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and whose exposure at any onetime hasnot exceeded four
hours.”

Do you want me to go on? You can get the gist. Onthe
wholeitisannual, but for young guysand peoplewho dive
at lessthan 30 metres, and do not stay under for more than
four hours, they will be about every three years.

COMMERCIAL HELIUM-OXYGEN DIVING

David Elliott

Divingisasubjectinwhichyouareall obviously interested,
so having given you some fairly serious papers, | thought
that it was timeto give you one which isreally of interest
value only. But, nevertheless, as doctors involved in
diving, it isworth your whileknowing what isgoingonin
the commercial diving field, if only to appreciate the fact
that divingisavery important part of occupational medicine
and applied physiology.

Pressure affects every ceil of the body. In fact there is
hardly a system that is not affected by pressure. |1 would
remind you that many bio-chemical reactionsin the body
arenotiso-volumetric, which meansthat they will either be
inhibited or accelerated by pressure. This means that
literally every cell of the body is affected. There are
variousrather subtleenzymechangesthat cangooninman
when he is at very great depth. Pressure is used as a
researchtool, asanadditional variableto basic physiology.
There are anumber of physiologistswho areinterested in
the effects of pressure, who study various uni-cell
preparationsand other systemsin order totest how pressure
affectsphysiology. | think that itisworthwhileappreciating
that thereisalot moretodiving applied physiology thanthe
somewhat easy version which we teach in the courses for
diversand soforth. | feel very strongly that diving should
be part of applied physiology training, becauseitisavery
useful academic subject in the area of atered physiology.
| aso believe that more occupational medicine should be
taught in medical schooals. | think asdiving doctorsand as
hospital consultantsthisissomethingthat you caninfluence
in the future.

Having finished my little sermon, let me now get onto the
diving which | am working in myself. Divingisindeed a
limiting factor for the future of the offshore gas and oil
industry. Thistalk will not be diving medicine, it will be
about practical diving and diving physiology.

The diver is regarded as nothing more than a versatile,
effective and relatively cheap underwater tool. If thejob
could be done by some mechanical device the engineers
wouldpreferit. Sofar asthey areconcernedthediverisjust
a damned nuisance, because heis a biological specimen.
Things can go wrong and when they do everything elseon
theplatform can cometoastop. Diversare cheap, andthey
areversatile, but they are not very popular. But with good
diving proceduresand well mai ntai ned equi pment acci dents

are quiterare. Our problem isthat as divers go to deeper
and deeper depths, as the world needs oil from deeper
water, so the margins of safety for divers associated with
the oil industry are getting less and less. Also the cost of
supporting a diving system at great depth increases
enormoudly.

This has stimulated a number of developments such as
JM, which isaone-atmosphere suit. | imagine that most
people in Australia are familiar with this because it has
been used extensively, both in Bass Strait and on the
North-west Shelf. Thething about JIM and the other one-
atmosphere systems is that the man is totally protected
from the high pressure environment. Therefore there are
no physiological problems of any significance. The
difficulty isthat JM, although pressurerated now to 2,000
feet,iscumbersome. Forinstance, if hegetshisfoot caught
in something he can not reach down below his knees so
another JJM would have to haveto be used to rescue him.
It is so big that if you design an underwater manifold
system for the pipeline you have to design it three to four
times as large as you would haveto do if you had adiver
to do the same job. That costs a lot more money than
employing a diver in the first place. Sometimes it is
cheaper to employ a diver to do the job because it is so
cumbersome. JIM and remotecontrolled unmannedrobots
were supposed to virtualy replace divers from the off-
shore scene. Like most predictions this one was
considerably premature. Infact the only placewhere JM
really worksisontheexploration side. Herethedrill ship
is just testing a well in some remote part of the sea and
occasionally may need to send JJM down to do something
at the seabed. For the construction phase of the oil field
and later for the life of that oilfield, when there hasto be
maintenance inspection and occasional repair, there are a
lost of tasks for which JIM is quite unsuitable.

Welding underwater is often required. One uses a thing
called apipe alignment frame. The pipe alignment frame
links up the bits of an underwater pipeline that haveto be
joined. Theframeisquiteabig pieceof engineering. The
bell will comedown andthediverswill either get out of the
bell and do some sort of jobinthe water, or they will blow
down thelittle inverted habitat inside the frame and work
in a dry environment to weld the two ends of the pipe
together.

Divers are essentia to the kind of work which the gas
industry and the oil industry will need in the future.
Therefore the priorities are to try to determine how deep
man can go in the open sea to work both effectively and
safely, becausethat isthelimit for what wecan get back out
of theseaintheway of oil and gas. Thatismy primary job
for aparticular oil company. Rather surprisingly, thereis
no other oil company that does this sort of thing. | think
they are hoping that we will do it for them. But in the
meanwhile we have got a head start on them and are far
better able to bid on offshore contracts, because we know
as much about commercial diving as any diving concern.

What | would like to do next, is to give you a synoptic
history of helium diving. Although | am tempted to go



back to the year 1906, when therewas arecord air diveto
310 feet, | think | had better begin in the early 1960's,
whichiswhenitall begantotakeoff. Atthattimetheworld
record was held by the Royal Navy. It was 600 feet with
abottomtimeof about 6 minutes. Commercia deepdiving
at that time was limited to bounce dives to about 450 feet
with about 30 minutes bottom time, sometimes stretching
to 60 minutes. The divers were normally ex-USN divers
using ex-USN hard hat equipment and US tables. | can
well remember theway that they treated their bends. They
did entirely in-water stops and they would shout over the
intercom “Hey, Bill, let out abit of slack”. That istheway
they treated any bendsontheway up. It wasapretty dodgy
game and that is as recently as 1960.

At the sametime and at very much shallower depths, only
about 30 feet to 100 feet, the USN Sealab 1, with George
Bondandthe Con-Shelf Onewith Cousteauwerebeginning
to gain some public attention. They were pioneering the
ideathat divers might liketo livein an underwater city. |
haveyet to meet acommercia diver who agreed with that
particular idea. So it was a bit of ared herring, although
some of the research has indeed been relevant.

Against this dominantly naval background, the Royal
Navy doing bouncedivingandtheUSNavy doingsaturation
diving in ahabitat, we began to get stories of some crazy
Swiss mathematician doing impossible dives and coming
up in atimethat should surely kill him. This chap, Hans
Keller, and his medica advisor, Professor Buhlmamn
from Zurich University, were thought to be using secret
gas mixtures in order to do decompressions which were
just so rapid as to be potentially lethal from our point of
view. Nevertheless, they managed to do a 1,000 foot dive
under the eyes of the French Navy, in their chamber in
Toulon. Next they got US Navy support and did a dive,
usingaShell platform, off California, to 1,000 feet. There
is some doubt as to just how much Hans Keller managed
to doin the water at 1,000 feet, but he certainly got out of
thebell, becauseit was hisfin that stopped the lower door
from closing after that. But he was very short of gas
because there had been a leak overnight and they were
usingthelast bottlesto dotheir dive. Soitwasnot donein
a particularly efficient, good diving manner. The result
wasthat hisbuddy died ontheway up from decompression
sickness. Thestandby diver sent down fromthe surfaceto
try and close the bottom door was swept away and never
seenagain. Soyou canunderstand that the Americanswho
witnessed that, boththe Navy and Shell, really thought that
there was no future in deep diving. The USN then
continued their saturation diving in shallow depths while
Shell proceeded to develop a thing called the Lockheed
system.

The Lockheed system is a one-atmosphere system. One
hasatypical openseaworkboat withan A-framecontaining
what lookslikeadivingbell. Thatisaone-atmospherebell
anditisan absolutedreamto goinfor adiver becauseitis
so comfortable. Thisbell islowered onto aseabed habitat
whichisalso one-atmosphere. Engineerscan go downand
do any maintenance and then shut the door and come back
to the surface. That sounds like a jolly good system
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because you do not have to use divers. But there are a
number of problems which we need not bother to go into.

Oneisthevast expense of maintaining the surface support.

Another isthat L ockheed rather oversold it by saying that
it wasa"shirt-dleeve’ environment. For an engineer who
hasnever | eft the surfacebeforeit could bequiteterrifying.
But for anyone who has been diving in a bell it is an
absolute breeze. Sothe L ockheed system wasborn. That
wasthebasi sof most American commercia developments
inthe next few years, with one notabl e exception, which |

shall cometo later.

Shell formed a diving company and commissioned
Professor Buhlmann and Hans Keller to do research. We
only got rid of that company two years ago. He had been
workingfor usfor 18 yearsand had doneal ot of good work
in that time.

Soin Europewebegantofeel that Keller had done, in spite
of thosefatalities, alot of good work. It wasatremendous
breakthrough. Immediately, the Royal Navy resumed its
bounce diving. Thisiswherel camein. A 600 foot, one
hour bottom time dive done in the 1964-65 season, off the
south coast of France.

What wearetalking about, whether itisasaturation system
or abouncedive systemisadeck decompression chamber
and a diving bell. The bell goes down and gets to the
bottom. It equalises with ambient pressure so that the
divers can get out. They return to the bell and shut the
bottom door. The bell ishoisted to the surface kept at the
pressure of the bottom. It is then locked on to the deck
chamber at the same pressure. After they havetransferred
thediverscandotheir decompression, if itisabouncedive,
comfortably in the chamber. If it isasaturation dive they
can stay there and live at that depth, going down later as
required.

The most significant commercial development at that
time, 1965, was the first commercia saturation dive, for
the hydroel ectric scheme on the Swiss Mountain Dam.

What has been happening since then? We have just been
trying to makethe diversgo deeper, longer, and do it more
safely.

Saturation Diving

A bounce dive with 15 minutes bottom time at 450 feet
requires approximately 5 1/2 hours of decompression. So
if you get an hour’s working time, of which alot will be
taken up in getting out of the bell and all that sort of thing,
you have got to have more than a 24 hour availability of
men. Gas uptake reaches equilibrium after about 6-12
hours, the precisetimeisneither agreed nor known. If you
stay longer than that and become equilibrated, then there
is no further uptake. Since thereis no further uptake the
decompression penalty will not increase any further. So
after you have been down at the bottom for nearly 24 hours
the decompression profile will be identical even if you
were to stay thereamonth. That is exactly what is done.
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Theconcept of saturation divingis, you go down, you stay
there, achieveequilibriumandthenit doesnot matter when
youcomeup. Youmay just aswell get thejobfinished and
then come up slowly. The only difference now isthat we
tend to saturate at a depth somewhat shallower than the
working depth, and then makelittle bounce dives each day
to the working level. That meansthat if one hasto use a
hyperbaric lifeboat the divers may be 150 feet nearer to
safety than they would otherwise be. It isalso something
of abother because we think that may be what is causing
bone necrosis. But we really do not know.

| would like to show you a pressure chamber which was
actually built, welded together, stressed, in the basement
of ahospital. Thereisawardimmediately aboveit. Sothe
engineering, the airconditioning system, the great heat
stress, was quite achallenge. It isa 1,000 metre system,
and it was designed by the same man who designed that
little one man chamber that was in the Swiss helicopter.
One can go down at a rate of 500 metres in 50 minutes,
maintaining ambient temperatureat 32°, whichiswhat the
diver requires, and also maintaining the noiselevel at less
than 20 decibels. It is beautifully designed.

Y ouwereshownafilmof JANUSIV in Singapore. ltwas
acombined diveby theFrench Navy andthe Comex diving
organisation, off the south coast of France. My dlide
picture was taken at 450 metres in the open sea. They
actually did 10 minutesat 510 metres, whichisthe deepest
that man has been in the open sea. But unfortunately a
piece of Comex breathing apparatus packed up, so it was
not really aworking dive. Nevertheless, it showsthat man
can get in thewater and do beautiful work at those depths.

Perhaps the world's best deep-diving unit is in Panama
City inFlorida. Unfortunately, | haveabsolutely nosay in
its management because it belongsto the USN. It hasgot
asaturation living system at the top and underneath there
isafloodable chamber that cantake a32 feet submersible.
Thewholethingwill go down to 2,000 feet. They employ
four doctors, twelve medics, and sixty divers. Their
research effort is as great as the rest of the world put
together.

Wearenot very interested to find the maximum depth that
man can work. Really what we are interested in is, how
well canmanwork incoldwater andin breathing apparatus.
One needs a decent breathing apparatus with good
communicationtothesurfaceand heating of theinspiratory
gas. Theother thing which bothersusalittlebitiswhether
there are any long term consequences to the health of the
diver. Theanswer, at themoment, isthat althoughwehave
found various changes and enzyme changes at depth, it all
appearsto betransient. But by transient | mean that they
go within afew months of surfacing.

Last year you had John Miller onthe Duke University dive
in 1980. Shell put $50,000 into Duke University’ sdivein
January thisyear (1981).

Oneneedsalittlebit moregasfor adeep chamber divethan
one doesfor sportsdiving. The oxygen content of the gas

hasto be monitored very closely. Itis0.72% at maximum
depth, so that has to be kept within about 0.05%. They
were doing pulmonary physiology, including breath by
breath 02 and CO2. Sothe standard of gas calibration had
tobeabsolutely superb. They hadtwotechniciansworking
for oneyear just to calibrate all the gases they needed for
that dive. They went doom to 2,165 feet in the first
instance, which is the depth that they just achieved last
year. John Miller was once again responsible for the
medical aspects of the dive. | was just avisitor. They
performed all the normal sortsof cyclometrictests. There
werethree professional diversinside and each one did an
arterial puncture on one of the other divers and had no
troublein doing it. | consider that is a major measure of
their mental and physical ability at depth.

Atthat depth onediver did 240 wattsfor 5 minutes. | think
that effort on the exercise bicycle is best compared to
running a5 minute milein mud with Wellington boots on.
He was alittle bit knackered afterwards, but his PaCO2
remained pretty good. It did not go up very much. Sothat
showsthat man canwork very hard at very great depths. It
showstoo that we can hope that man will perhaps one day
get to those depthsin the sea. Then they went deeper and
did 24 hoursat 2,250feet. They had morethanelevendays
deeper than 2,000 feet. That is the deepest that man has
ever been to in high pressure chambers.

The deepest and longest that man has ever worked in the
seacommercialy ishaf that depth. That isthe bottom bit
of the Cognac Platform, at adepth of 1,025 feet. To place
it, two derrick barges were used with a saturation system
on each. This was for Shell, and | was quite heavily
involved.

The saturation system on one of those barges has an entry
lock to the deck chamber and amating diving bell, which
is hoisted by an A-frame. There is the saturation shack
where they monitor the gases and pressures and generally
look after themenwho areliving inthe chamber. Thereis
thedivecontrol shack wherethey look after thebell. There
is also the most important thing in diving monitoring, the
little mobile eyeball known to the divers as“Harvey”. If
he did not come and watch them they used to beckon him
over and pat himonthehead. Itisvery useful becausethey
position thework basket and the bell right next to the job,
which has been pre-planned. The diver would not come
out until all was ready, and topside were able to see
everything the diver was doing. That diving was over a
period of two years. The diversworked morethan 14,000
man hours at more than 900 feet. Thereisagreat gulf at
present between what can be done commercially and what
can be donein a University |aboratory.

So the next emphasis is how we are going to bring them
together, because commercially we do not have the
equipment of the USN Experimental Diving Unit. |
mentioned when | was dealing with contingency planning
both the Lost Bell and Polar Bear project, which is what
wasdoneat theNorwegian Underwater Institutein Bergen.
The chamber only started work in February 1980. It is
rated to 650 metresand hastwo living chambers, atransfer



lock, and awet lock, rather liketheoneat PanamacCity, but
aquarter of thesize. They havegotabell whichtheoretically
can take divers from the living chambers and lock them
onto the wet part. But they do not do that, because they
only have a second-hand bell. The Polar Bear Project,
which Shell sponsored and ran, had help from the by
Department of Energy and the Norwegian Training
Directorate. When we were running the Shell doctor’s
courseinBergenlast year | waspleasedthat theNorwegian
Shell Company came along and said that they would
sponsor thiscomplex, as Shell’ scontributiontoNorwegian
Research, because oil companies have to make a
contribution in Norway if they want to have any hope of
getting a contract for development.

Last November we did a 300 metre dive in this chamber.
The purpose of that really wasto weld the two together, |
think they made every mistakein the book, but they came
out of it very well indeed. They are now so confident that
we are going to do a500 metre divein that chamber. You
can actually have a dry compartment and then a wet
compartment in a horizontal chamber. We are going to
send one team of men down to 500 metres on oxy-helium
rather like the USN has done and Zurich University has
done, and Professor Lambertson has done. In the other
chamber we will take the divers down on the Duke
University profilewith added 10% nitrogen. Wewill then
comparethetwo groupsof diverswhen they hit maximum
depth. The emphasisisnot ontheacademic asmuchason
the practical. Our real objective is to simulate open sea
conditions in cold water and test breathing apparatus,
heating systems and communi cations systems.

DISCUSSION
Question:

Isthereany movetotry hydrogenin deep diving or canwe
expect to go from Trimix to yet a more complicated
mixture?

Dr David Elliott

Hydrogenisavery good diving gas. Itislessnarcotic and
lighter than helium. 1t does have atendency to explodeon
contact with air, but if the oxygen content islessthan 4%
itisnon-combustible. The Swedish Navy, many yearsago
did some very successful dives on hydrogen, but
unfortunately adiver died duetoasimpleprocedural error.
Hewas pulled tothe surface, when they should havegiven
him afew stops, which was rather tragic. But that death
killed the Swedish Navy’sinterest in deep diving. But it
was not the fault of the hydrogen.

TheUSN hascommissioned research on hydrogen. There
have been some rather horrendous explosions during this
research. Itisavery good diving gas and the difficulty is
how to useit safely. Inabout 1967 Comex did ahydrogen
dive. They went to about 200 feet on helium. The
hydrogen was stored outside the diving bell and there was
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alittleair lock outsidethediving bell. They went into that
little lock and switched gases when outside in the water.
That issafeand | think that isthe only safe way it can be
done. Otherwisethe hydrogen must at sometime get back
to the surface and be an explosion risk. Peter Bennett
would far rather use hydrogen instead of nitrogen and
helium as his diving gas but, needless to say, the hospital
will not allow him to do so. Although it is safe to use at
great depth, it isnot safeto haveit near the surface, sofar,
commercialy.

Question:

What arethe oxygen partial pressuresusedindeep diving?

Dr David Elliott

I will talk in fractions of an atmosphere. Y ou have not
muchmargintoplay withasfar asgasmixingisconcerned.
Y ou have got to keep the oxygen partial pressure between
0.21 and 0.6. Above 0.6 you are liable to get pulmonary
toxicity. Keeping it about 0.4 or 0.5 is about halfway
between the two. In fact it has been shown that man is
slightly physically more effective on 40% oxygen than he
ison 20%.

Question:

Inexperimental diving doyou haveto continually monitor
and adjust oxygen levels?

Dr David Elliott

Yes. This is a problem with very deep diving. You
virtually need a complete university department to do a
divelike Peter Bennett’'s. How are you going to translate
that into commerce for practical diving? That is my
problem.

Question:

How canyou havewet and dry compartmentsinahorizontal
chamber?

Dr David Elliott

One has two transparent vertical partitions, one from the
roof (A) and one from the floor (B). They overlap by a
coupleof feet. (Figure1). Water isput in the chamber on
the side of thefloor partition (B) that hasthe roof partition
(A) coming down. Once the water reaches between the
two partitionsthe pressure on the water surface at (C) will
stop water getting into therest of the chamber. Thenmore
water is added while gas is vented from the water filled
section. Then onehasawater filled section, inahorizontal
chamber, for diversto work in.
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FIGURE 1
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Question:

Is it very difficult to measure oxygen partial pressures
accurately. Dothey just work it out by theamount they are
adding to the chamber?

Dr David Elliott

No, itisal calibrated. The people who are doing it are
university physiologists. They aretalkingabout measuring
0.001% accurately. | seenoway at themoment that wecan
ever trand ate that to the offshore scene. However | think
there are alot of university things that we can convert for
practical purposes. You can convert achievements into
commercia diving operations. Helium is indeed very
expensive, and thisisthe reason why we are now having
these so-called push/pull systems, where the helium is
returnedeither tothebell or tothesurface, for re-processing.

There is no doubt that in man some of the respiratory
limitations which were thought to be mechanical, are in
fact a consequence of High Pressure Neurological
Syndrome. But basicaly, if | can giveyou agrossly over-
simplified hypothesis, here is an explanation. You can
imagine that the fatty tissues and the watery tissues of the
body compressat different rates. Thenat very great depths
the myelin sheath, on which conduction is dependant, is
actualy thinner, relative to the axon, than usual. As a
result, and | repeat that thisis grossly simplified, you get
awholestack of thingsdueto High Pressure Neurological
Syndrome. Inorder torestorethat neurilemmal layer toits
relatively correct thickness so that conduction can be
carried on asit was, you have to add an anaesthetic agent,
This acts by being fat soluble and expanding the

neurilemmal sheath. Theanaestheticagent whichyouadd
isin fact nitrogen, because nitrogen is an inert gas. The
mechanism of inert gas narcosisisthe sameasal cohol and
anaesthesia. Sowetry tofind abal ancebetweentheeffects
of helium and pressure which cause the neurilemmal
sheath to go thin and adding nitrogen as an anaesthetic
agent to re-expand it toitsnormal value. Itisamazing that
it works as well as it does. There are a few bits of the
syndrome which it does not manage to deal with. Weare
not sure what causes the ultimate problem, that of
convulsions.

If you produce alcohoal at great depth the effect of pressure
would, as it were, reverse the anaesthetic effects of the
alcohol so that the yeast would be more productive.
Although it does not work with drinking acohal, it does
work with some commercial acohols. Sofermentation at
pressure, and the pressurereversal of anaesthesia, wasone
of thethingsthat prompted Peter Bennett to writethe paper
in Undersea Biomedical Research in which he predicted
that of the percentages 5, 10, 15, 10% would be the right
theoretical percentage of nitrogen, which would exactly
balance out the effects of pressureat any depth. Thedepth
isindependent of theabsolute pressure, it isthe percentage
that counts.

Question:

Y ou may have observed somerather sleepy peoplearound
at varioustimesand | haveheardtheexpressionalongtime
ago describing an individua as being a “bubble-head”,
which was the diving equivalent of a punch drunk. Have
you any experience of thissort of person, other than those
you may have met locally and recently?

Dr David Elliott

Actually, your question is very important and it will lead
me off on arather long tangent if | am not careful. What
youarerealyimplyingis, aretherelongtermeffectsonthe
central nervous system from diving? This was a scare
which was created by a Hungarian worker, who was
looking at compressed air workers. Itwaswrittenupinlan
McCallum’s book “Compressed Air Work”. It has been
quite impossible ever to confirm in any other autopsy
material. He claimed to have found cystsin the brains of
compressed air workers and said it was all due to their
diving. But the very careful autopsy examinations of
compressed air workers in Britain and the United States,
completely failed to support that. There have been papers
written by a group from Galveston, Texas, in which they
claim to have done various psychometric tests and found
that afew diverswere deficient. We had John Hallenbeck
cometo a meeting in Luxembourg to give areview from
the point of view of neurologists with diving experience,
as to the likelihood of brain damage following diving.
Without going into the arguments his conclusion was that
onewould not expect permanent damageto bedoneto any
diver unlessitwasdueto untreated decompressionsickness.
That one does have to accept, but certainly not all these
other problems.



