine
the cost of the other way around.

Our reason for not going into mixed gas, athough
thereareplenty of targetsinwhichwe could useit, is
oneof cost. Itisnot justthecost of thegas, but thecost
of setting up the whole diving system. Today, one
would haveto spend somethinglike 1,000,000dollars
to buy agood system and this would only be a 800-
900feet system. Thiswould enableusto go after alot
more of the lost cargoes in our area. There are
somethinglike250 merchant shipssunk inthe Second
World War in this part of the Pacific. We have done
someresearch to turn up the worthwhilerecoverable
cargoes. We now have afew of these on the topside
of 700 feet of water and we are wondering whether
wewill gowith diving equipment, putting man down
there, or useremotecontrol to placeexplosivecharges
and use grabs and cranesto do therecovery. Itisnot
avery difficult thing to cut aholeinthe side of aship
and reach in with a crane grab and lift out the
nonferrous cargoes that we are interested in. It has
beendonebefore. Whenthegoldwasrecoveredfrom
the “NIAGRA" during the Second World War, they
used pieces of water pipe packed with explosivesto
cut the side out of the ship in 400 feet of water, and
then lifted out the gold after removing the door from
the strong room. All that was done with a small
observation chamber and grabs operated by a little
coaster 400 feet above. | think that today using
modern technology and integration of electronics
and hydraulics and remote systems, it is al quite
feasible and can be done economically, but we have
yet to proveit.
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We have ateam of men and equipment. Itisalittle
bit like the fire engine and the firemen situation, we
get sick of polishingthefireengineand welook about
toseewhat isworthrecovering. Wehavefinishedthe
cargoes in shallow water on the topside of 200 feet.
Some of the vessels were wrecked well before we
started off operating in the area, but we haveworried
them over the years to the point where we have now
cleaned them up. Thisisthemain reason that weare
looking now at deeper operations.

Whether you go to the 200 foot line or to 2,000 feet
or infact to 20,000 feet, the operational problems of
remotesystemsarevery similar. Itisvery easy to get
an electrohydraulic power pack down to 20,000 feet
of water to perform useful work. It isthen easy to
send excellent TV pictures from 20,000 feet and to
operate manipulators. These systems are alittle bit
experimental. Thiswasthe sort of thing used by the
US Navy with the Hughes group of companies, in
recovering parts of the Russian submarine. A lot of
the technology that is in the oil industry today has
developed from that. The US Navy developed a
remotely operated vehicle (ROV), an early seeing-
eye TV camera. It is operated by nearly every
company using mixed gasesin deep water. Most of
the divers prefer to have one of theseflying eyeballs
watching them. It gives them an extra sense of
security. There is always the old worry of looking
over your shoulder to seeif you are going to become
part of thefood chain. Theseflying eyeballsoperate
to 20,000 feet just as easily asthey operate at 2,000
feet. The electrical and hydraulic systems operate
just as easily. There are afew problems with extra
depthlikethedynamicsof cablesandall theequipment
that is needed to get it through miles of water, but
these problems can be overcome if the economics
justify it.

TheROV systemshave devel oped to the point where
aTV cameracanbedynamically positionedwithplus
or minus haf an inch from the surface in many
thousands of feet of water. Heading direction can be
maintained to an eighth of adegree. The equipment
can moreor lessbe bought off the shelf, thanksto the
spacerace. Itisthesameequipment usedtoguidethe
space shuttle. It can be integrated with
microprocessors and with a simple joy stick can be
controlled by a pilot, who preferably is a diver, to
inspect awreck, or awell head, andto do simpletasks
like turning valves on and off, placing explosive
charges, and operating the controls of hydraulic
manipulatorsto do largework tasks. Itisall feasible
andisbeing doneinindustry today. A lot of itisstill
experimental.

Some companies are pursuing ways to keep a man
down there under pressure and thereisalot of work
being done on that. Others are taking the tack of

putting a man into an armoured suit, the JIM suit. |
do not think that systemwill bewith usfor very long,
| think that we are going to see either abreakthrough
in medical technology so that man can work
successfully below 1,000 feet, or we are going to see
completely remotesystems. Itwill bevery interesting,
from our salvage diving point of view, to see which
way it goesinthenext decade. Inthefilmthat wehad
takenontheWAIGANI EXPRESS, al ot of discussion
was going on with chain caught up in 200 feet of
water. Wearefrustrated by not being abletowork in
that depth which is really fairly shallow. We have
decided at this stage to go with a ROV and ROV
remote pilot vehicle, so that we can send a camera
downto that depth very easily, deployed from a boat
of opportunity, which could be anything as small as
a 35 foot workboat. We could send this cameraand
amanipulator down to 2,000 feet if wewanted to, by
quite simply lifting it off the back deck. Y ou cannot
send adiver down to 2,000 feet by dropping him off
theback deck. Wecanthen usethismachineto attach
lift bags to heavy weights. We can use it to place
explosive charges so that it can cut 3" chain cable, or
3" wire rope. We can then direct the force of the
explosiontochopapiecefromacoral headin400feet
of water. | think that modern technology intheform
of hydraulics and electronicsis ahead of man at the
moment.

We have been frustrated because we cannot work in
400 feet of water, but we have found this little
machinethat wefeel wecan makedo useful work. At
themoment, if wedo get achain caught up at 400 feet,
we haveto go through the problem of manoeuvring a
tug at thesurface. Wethenmay runinto bad weather,
suchasweexperienced ontheWAIGANI EXPRESS
wherewe had 100 ton tow linesbroken like pieces of
cotton and all the problemsthat they cause. | cannot
blame the people working on the back deck who say
“That's enough” when a rope like that breaks. It
whipsback and tears steel bulkheads apart. Y ou can
imaginewhat it would dotoaman, if hewereunlucky
enough to bein the way.

If we stay with long duration compressed air diving,
above 200 feet as we did for the COOLIDGE
operation, we have found that it is very successful.
Whenweembarked onthat programme, wewerejust
alittle bit concerned that we were going to be faced
with the incidence of bends (about 3%) that is
apparently acceptableto the USNavy. We prepared
as best we could with a bell that was attached to the
side of the ship and a small transportable pressure
chamber. Wewerelucky enough to havethe backup
of the Australian Airforcefor that transport chamber.
It would have gone to Prince Henry Hospital to their
recompressionchamber if therewasaseriousproblem.
In thousands of dives, involving exceptional
exposures, weonly had onesuspected limb bend. We
do not think it really wasabend. | think it was more



astrained muscle, but wetreated it on oxygen with a
shallow table, and it disappeared and there were no
recurrences. | wonder why we were able to make
thousandsof divesunder working conditions, and not
have perhaps a single problem. No one really has
been able to provide an answer to that other than we
wereunconsciously putting inanintermediatestop at
approximately 90 feet, because that was the depth at
whichthechamber tether chainswereattached. Unless
we happened to work immediately adjacent to that
attachment on the wreck, we swam horizontaly at a
depth of between 80 and 100 feet for three or four
minutes along the hull so that we were always in
contact with the vessel al the time to the chain.
Perhaps that deep water stop, which was not part of
our decompression time, was providing that margin
of safety. Perhaps there is room for a little bit of
investigation there.

| feel that adiving bell ismost effectivefor that type
of decompression. | am not in favour of surface
decompression routine, athough it is widely used.
We have found that our divers prefer being able to
ascend directly to the chamber. They do not likethe
thought of jumping out of the water, slipping off as
much of their gear as they can and immediately
getting into achamber while someone shuts the door
and hopefully turnson an air valve, or even leavesit
to the diver himsdlf to turn on an air vave, to
repressurise him within 5 minutes of leaving hislast
stop.

Of course the diving bell, and certainly the surface
bell, can only be used in calm, relatively current free
waters. Itwouldbeimpossibletotether abell inopen
sea conditions, where there was any surge running,
the pressure changes during the last stop at 10 feet
wouldbetoogreat. Theaternativeistoleavethebell
down at 40 feet and decompress on oxygen, then a
tethered bell could be used readily. However, a
ground swell surging backwards and forwards 15
feet, would makeasubmerged bell very uncomfortable
at 40 feet. Perhaps transfer under pressure is the
answer. That system is used for mixed gas diving.
Butitisexpensive. Itiscumbersome. It requiresalot
of topside support and cannot be deployed from a
boat of opportunity, unlike our little ROV system.
What wearelookingforistheimpossible. Beingable
to jump a man off the back of the boat, instead of
throwing our little ROV into the water, and say “ Go
down and see what the problem is at 2,000 feet and
whenyou havefinished comestrai ght back upagain.”

Walter Stark developed the Electrolung more than a
decade ago. This certainly enabled you to jump off
the back of a boat and go down to 600 feet, perhaps
more, swim around, do your thing, and come back up
again and then promptly die with massive
decompression problems. Perhaps gas changes,
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perhaps different mixtures may solvethe problemin
thefuture. Today, we havethe pressure sensors, gas
sensors, gasregulators, processorsthat thewhiz kids
need to come up with a solution to this. Perhaps by
gas changing one can eliminate the decompression
problem and then it will be possible to jump off the
back of aboat.

| think that the decompression problem is the real
one. Other than exploratory dives, such as
photographic dives or survey dives, we generally go
down to perform some work. We take power packs
withus. A small power pack today isreadily available
intheform of surfacesupport fromacabl eat anything
up to several thousand volts to hydraulic coaxial
cables, to explosive contained energy. All theseare
possible, but decompression isnot unlesswego into
the difficult systems, transfer under pressure and
deck decompression, but onecertainly cannot operate
them from a boat of opportunity.

What doesthefuturehold? By thefuturel meanthe
next five to ten years. Are we going to see R2D2
robots taking over? With divers operating them?
Thereisalot of money being spent at the moment on
training pilotsfor thismagical littlemachine. Itismy
opinion that they need to have come from the
commercia diving worldto makeagood pilot. How
you can project yourself into one of these little
machines, down at several thousand feet, and then do
useful work isalittle bit beyond me. But with these
forcebalanced dynamically positioned systems, with
master manipulatorsitispossible. Theintegration of
thesesystemsisstill experimental. Perhapssomeone
will come up with the magical solution to the
decompression problem. | am quite sure that
electronics are going to play a mgjor part, because
under situationsof stress, even our computer tendsto
break down and make mistakes, and | think that |eads
to more accidentstoday than anything else. Thepush
from surveying the various operations around the
world is towards machines and not man in the sea.
Theother school, which appearsto bethe minority at
the moment, are saying “Keep man down there’.
Only the future will tell.

In our thirteen years of working in a difficult and
hostile environment, quite often from boats of
opportunity and in places of opportunity, al the
accidents that have occurred have been the people
factor. We have never been able to explain why
somebody, whoisexperienced, hasdoneasilly thing.
Quite often at times that are not apparently of any
stress, peoplehaverun out of air, when they have had
backup systems, when they have had buddies diving
with them. They have been diving with
communications and suddenly the communications
havegonedeadfor noreason. | think thisisonething
that we cannot eliminate, the peoplefactor. | feel sure



26

that even if we are able to solve the problem of
decompression, so that we can jump off the back of a
boat of opportunity, like our little machine, that we
are still going to have alittle machine following us.
Perhaps the diver is going to be telling the little
machine what to do. After all, how many watts of
power can we produce for any given period of time
compared with what a machine can do? | think this
gets back to our power breathing, power brakes,
power steering. | think that is the way that the ail
industry will begoing, and | am quite surethat isthe
way that we will be going in our salvage diving.

LETTERSTO THE EDITOR

PO Box 79,
NAPIER 4000,
New Zeaand
Dear Sir,

The factors affecting the advisability of contact lens
use vary as widely as the types of diving, and a
blanket rule against contact lens usage in diving as
suggested in the January to March 1983 SPUMS
Journal is rather an over-reaction.

| certainly agree that contact lens wear is never
acceptableinsaturation or chamber diving. Anything,
such asacontact lens, which could possibly affect or
reduce the corneal integrity, allowing the possible
entry of pseudomonas, which is such a familiar
inhabitant of chambers, cannot be permitted. A
pseudomonas infection can result in the very rapid
destruction of the cornea, the risk of which is not
acceptable in any situation, let aone under the
limitations of a chamber or offshore environment.

SimonandBradley’ scompl etepaper onthe” Adverse
Effectsof Contact LensWear During Decompression”
isan extremely interesting paper because, asfar as|
know, it is the first time that dit lamp microscope
observation of the cornea has been utilised during
hyperbaric or decompression procedures.

The point that the unfenestrated PMMA (hard) lens
caused bubbling in the pre-corneal tear film is not
totally convincing in such alimited study. The fact
that no details of the corneal or lens variables are
guotedintheoriginal paper unfortunately reducesthe
value of the study.

There are many different techniques of fitting these
lenses, each of which involve a dightly different
relationship between the lens and cornea. Some
techniquesrequirefenestration (holesinthelens) for
adequate corneal ventilation, whilst others offer

adequateoxygenationandventilation by other means.

My own work at the USAF School of Aerospace
Medicine confirmed that there are no changes in
corneal curvatureunder pressuresoany physiological
changes during diving will be related to ventilation
(ingassing and outgassing) and not because of any
mechanical changeinthefitting rel ationship between
the lens and the eye.

A convincing and valuable conclusion of Simon and
Bradley's paper, however, is that lenses fitted for
diving must have good ventilation. We must
remember that thiscan beachieved by other meansin
addition to fenestration, particularly including the
use of the new oxygen permeable materials.

| am not necessarily convinced that the bubblesinthe
pre-corneal film had to be nitrogen. As the cornea
was oedematous, it could well have been carbon
dioxide.

A recent Swedish study investigates the adhesion of
contact lensesto submerged eyes. Thereisno doubt
that hydrophyllic (soft) lenses have vastly superior
adhesion and arefar lesslikely tobelost. Right from
theearly daysof hydrophylliclenseswe haveknown
that infresh (hypotonic) water, adhesion wasso great
that forced removal could actually pull away the
corneal epithelium. Lovsund’'s group found
additionally that adhesion wassufficient in seawater.

For sport and light commercial diving, | cannot find
any studied arguments against soft lens usage.

| also fedl that the use of hard contact lenses is
permissible in normal circumstances. Redlistically
both types of lens are not likely to be lost during
normal diving activities, but it must be understood by
thewearer that hard contact lenses do not possessthe
same adhesion as do soft lenses.

Thereservationsthat | havewithhardlenses, therefore,
pertain firstly to someone with a high degree of
ametropia who, in the unlikely event of both lenses
being lost, was unable to find his way, operate his
instruments, or find his boat or entry.

Equally, someone undertaking diving activities that
present high risk of mask loss such as could occur in
some rescue, military, or police diving activities,
should not wear hard lenses.

Y ours faithfully,
Quentin Bennett



