



























































































































































are required. A minimal beam i onee more consldered and
with It a long working day in water no deeper than about
1 metres, In this case the cost |3 about E20 per horse-
power hour.

The technlgue of supplying the diver with mixed gases —
either oxy/nitrogen or oxy/hellum — from surface de-
mand diving equipment i well-known, and the advanioges
are, in general terms, incressed time on the bottom or
shorter decompression schedules compared with when
compreased alr is used.

At greater depths — say, down to 80 metres — a much
larger surface support team than in the earlier examples
will be required. The avetem demands & high stonderd of
operational procedure, reliability of equipment, advanced
diver training and something more than the minimal team.
Therefore a8 depth b incressed, conveniemfly short
decompression  schedules necessitate a reduction  in
bottom time: repetitive dives and more divers are required
for reasonable work outputs to be sustained. 1 am
assuming the bteam and equipment necessary to achieve
one hour’s bottom time per day for & number of bounce
dives Lo about B0 metres. The cost per horsepower hour
will be sbout E1,200, bul this is obviously greatly
influsnced by the exact system used. This is extramely
expensive in terms of horsepower hour, and no doubi &
more economical system could be devised, but 1 have
chosen to exaggerate yel remain within the bounds of
poasibility, in order to accentunte the point of this
example,

consldering bounce diving to 80 metres with a
botal boltom time of one hour per day, if one dispenses
with the 5.0.D.E, system and instead supplies the diver
with a fully mobile power souree Tor hiz hand tools via a
diver transport vehlcle with autonomous breathing equip-
ment, a dramatic change In the caleulations is possible. If
one asaumes exactly the same basic costs per day per
diving team and eguipment and an added cost of £47 per
day lor a diver transport vehicle which, by the way, allows
for a eapital cost of £10,000 amortized over about elght
years, and £2,000 per battery pack — with 50 cyeles life
in & battery pack of solar zing cells — then the cost per
horsepower hour can be reduced by a factor of sight on
the previous one, which produces a final figure of £150

The armoured diving sult provides a special and interest-
Ing case; the diver remnins af atmespheric pressure within
the suit, with the result that the equipment and team can
be deployed, and if necessary returned from the diving
site, very quickly. Little support equipment is requined
other than & means of raising and lowerlng the suit,
aglthough operations in water approaching its maximum
mied depth may well necessitate guidance systems to the
work site. The most interesting aspect of this system ks the
speed of deployment and possible rates of descent and
ascent with o decompresalon times, with the result that &
amall team can achieve a six-hour working day on the
botbom, and if one ssumes thak only diver power is
available, the cost would be about E300 per homepower
hour.

Saturation diving ks the most advanced, eomplex and
expensive diving &ystem In these examples. The great
range of costs for such systems s dependent on the depth
af o the amount of underwater work required
per day and hence, the size of the team. For this example
I have sssumed that the requirement i for a sustained
presence al the diving site — which could well be a
production platform in an offshore oil field — and
something appronching a round-the-clock diving schedule
in depths of about 260 metres. [ accept “round-the-clock™
a5 meaning about two two-hour sorties from the chamber
complex each day. I have also assumed that no powered
tools are being used and so we only have the power
putput of the divers themselves to consider. In this cae, a
cost of about £2,000 per horsepower hour would be the
average. It could obviously be considerably more; it could
alsn be considerably less.

A diver lock-out submersible provides a unique feature
to diving operntions: Only in this case can the diving
supervisor, stand-by diver and working diver be within a
fow [eot of each ofther during & deep dive. The diving
conteol centre is on the botlom In a submersible and, with
a good diver to supervise communications, work plans can
be modified during the dive and the system becomes very
fexible, The diver can be moved from site to site quickly
and easily, but the greatest advantuge is that power is
available where It is required, One can assume that at least
half the energy in the submersible’s hatteries is available
far useful work, certainly in depths equivalent Lo those in
the previous example — about 280 metres — and, theoreli-
eally, to the maximum operating depth of the submersible
which Iz about 366 metres. The submersible can there-
fore perform work at a much higher rate than even the
divers supplied with power tools. Ideally, if two divers
work together from a Perry PC16 diver combination
making one sortle per day there would be a total of about
30 horsepower hours on demand. At current quoted
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charter rates this produces a figure of about £128 per
homepower hour.

With the submersible alone divers are nol involved and,
although this makes an exception Lo the general theme of
this paper, it is justified because, without divers — as with
the armoured diving suits — the physlological problems
are removed, and even greater flexibility of operation is
achieved. If we consider the Piscos [, 11 and 101 family of
submersibles, with depth ranges down to 1097 metres and
28 horsepower hours of stored energy available for work
and an equal gquantity for propulsion, manoeuvering and
hotel load, at £122 per horsepower hour, the cost (s less
than for a diver lockout submeraible syatem,

In conclusion, one must remember that the purpose of
this necessarily brief review of diving and submersible cost
effectiveness is only to consider the price paid for

r hours of work at the site on the seabed. It can
be seen that with the more sophisticated or heavy systoms
the area over which the diver can work is uwsually quite
limited, either by considerations of safety or tolerable
umbilical length, whereas, due to the simplicity of the
system, the free aqualung diver can move sbout at will
and in safety, as long as he remains in shallow waler,

Using a diver transport vehicle inereases the bottom area
over which a diver ean move; the armoured diving sult can

be walked sround a work site, but if even relatively short
distances need to be covered it i probably more
economical to move the parent craft and to re-deploy the
suit. The submersibles have far greater range, but it is
assumed that they would move nuil'l:rthmﬁumthe parent
craft than the limit of their underwater communications
syitem, which is up to 2,000 metres,

Lastly, although it has been shown that submersible
ystems are very cost effective In terms of power output,
there are other equally important factors to consider if an
appropriate system is to be chosen for a particular task.
The dexterity of the diver is of great value, as was shown
in the film that Henti Delauze showed you yesterday:
obviously the diver was moving around in & very restricted
area, cimbing around on a B.0.P. stack, inserting himsell
in eonfined spaces and using his hands; examining closely
o relatively insccessible Lask, Thus, it i5 evident feom the
great variety of types of work and the differences in
conditions surrounding these lasks, that every system ao
far successfully developed will continue to be needed.
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Mike Burrow is Engineering Director of DHE Consfruction Limiled — the Atmospheric
Diving Suit Company = and Managing Director of Underwater and Marine Equipment
Limited {UMEL), which develops underwaber apparatus for Government and Industry,

He hos been eoncerned with underwater work for over 20 vears, and has specialized in
the development of survival and escape gear, commercial diving, self-propelled and towed
manned vehicles, underwater habitats and oceanographle Instrumentation.

His work in the early days and his support of ofganisations such as the Sociely for
Underwater Techrology place him in the ranks of the pioneers in the underwater feld.

Durng the last 30 wyears, sell-coniained underwater
breathing apparatus has opened up & new dimension in
underwater work: instead of the two-dimensional world
of the surfacesupplied diver, today’s diver = free of
surface ond seabed tbes generally, and has wentured into
the third dimension of mid-water. But how free 5 the
commercial diver? He seldom works in mid-water and, In
moat cases, he is still dependent om the umbilical for
survival, gas, warmth, communication and safety, Instead
of diving from the surface he works out of a chamber, He
cannod ba free of the physiological problems of a complex
decompression sysbem, and he con never be free, however
skilled and efficlent he or his back-up may be, of that
little bit of fear.

One cannot expect & man bo work efficiently underwater
if he has to expend a large proportion of his physical and
menkal powers purely on survival so, what we have {ried
to do s to “free” the working diver of these problems by
filling the gap between the submersible wehicle and the
ambient diver. Into this slot fits the atmospheric diving
suit (the ADS), and our brand name for this suit s JIM.

It was decided that although the ultimate form of ADS
was & sulit that a man could wear, our first altempt should
be to design a manipulator in which a man could work, a
concept which has not changed during the past 250 years;
the basle requirement is still that you protect the man
from external pressure and allow him to use his arms and
legs. In other words, an inside-out space sull.

By the mid-1330% several designs hed been tried
underwater, bul only three types had been used for any
real deep diving and, of these, two were restricted by a
stiffening of the articulated jolnts at depth and by trim
and stability complications. There are one ot bwo of these
suits still in unse today, but mainly as observation
chambers. The third type, the Peress suit, arrived a little
too late on the seene and althoogh by 1937 the British
Mavy had conducted satisfactory friaks with it, they
decided that their diving requirements coold be met by
atandard eguipment; from thot date it was decided that
diving was to be a physiologleal and not an engineering
problem.

During our preliminary research into the history of
atmospheric diving suits it became apparent that this
Peress suit, with its unigoe hydraulic joint affording no
metal-to-metal contact, had gone a long way to
overcoming the main problem of joint stiffening and
seizing up at depth.

By a seties of coincidences, all within a week, we made
contact with Mr. Peress and were lucky enough to obtain
the original sult which had been dived to S00-0dd feet in
Loch Mess and which, with Jim Jarrett, had found the
Lysifanio, After twe or three months of boiling in paint
remover, we managed to gel il working again, In fact it
was in marvellous condition: the bottles even had oxygen
in them and the seals were perfect.

Working with this and with blo-astronsutical data from

the Roval Alreraft Establishment, we were able to design
a configuration that was acceptable to the 99 percentile
man. The original joints were tested in our pressure pots
anedl this reauited in a pew upside-down, inside-out, abouk-
face joint, which overcame the inherent problems of
artleulation under higher water pressure differanticis.

Vigibility: The prime requirement for working = good
visibility from the suit and although, as with like sub-
mersibles or ambient divers, we cannot do much about
bad water visibility, turbid conditions can certainly be
improved by intelligent lighting, clear-view containers,
image intensifiers and perhaps very high definition sonar.
JIM, s he is at the moment, cannot see his feel —
standard divers seldom bother to look and divers with fins
do not have to — duriog initial tank Lrals we fitted him
with a foot-viewing mirror, but thiz has sipce boen
discarded.

JIM connot gt his hands wery elode to his face and
although we have had no difficulty so far with working of
small complex tasks in turbld water, we are experimenting
with various types of attached lighling units. We are also

JIM daring trisls from M85 Reclaim
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looking Into the use of “finger tip eveballs” — colierent
fibre optic bundles mounted on the hands, and a emall
work area illuminated by a light guide combined with the
coherent bundle. This is viewed by the aperator through a
maonocalar and, to a certain extent, helps to overcome the
lack of touch and feedback that k Inherent with
manipulators. The visibility problem k& rather akin to the
one of working in & current; JIM is essentially & deep
diving animal and, luckily, In the depths at which he
pays-off, the visibility I8 normally at 8 workable level,
Mormal vision throogh the prosent four ports in the 1id is
excellent and the operator very soon gets used to any
aberration cansed by the curvature of the Plexiplass,

Mobility: The suit has proved to be extremely mobile
over the sen beds so far-worked: gradients of sbout 30°
have been climbed and quick descents of such slopes
undertaken, normally by a form of abseiling. Although
few speed triais have been done, a sustnined walking speed
of well over & knot seems possible on a reasonable sen bed.

After hilarious experiments, JIM has climbed ladders and
has found It possible to bang on to & rung by his toes and
to lean back into the near horizontal; it is actually
possible to walk sideways along a tight rope leaning either
way in the near horizontal! But, an obvious disadvantage
in comparlson with the standord, helmeted diver ks JIM's
inability to spindle up and take a leap over an object,
however, this is being overcome in the short-term by using
inflatable back-pack nserts. One does not fall over in the
suit and fail around on the boltom; the operator lles on
his face or back snd gets up again by basic pelvic
movements within the suit, but infact the only way that
he could fall over would be if the operator fell asleep in
the suit, in which case, he would gradually topple over —
forwards, most probably,

The froe sscent rate, accomplished by dumping either
the front or back 1000bs. welghts, is 1000, a n inute, With
half or all the ballast gone, the floatation attitude on the
surface i exlremely good, in fact we have oven seon one
of the operators doing the breast siroke!

Drexterity: An inexperienced operator wing the suit for
the firsl time will undoubtedly soon realise that he is
wearing o submersible and pot a diving suit, but after a
couple of hours most operators are completely moblle and
readv to try manual tasks.

Under the heading of “manipulator™ we group the units
that go together to form the ability to.carry out a manual
task. 5o far we have designed three basic types of
manipulator or prime mover: a pretty fair fascimile of a
human hand, with a swinging thumb; various types of
straight-forward pincer, and a rolating shaft. On to these
prime movers, one can quickly attsch virtually any tool or
adaptor by means of 8 bayonet clip. It is very essy to
make. up these adaplors out of old gas pipes, with a
hacksaw, vice and welding torch; In aother words, we end
up belng blacksmiths!

During the summer we have had two of the ADS
working together doing moderately heavy engineering
work — moving pipe flanges around, and lifting bolts
welghing in the region of 70/80lbs., and nuts weighing
about 20lbs., and placing them with great accuracy Into
the plpe flanges. We have gone back to the age-old syvstem
of using a goat's bladder or goatskin ax a lifting bag, with a
rather neat Hitle control sysiem: one JIM stands off with
the control system in his hand, pulling the lever up to
make the bag sscend, and down to make it descend.
Making up various sets of tongs has proved very useful, in
Faet one JIM has hooked & bag on to another JIM, blown
him up and pushed him over the pipeline and fet him
down again.

Propulsion: It was pever intended that JIM should play
the roll of a horfzontally roving submersible, and
obvlously it would be wrong to deploy him in a pipeline
or boltom surveying role. However, there do not appear
to be any diffleulties In deploying him & 8 passenger
riding side-saddle or astride a submersible, either dry or
wet. | supposa we will one day arrive at the ultimate of
the completely free-roving sutonomous submarine —
submersible vehlele — st perhaps 1000/ 15004t and of
crulsing arcund doedng pipeline supreys in sections; nokb
refying on surface support, and remaining at sea for two
or three weeks on end. Here, I think, JIM would come
into ita own inasmuch as we could use lock-in and lock-off
syiloms — and we would not need very large lock-out
systems either: the ADE might be fitted with an adaptor
ring which would allow just the lid section to be locked
on, the lock then being just large encugh to take the
opemned Hd.

The use of wet submersibles is atiractive; they might
carey two JIMs at 8 survey speed over the ssabed and the
capital expenditure would certminly be leza than that of a
pressurised submersible with a complex manipulator. This
type of wehicle, or even a8 bethy-buggy, could aci &
transport and workbase for JIM, bul for individusl
propulsion one immediately thinks of a form of rocket
belt enabling & degree of vertical opemation.

Hovering over the owners of large off-shore platforms =
the problem of perodie hepeetion of the underwater
structures the complexity of which, with numbers of
cross-members and braces, could prove difficult for divers
on umbilbcals, or for remote-controlled vehicles with
cables. However, an adapted version of JIM that ia capable
of inspection dnd non-destructlve testing eould be
developed, perhaps along the lines of a magnelic trackion
unit allowing the ADS to traverse horizontal or vertical
members in any attitwde.

Into all these activities creep the weak links of
navigalion, eommunication and location, But, hoving put
man beck into & more natural state within the ADS — at
atmospheric pressure, warm and without the physiologieal
and paychological stress — he will be able to give that little
extra effort to looking after the operation of navigation,
Iocation and communication instruments integrated in the
suit.

We have experienced the same problems with navigation
and location underwater as did the standard diver when
working some way from his shot rope, or as divers now
working from chambers. 5o far trisls made with a single
tranaponder  sysbem — by putting down & datum
transponder on the seabed and another on JIM, and by
trucking the two together using a digital sonar — have
worked out extremaly well,

OF course there are plenty of ways in which we could
improve the instrumentation presentation: by using a
form of head-up system, as they do in aircraft, with which
one could project & micro-fllm of work sites and,
eventually, an up-dated system with which JIM is told
exactly where he is on the bottom relative to the datum
point or work site,

At the moment we are using o very light and flexible
telephone cable, bul although we are not psychologieally
guite ready for the idea of complete autonomy, we will
certainly rid ourselves of this cable eventually. Of course,
if we want three-way open communleations, as we have
now between diver-diver-surfsce, we will have to pursue
the idea of the multi-frequency scoustic syatem.

The Future; We do pot visualise any radical changes in
the deep diving ADS, but in the future he will certainly
have & persopal propulsion unit. At the moment we
achieve vorinbde buoyaney conlrol with an inflatable
system. but we could well end up with something like a




magnetic trection chest pack which would allow the soit
to amume any atfitude, and of course we have thought
along the lines of a rocket belt.

JIM could have a third arn with a grazper, and might
even have four legs/two operators, and look rather Jike &
pantomine horse = il mally does not matter s long Bs it
cin do the job, But we will have to put in a
“get-you-up-and-keep-you-afloat”™  system, with an
inflatable annulus, acoustic and radio bepcons — rather
like the space capsule recovery system.

Mike Hamphrey — Designer of JIM — ten minates after

having been 4o 1004 Fr. A world record dive in an
almospheric diving saii.

Apart from emergency requirements — deep salvage, Tor
instanee — there ls no Immediate commercial need for
diving deeper than 1,500ft. This limit could be extended
over the next few years, but much more experience of
struetures in exbeting water depths has to be gained before
this becomes o commercial off-shore working depth. It
really now becomes a guestlon, not of how deep man will
be able to work, but of how deep he will be requirved to
waork.

The most encouraging thing about atmospheric diving is
that although the sult and itz fittings might grow in
complexity to meet increases in depth and duration, the
basic system will not become more bulky or welghty, as
does the equipment needed to back-up ambient diving,
nor will the cost ineresze disproportionately. One also has
the consolation thalt physiological problems do noi
escalate s the ADS goes deeper for longer spells of work.

At the moment our experiments with joints lead us to
beliwve that there BB po design limitation as to depth,
However, finding suitable materials will b the problem in
future, and we will bave to look very hard 8t composites,
plloys, ceromics snd things like that. The problems
remaining are healthy engineering ones which, it is to be
hoped, will be overcome by Ingenuoity, good enginesring
practice and seamanship.

Since this repor! was presenled, five operalors af the
Admiralty Underwaler Weapons Exleblishment, Portland,
have dived to 10007

Mie Flemming: I would like to comment on Mike's
slaterment that It takes two hours to become proficient
with JIM: [ saw a very large geologist climb into JIM for
the Orst time in the tank and within a few minutes he was
able to move around without being too clumay; he had

difficulty in picking up a out and bolt from the foor, but
he got the basic feel of it very quickly.

Now, do we have any questions from the floor for Dick
Tuson snd Mike Borrow?

Question ime

Queztion: [ would ke to ash Dr, Flempming o expand
on ks commend thet decompression mebres are unreliohie
on multiple dives,

Nie Flemming: Obviously, [ cannot guote specific
instruments without gelting inlo trouble, but the simple
fact is that we do nol have 8 completely reliable theory of
multiple decompression with a completely reliable
formula that can earry over the lopding from one dive to
the next. It stands o reason, therefore, that we cannot
make & machine that gives us a reliable formula unless it
were capable of monitoring the diver himsslf.

Questioner agmin: Bul for multiple diving n (ndustry
don't they use decompression mefers thel work on
amplrical dataf

Wie Flemming: 1 dont want o get involved in
mathematics but the slmple fact is that however much
empirical data is available, you con still go wrong: we
don't have the right formula, so the meters must work on
approximations — all of which will work for some areas
with some types of divers and pive dangerous answers in
others.

Queslion: Regarding the gquestion of moniforing the
divers  blood condilion  divectly  lo  determine
decomproasion. is there any techilgie for Meosuring, say,
the 00y condent?

Mie Flemming: There are some experts In the sudience
who can tell you how pear this is o beeoming posible,
perhaps by messuring heart rates, or by irying to detect
Lubbles accoustically, and 20 omn. | suggest you talk to Dr.
Val Hempleman, as this is definitely not my field,
Gueslioee, Lhr, Flemming, | am rather concerned by the
impression you gowe thal wone of the devices currently
avaieble {o divers can glee an eoourale representalion of
the decompression stole af the diver — wiilch pay, fo
great exlent, be frue — amd that the diver should rof
therefore use any decompression meler, bul should simply
rely on hoping that ke will be OK, If, bosed on everyihing
wy koo about decompression, we coi produce o eimple
depice thal can give us 95-98 per cent safecly, then, sierely,
thix is one hell of a lol beller than nothing. T think thie
wae ol pressed home sufficlently, ond I ueild appreciote
Four plabanmlion.

Mie Flemming: This is a good point, but remember that
[ was talking about 20-25 vears hence. Yes, of course the
decompression meters that are being developed are very
Ingenicus, and the best theories are being put into them
but, nevertholess, they can be baflfled by certain sequences
of repetitive diving into giving an answer that deparis
significantly from sccepted Tables. From what | know, |
feel that the area of multiple dive schedules is still largely
obseure and should be treated cautiously. Certainly, the
diver should not just hope that he s OK.; he should
always work to the published decompression Tables and
published repeat dive Tables, which are much safer than
decompresalon meters,
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escape from sinking aireraft.

Surg. Comdr. John Rawlins, O.B.E., M.A., R.N.

Surgeon-Commodore John Rawlins is Director of Health and Reseprch (Maval )
In 1956 he was awarded the MBE for his work on protective helmets while with the
RAF Institute of Aviation Medicine and In the same vear began work on the problem af

In 19671 he was awarded ihe OBE for this work which culminated in the intraduetion
into Royal Mavy aireraft of an automatic underwater eacape avalem.
years ago he was awarded the Gilbert Blane "ri!J
Surgeons for his work on the problem of cold in diving.

edal of the Howyal College of

Man in The Deep-PartII

It was a great honour bo be invited to Chair a panel of
such distinguished and inbernationally recognised diving
physiologists and 1 accepted without hesitation, The task
of Chairtan is not an operous one; it has been likenad to
that of a procurer, namely to introduce the parties, see Lo
the areangerments and then take no further part in the
aclion, But when [ received a programme just pecently [
saw to my alarm that | was also billed to introduce this
session on Man in the Deep with a talk on “The Survival
of Man in the Extremes™.

Survival conjures up a picture of & man marconed on &
desert island, or adrift in a small boat, or loat in the Arctic
waske; it i3 the business of staying alive after the
equipment or the organization has falled. Buf, in deep
diving, when there B a failure of either the man, his
egquipment, or organization, his survival is limited fo a
matter of minutes at the oulside and herdly forms &
subject for a 1b-mimute presentation. Indeed, the whole
business of diving, whether shallow or deep, I8 of avoiding
the survival situation.

Ag for embracing the presentations of the other
speakers! how do vou bring together Swallowable Radio
Transmitters (a somewhat uneuphonious term) and How
to Dive to 2,000ft. and Return Within the Hour? It is
impassible. 3o, in the face of these imponderables 1
propose to look at some of the stress-producing problems
of deep diving; to consider their interactions amd their
physiological implications, and then to give some thought
to the way ahead.

Orwing o the success of the United Stabtes Navy in
planning working dives bo 1,000f,, I think we are all
confident that in the future we should be able to dive
within the whole reglon of the Continental Shell; but the
problems of deep diving are basically those of the first G0
or 100ft.: of pressure, respiratory gases, temperature,
vigibility, psychological slress.

First of all, let 1w look alb the effects of pressure. We
know from observation from deep submersibles that guite
complex creptures exiat in the very depths of the ocean
and this would indicale thal presssire doss nol have too
much effect on biological cells, apd 1 doubt very much
that the offect on mammalion and human eells differs
greatly from that of other biological species. But pressure
la  important  when conskdering  oreatures  with
gas-containing covitbes, such as man, diving mammals, and
indeed fich with swim bladders, because then you get
volume changes and the appearance of pressure
differentials and physical changes in gases themselves,
which brings me to the subject of resplratory gases,

Az wou all know, pressure affects the behaviour of the
resplratory gases as far & the physiology ls concermed, ao
thal oxygen beeomes Loxic & we gol deeper, and nitrogen
narcosis may be detected at depths ss shallow as GOt
and by sbout 3000t most of us are rendered Incompetent
either physically and/or mentally, Carbon dioxide under
pressure does not in itself affect ws physiclogically, but
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since the significant partisl pressure of carbon dicwide
remaing the same, when ope is diving al greal depths and
using large volumes of gas, the significant proportion of
carbon dioxide i3 very small and therelore exiremely
difficult to eliminate, which we have often found to our
cost. | might add that pressuge increases the density of a
gas =0 thatal 600t a heliumoxygen mixture is foor times
a5 dense a5 air ot the surface, and this doubles the airway
resistance which, in tum, increases the effort of breathing,
increases oxygen consumplion and depletes our oxygen
TESETVES,

Visbility at 1,000£t, is wsually zero, but then we can get
zero visibility In shallow water where there Is much
suspended matter — for example, in a harbour like
Portsmouth, or a fooded coal mine — and visibility
contributes very largely to psychological stres. However,
the human physiology is a flexible one and is capable of
adaptatlon and acclimatlsation, and B reEponsive to
tralning. For example, one can work very efficiently in
conditions of zero visibility, probably the most classic
case being that of the diver Walker who, over a period of
five years, worked n nil visibility beneath the foundations
of Winghester Cathedral and to whom that edifice
probably owes more than to anyone else,

Temperature af 1,000t is prelty constant at belween
two and four degress Centigrade, say 26/40 degrees
Fahrenheit. The reason [ want fo talk about temperature
g, partly because it & my personal interest, partly because
it illusirates very well the interactlon between different
probleme of depth, and partly & an example of the
hazamis that are superimposed on man at depth because of
his diving system — it does not have an effect &2 such on
diving mammals.

Ax p response to cold, shivering ks significant to my walk
because it has a metabolic cost; it s the primary method
of thermogenesis in o humen and it costs oxygen,
increases carbon dioxide output and Increases ventilation.
It Is aigmificant in the case of the Ama who dives naked
throughout the summer to depths of between 60 and
BOft. She demonsteates remarkable physiological
adapiation to cold: she can tolerate & lower skin
temperature than you or [ without shivering, Bhe can also
tolerate a lower deep body temperature; this is very
important bocause if she were to shiver she would lose her
vital oxygen supply and so shorten her breath-hold dive.
Indeed, in the winter she pays some lip-service bo
insulation by wearing an all-enveloping cotton garment
which, by trapping & layer of water somewhere near the
skin, may have some effect, but & not an efficient method
of Insulation.

However, insulation at its best won't get us very fae. In
an altempt to find out whether by Insulation alope one
can prevent heat loss, a man wore a total of oneg inch
thicknesses of foam neoprene, and was unoble to maintain
his deep body temperature in 40°F water. One has to do
somathing more; one has to add heat to replace that
which has been lost: either by an elecirically heated




undersuit, by & closed-clreuit warm water circulating suit
slimilar fo the cold water cooling suit used by astronauts,
of by using the free-flogding warm water suit now largely
used by commerclal divers, and avallable off-ihe-shelf,

However, 22 vou all know, deep diving requires &
helium/oxygen aimosphere, and helium has six times the
thermal conduetivity and six times the heal capaeity of
air, Thermal conductivity is not affected by pressure, but
density is, and hence heat transfer. Mow, [ have already
said that at 6000, the density of a helium/oxygen mixbure
ks four times that of air at the surface; at 1,000ft. or 40°F,
the incresse in density and the thermal properibes of the
pases ralses the eonveetive conductanes from the skin =
that ig, the way in which the surface loses heat to o gas —
bo aboul 20 times that of air at the surface. These facts not
ofly dictate that the stmosphere in & submerged habitat,
FT'C, lockout chamber or submersible, must approximate
that of the preferred mean skin temperature of 93°F, it
also means that althouph the diver in water may be
wearing an efficient heated sult, he will atill lose heat
steadily unlese his gas supply Iz zlso heated. During
experiments In the U.E.A. one of our sublects breathing
43°F oxyhelium sl BEOME, lost 3'F deep body
temperature in two hours, and that is very serlous.
Another subject produced such & coplous flow of
secretion from his upper resplratory tract that he had to
apit out his mouthpiece, and in an actual dive this would
of eoursas have proved fatal,

For man fo operate at great depth it is essentisl to
heat both the skin and the gas supply, bul this ecessary
equipment adds b the diver’s load. How deep is a man
going to be able to work effectively ss his eguipment
becomes incressingly complex? Man functlions best in an
optimum environment, which is why we have centeally
heated, pressurised sivcraft  and, Bome of us,
gir-condifioned cars. 1 believe that in order bo exploit the
depths, man will peed &0 take his environment with him in
the form of sophisticated asubmersibles with great
mEAnoeavEsthiliky, mﬁgu[lml a-fﬁi:iem:}r, m:.,uipulnt.i'u'e
skill and strength.

Ama diving for shalome — suwmmer,
Phisto: Pral. Suk Ki Hong

Miaximal insubstion. Diver weating 4 % %in,
framed neoprens wel-suits was unzbie to
mgintxin his hody temperature in water af
470, (The wires ane kade 10 skin thermo-
coaplasl
Fhoto: ULS. Mav, Med. Res. [nsi.

I give wou thiz thooght: Man schieves his greatest
domination owver Nalupe when he uwses his Ingenuity to
design and build machines. Man has long shown that he
has the strength to move mountaing — although not
always the faith. Bulldowers have proved a great substitute
for the sweat of man's brow, and they are a good deal
easier to come by than Falth . . .

Ama, winter dmess, (The batile om ber back &5 for taking back
smplosl,
Fhoto: Prof. Suk Ki Hong

Clased clrewdn wamm-water hesred undersuls,
Phaorta: Mav. Med, Res. Inst.
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He holds, or has held, consulting contracts with the IS Navy, Oceans Syelems Ine,, the
Cangdian Government, Foundation-Comex Lid., Perry Ocegnogrophics the Smithsonion
Ingtilule and Oeeansering Tnternational Tne,

Under Arcticice

Thank you Mr, Chairman; I must say [ enjoyed wour
impassioned speech. More especially becanse you have
now sodved one of our eritical life support problems in the
Arctie. [t seema to me that our next trip should inelode at
lepst & dozen of those lovely Ama divers, Certainly their
companlonship would do much to ameliorate the
pust-dive shivering that ocours!

It iz a great pleasure for me b0 come across the ocedn
that separates my country from yours. As a rather
neophite Arctic explorer [ feel as though I'm coming
home — pot, I hasten to add, becanse of the weather, but
because o great deal of the early northern exploration in
my eountry was done by people from this small island. As
a matter of fact, the search for the fabled Morth Wast
Passage to the Pole was conducted from many small ships
with origins on your coast. In o few days time | am going
to the Seott Polar Research Instifute In Cambridge to talk
about Polar explomtion. It is the fnest instibule of ils
kind in-the world.

Today, | would like to tell you & ntte about our work in
the high Arctic. First of all, | want to tell you why we go
to this ungodly, inhospitable place. Then I would like to
take you on a bour of our last expedition in Resolube Bay,
where we constructed the world's first ondersea polar
stakion.

If we were to go and take a bird's eye view of the globe
we would find that on both ends of it there is damned
cold water! [ am from a country which has a good portion
of it — we have a milllon square miles of cold water in the
northern part of Canada, stretching from Hudson Bay,
right up to Alert, only 450 miles from the Morth Pole.
Our expeditions bave gone to the base of this porthern
group of islands. Why do we go there, and what do we
so0?

I will start with the last fist. We se¢ an unusual
collectlon of animals. Little §s kmown sbout their
underwater behaviour; most of them have not revealed
any of those secreis to us, We also see an incredibly
Inhospitable country. It must indeed be the most
imhospitable part of the planel, because when you
combine the difficulty of operating in this endles horizon
of ice and snow with the problems of operating in cold
waler, the combinatlon of the two ks a hostlle package
which cannot be found anywhere elee. We go because it is
one of the grestest technological challenges of our time,

On our first expedition in 1970, we put o camp site on
the shore of Resolute Bay, 800 miles north of the Arctic
Elrn:le;,a temperature about what you have here these days:
45/50°F and about 28/30°F In the water. There were
only Four of us then, We were inlerested in making
preliminary surveys of Arclic marine biology and gealogy,
and of course we documented everything, feeling that
nobody would really believe what we had seen or what we
had Lo sy,

Biologically, we saw an impresive amount of life for the
remoteness of the site, and were very taken with the lce
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above us which had unosusl characteristics — flutings that
had been ereated by wind and the sea; and a sharpness
that counld tear a suit.

We retumed again in the following year. It was a very
cold trip: the sun was at the peak of ils low elimb In
February. We experlenced temperstures on land of 50°
below zero. We found thaot to get into the water we had to
cut a hole through six fest of lee. Onee this was done, we
established o small shed over the hole and commenced 10
days of activity. Apain, we were interested in humanm
performanee, squipment performance, & survey of marine
blology and marine geology,

Going to work down the ladder, we wore an
extracrdinary amount of weight — BDlbe. — the first
251bs. to get us down and the second 26ibs, to overcome
our reluctanee! It was mighty dark down there, but even
with the low level of the sun on the harizon, an meredible
amount of amblent light came through the ice. les having
roughly the same bransmission characteratics as waker, it
ie the snow on the surface that makes it dark. We carvied a
lot of hand lights, saw some wild and strange things, and
made incredible recordings of the sounds of the Arctle
sea. Although I am not a biologist, I certainty understand
now why some of you have become blologists: i€ ks a
fascinating pursuit, especially in this remote spot where
wir found so much e

I em going to inbernupt the Now of my talk by telling
you & little about another reason for my extrefme inlerest
in the Arctie, I am very sympathetic with some of the
views that we heard yesterdsy and today sbout the
preservation of the sea, and aboul the assthetic qualitles
ol the sea. | selected the Arctic because it is, in n sense,
our last wide-open frontier in the ocean. We have come Lo
appreciate the kind of life that walts for us in the Arctic
and to realise that we have a perhaps a final chanee to
preserve one of the lost open dcean areas.

Last March we used helicopters to fy biologists, and bwo
of us who were diving, out over the ses to look for the




Bowhead and Belugs whales, in Alaska, High above the ice
we could look down and see the ‘open leads’ between the
new and old lee. We could see ebder ducks and bearded
seals and we knew we were looking of a part of the world
about which man knows very little. Thirty miles offshore
we saw our fimt whales — magnificent, white, Belugss
204¢, long, weighing 1,000/2000lbs. and just elegant in
the water.

Omne =ad thing about man's activity In the Polar Sea is
that in the 300 years prior to 1914, the gant Greenland
whale was almost eliminated. However, we saw them from
the helicopter as they made their northern migration:
B01t. long, the st third of which s all mouth, the size of
n small gorage. By an extracrdinary circumstance, 1 was In
the plankton-laden water with a group of White whales
when one of these big ones came by; it was like waking up
in a bed and looking over and seelng a black asphalt tennis
oourt next to ypou.

To pet back to the technological ressons for going to the
Arctle, let us come up to November 1972 when we stood
ot an airport in Southern Conada with an Hercules ready
to fly 30,000(bs. of gear to Resolute Bay. (I would just
like to mention here that all this work is dope through a
non-profit research foundation which was established in
19649, There iz no direct government funding, but we have
been provided with exeellent logistics, and a great many
have loaned us equipment for evalustion, The expedition
wns mounted on small funds and a lof of energy and
support from a lot of peopla).

We built a small jice camp, sgain on the surface of
Resolute Bay, but this time it was in Movember and there
was no sun at all. The temperature was 35°F balow zero,
and there wa: about three or four feet of lee. Agsin, our
interests  were in exploring the operalional, logistic
problems of seientific diving in the far north. To support
this we buollt & small manned statlon: Subigloo.

The idea behind Bubigloo was o provide a small safely
mfuge that offered maximom visibility, did not require a
lot of equipment, and which could be bullt by divers for
Polar diving. We built, and tested Subigloo several Limes in
Southern Canada; it comes apart like a large Meccano set,
the two hemi-spheres eeparating at the eguator and
cradling into each other. This makes it possible to
teansport It I an alreraft. Onee the ballast has besn

emplaced on the ocean floor, we can build Sublgloo in a
matter of hoors.

As for a5 possible, we want to avoid any brouble while
working under the lee so, on our first expedition, apart
from keeping our diving to a modest 40ft. maximum
depth (we plan to work desper on  subsequent
expeditiong), we established four portable refuge
telephone booths — “Sea-Shells” — in the general area
where we were working: they weigh only b6ibs. withoul
ballast, and con easily be rodled into the 4 x 4ft. holes that
we cut in the ice. -

We also took with ws 8 completely self-contained
clogedpireuit television, and  recorded our work
underwater. Since we were analysing human performance,
Dy, Berger Anderson studied us at work in constnicting
the habitat.

The expedition's findings are belng published in a series
of technical volumes. So Far, we have produced about 500
poges on subjects including physiclogy, biclogy and
geclogy. We realise that we have, literally, just scratched
the surface of the ice: there i5 so much to leam in this
part of the world. It is also an aesthetic experience, One
cannot back away from the fact that we are looking
straight down the throat of raw adventurne.

The Arctic, as you probabiy know, has a very delicately
balanced eco-system. Any pollution stress imposed on this
ineredible ocean has far-reaching and long-reaching
conspquences, There are some estimates of tens of
millions of barrels of oil in the Arctic islands and we Enow
that we are astride a double-edged sword: an oll spill in
the Arctic Oeean could be a disaster,

There is & lot to learn and we have only just beguh. We
have to etudy the whole constellation of eguipment
performance and human performance, and Lo synthesise
these findings In such & way that when we finally walk on
those continental shelves, we don’t trample, but tread
very carefully.

John Rawlins: Thank wyou Joe Macinnis for a superb
presentation, beautiful pietures, and delightfol delivery.

We mow continue this Besion with a report by Dr,
Stwart MacKay. Joe was saying that he wishes he were 8
biologist; Stuart MacKay is a Professor of Biodogy and a
Professor of Burgery, which must be a unigue
combination.

Stockholm and Caliro.

Dr. Stuart MacKay

Dr. R. Stuwart Mackay has held professorships in the healih, physical and biological
sciences ot the Univemity of Californiz at Berkeley, and at San Franeisco, Boston
University snd Boston University Medical School, and Visiting Professorships at

He huos also been a member of two committess of the USA National Ressarch Council
and was Senior Beientist on the Galppagos Lnternational Scientific Project.

Presently, he is Professor of Biology and Professor of Surgery (Medical Engineering ). He
has dived throughout the world,

Ultrasonics and the diver

I am golng to talk about various systems for monitoring
the diver and other anlmals. Really, this will divide itself
into bwo parls: wing ullrasonic methods, and some of the
technigues involved in using rmdio transmitters.

First of all I am going to show wou the bubbles of
decompression sickness. How am [ going to do this? The
answer b — by using sound waves. In & system similar to
sohar or echo ranging, 8 “elick™ sound 1s sent out, for
expmple, Lo the neek, Here these sound waves propogate
themselves and from the various interfaces the echoes

return, are pleked up and displayed as & cross-section on a
tedevision seveen, By this process of “elicking™ the scan a
complete image of the neck is builk up: the spinal fract,
vocal cords, various veins and arteries. It looks rather like
a person who has been guillotined. (Ineldentally, the
frequency of the sound waves that are used to build up
such an image is more or less the same & the dolphins use
in their sonar system so, perhaps this is sctually the
impression & dolphin has of us).

An interface between a solid and a gas s an excellent
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reflector of sound waves and it therefore follows that we
can quite easily observe decompression bubbles, even as
small as 1 micron (one thousandth of a millimetre). We
can look at them; watch where they form; measure their
size as they grow and collapse, and influence their size by
controlling the ambient pressure. We can actually control
the ascent of a subject subjected to high pressure by
ultrasonic observation alone, without any recourse to a
Table. We have demonstrated this.

Dr. MacKay then presented a short film on ultrasonic
equipment, and continued as follows.

There are several things that can now be said:
First of all, there is no question that there really are
bubbles involved in decompression sickness and,
furthermore, there are such things as “silent” bubbles;
you can see them. (Ref: Aerospace Medicine, Vol.45,
pages 473-478, May 1974). We can also confirm that
bubbles do form first in the blood in fatty tissue. I might
add one interesting point: I am quite certain that these
intensities and frequencies of sound waves have no
influence on the formation of bubbles, but I am equally
convinced that a decompressing diver suddenly hit with an
intense low frequency sonar beam could immediately be
subjected to the bends. It would be a nice little
experiment to try sometime! Let me reiterate this by
giving the example of a leg — an interesting spot because it
contains such a variety of tissue types: fat, muscle, blood,
bone, ete. If one looks into the leg — and one does not
necessarily have to have a scanning device to be able to do
this, an ultrasonic transducer with a fan-shaped beam that
continuously monitors the whole cross-section of the leg
would do — and watch for the first bubble to form, and
then limit the ascent rate by limiting the size of this
bubble to a critical threshold level, one can successfully
produce decompression without the use of the Tables.

I would just like to leave you with a charming thought in
connection with these matters. Maybe it is by using
ultrasound that a mother dolphin knows when her baby
has to be burped. You see, if she senses gas bubbles in her
baby then she can go ram him with her rostrum. Maybe
the social and maternal life of dolphins depends crucially
on these matters!

I would now like to change the subject totally, and to
tell you about a whole series of tests based on the use of
telemetry. It is a fact that radio waves travel through fresh
water very well indeed, and through salt water sufficiently
well to be useful. It is also true that as a matter of routine
we use small radio transmitters (about the size of an
aspirin tablet) to monitor all sorts of physiological
functions in humans and in animals, so these same radio
transmitters can be applied to free-swimming divers.

It is always true that the use of radio transmitters
interferes slightly with the subject’s activities, whether he
be on land, in the water, or going between the two, so I
would like to tell you a little about bio-nautical telemetry.

I swallowed one of the first-ever of the ingestible radio
transmitters. It sat in my small intestine continuously
monitoring core temperature and peristaltic activity; it
was capable, even in those days, of monitoring two
separate variables and of transmitting continuous
information on both. Usually, if you swallow one of these
transmitters it appears in the usual way, still transmitting,
the next day. Hundreds have passed through thousands of
people and, thus far, none has ever gotten “hung up”!
But sometimes we wish to extend experiments further and
with certain diets it is possible to keep the transmitter
inside yourself for about five days. You can also do
something else which, although it sounds disgusting, is
remarkably comfortable. You can attach one end of a
thread to the back of a transmitter and the other end to a
tooth. In answer to your next question: You cut the

thread. And in answer to your next question: No, it
balls-up and comes out as a unit!

We do experiments routinely on humans, but I think it
would be more fun if I talk about some of the other
animals. In this example, we wanted to know more about
the temperature regulation of dolphins; more about the
feed-back mechanisms involved. So, I fed a dolphin with a
dead fish that had a radio transmitter stuck in its gill. This
particular dolphin was very nice: she did not chew her
fish so it was possible to monitor her core temperature
continuously as she went about her business swimming
freely. The alternative to measuring core temperature in
this way is to pick the animal up on a stretcher, put it on
the side of the tank and shove a thermometer up its rear
end every five minutes or hour, depending upon what
information one is interested in obtaining. But a
dolphin’s temperature regulator does not work very well
when the animal is in the air. The dolphin’s temperature is
constant, rather like yours: if you think you are sick the
doctor will take your temperature. Actually, there is a
rhythm of temperature and the same is true of dolphins;
the temperature cycles in the 24-hour period.

To study any interacting system is to disturb it slightly
and find out what transient results: this is a way of
studying biological, electrical and social systems, etc. So,
we decided to disturb the system by introducing a sudden
change in temperature. We simply took the dolphin from
a tank at one temperature and placed her in a tank at a
slightly different temperature and, as she swam around, so
we monitored her temperature continuously.

As a result of our monitoring we were able to establish
that the dolphin has quite a stiff regulator: there was a
transient change in temperature, but this was returned
within approximately an hour. From a careful analysis of
such a temperature curve, one can get an idea of what
must be going on inside the dolphin to have produced this
transient; the point of all this being that only by being
able to monitor the animal without disturbing it, are we
able to make such an analysis.

Besides such controlled experiments, we also go out and
do fieldwork. On one occasion I went to the Galapagos to
study the only lizard in the world that enters the ocean to
feed. It is a cold-blooded animal that has to deal with the
cool Humbolt current; it does not go out very far — I
think it is afraid of sharks.

In this particular case, a small external radio transmitter
was placed at the base of the animal’s tail so that whatever
it was doing, whether crawling over land or swimming
underwater, it would be possible to keep track of its
temperature. Incidentally, do realise that the only way
that this cold-blooded animal can regulate its temperature
is by going in and out of the sun, in the lava crevices.

The usual method of studying such an animal is to go
out and catch one every hour and put a thermometer up
its rear end. After a few hours of this it doesn’t care what
its temperature is; all it wants to do it to get away from
the biologist. Yes, it is very important that the thermal
activity pattern is not disturbed.

Of course, we are not only interested in monitoring
temperature; we have monitored human divers swimming
around in salt water, with a little radio transmitter about
the size of my thumb conveying a signal that is
reproduced on an electro-cardiagram.

In some cases we convey signals ultrasonically, but there
are many instances when we prefer to use radio trans-
mitters through the water. We have produced
electrocardiagrams of fish; in this case one can see the
respiratory movements of the fish, and we have sometimes
noticed a strange snychrony between heartbeat and
respiration — a matter to which we have devoted some
study. Some of my students have studied fish using radio
transmitters. All I am saying is that there are many
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variables in studying freely swimming animals, be they
human or otherwise.

Because it brings up several interesting points, I would
now like to give you another example of temperature
regulation. Shortly we will hear from Dr. Kylstra, one of
the pioneers in the liquid breathing experiment, but I
would like to discuss these experiments from a slightly
different aspect and that is, what happens to the
temperature of some of these animals when they breathe
liquid. Specifically, I will be discussing a mouse with a
radio transmitter inside it, but do keep in mind a couple
of questions: Why are fish cold-blooded, and why are all
the aquatic mammals without gills?

In this experiment a mouse breathes a liquid at room
temperature; down in his tummy is a radio transmitter
that sends a signal from the abdomen, through the liquid
and up to a few turns of wire that serve as a receiving
antenna. The signal then goes to an ordinary radio receiver
to be de-coded and subsequently traced out as
temperature.

When you jump into a swimming pool your skin may get
a little bit cold, but this is meaningless. What we are really
talking about is the temperature deep down in the body,
and this does not change until our mouse takes his first
breath of liquid. The lungs provide a large surface area for
the exchange of gases, and it follows therefore that they
are also a large surface area for the exchange of heat so,
when the animal takes its first breath, its temperature
starts to drop precipitously, even though it is a
warm-blooded animal; even though it should have a
constant temperature. Its temperature regulator simply

cannot cope with these conditions. This means that the
problem with a lot of schemes for artificial gills, ete. in
which you have this great gas exchange, is that the body
will try to warm up the entire Atlantic Ocean — not the
most practical thing to attempt!

We have all sorts of transmitters — big and little. This is a
radio transmitter on the tip of my finger. It does not
require any fancy laboratory for its construction; it is
made out of standard commercial components that are
simply slotted together, and anyone in this auditorium
could build a transmitter like this in one day. It senses and
transmits temperature, is small and could be tucked into a
mask. We can monitor quite a number of variables, and all
sorts of ranges of transmission allow quite a variety of
physiological monitoring in the free-swimming diver
where the problems of monitoring are especially hard to
solve by the usual laboratory methods.

I have not speculated about anything at all; I have
merely told you some very routine present-day facts
which, I hope, you may have found as interesting as any
speculation.

I hope that you now understand one good reason why
no aquatic mammals have gills: it would couple them too
closely to the ocean.

Surgeon Commodore Rawlins: As a matter of fact, in its
study of hypothermia the Royal Navy uses the same
transmitters. I was intrigued with the liquid-breathing
mouse and its respiratory heat loss because of its relevance
to deep diving, helium-oxygen at 1,000ft. having the same
heat transfer properties as water.

Wookey in the late 50’s.

Dr. Val Hempleman

Dr. Val Hempleman is Superintendent of the Royal Naval Physiological Laboratory.
In the 1950’s, he and his team were called upon to produce new decompression
procedures for the Navy, and tests finally resulted in the successful dive to 600ft. by

Later research was carried out on decompression tables for saturation diving, and it was
due to this that the “helium barrier’” was broken.
This was proved by the 1500ft. simulated dive by John Bevan in March 1970.

The transfer of man’s capabilities to deep underwater tasks

It is always a difficult task to foresee what will be
happening in underwater physiology in the next 20 or 30
years, but 50 or 60 years ago some early workers
predicted that men would live in undersea houses with
lock-in and lock-out facilities, and although the diving
dress they designed is somewhat dated, we will be doing
very well if we can be as accurate as this with our
predictions.

Less than four years ago, 335 metres was taken to be the
safe depth limit and yet, as you know, the French diving
group Comex have just safely reached 600 metres
(2,001ft.) So what went wrong with the 335 metre limit
idea, which was made in good faith, and as a result of a lot
of hard work?

To examine this it is profitable to return to the previous
Congress when a young man named Hannes Keller startled
the diving world and set in motion a real impetus to deep
diving work by extending ordinary conventional diving.
By this, one means that he was descending to great depths
quite rapidly, staying down there 10 or 20 minutes and
then returning as quickly as possible, consistent with
safety, to atmospheric pressure. (I watched a dive of his to
700ft., with 10 minutes hard work on the bottom,
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followed by return to atmospheric pressure in about 100
minutes).

We in Britain at that time were the only group properly
equipped to take advantage of this technique because we
had a submersible chamber and so we could put a diver
into this chamber, bring him up from the depths at full
diving pressures, and transferhim on to the support ship
where he could be locked on to alarge deck pressure
chamber. This technique of transferring under pressure is
now of course well-known and well-used. So we set off to
try and extend conventional diving to greater depths and,
like the ordinary conventional air diver, descended to
depth at 100ft. a minute.

When we studied this technique of going to the depths
rapidly, several facts began to emerge. We already knew
from a lot of submarine escape experiments we had done
that descending rapidly on air to 625ft in 25 seconds
presented no untoward problems, but when we went to
compress people on helium to 500ft. at only 100ft. per
minute, some hand tremor appeared on sensitive men. At
first this was ignored; it was felt that the men were
slightly psychologically affected. But when, later on, we
then compressed on oxy-helium to B800ft. in eight
minutes, marked hand tremors were observed in nearly all




the men and when stripped to the waist in the pressure
chambers the musculature of the back and upper arms of
many of them was moving about in a most unco-ordinated
and disturbing manner.

Then to the laboratory came Professor Buhlmann from
Zurich, who did some rather splendid pioneering dives
with us, as a result of which we learned that if we took an
hour to get to 1,000ft. there were very small changes in
hand tremors, and. only small EEC changes — i.e.
electrical activity of the brain.

Compression on oxy-helium to 1,000ft. in 24 hours was
accomplished by the Americans, and this appeared to
cause no detectable changes at all. Finally, the observation
that diving ought to end somewhere about the 350/360
metres mark was due to an experiment on oxy-helium
with compression to 1,200 ft. in approximately two hours
which caused some hand trembling but marked changes in
the electrical activity in the brain, which were quite
rightly regarded as sufficiently serious to prevent any
attempt to descend deeper.

From all these observations the conclusion was reached
that if you want to put divers deep in the ocean, then you
must give the body time to adapt to the markedly
changing environments that are being experienced during
the descent.

As you know, the French groups have now moved into
the forefront of work in very deep diving and it was they
who put together all the untoward signs and symptoms
seen when going to depths, and called them the “High
Pressure Nervous Syndrome”. We now know that
although one can reach 1,000ft. fairly quickly —in about
an hour — once one goes much beyond this depth then in
order to avoid the high pressure nervous syndrome one
must descend very slowly. In fact it is necessary to
descend more and more slowly, until it is taking several
days to reach 600 metres depth, and one would estimate
that to reach 800 metres would represent an impracticably
long period.

Yet another problem presents itself during the second
phase of a dive, i.e. the period when the diver is at full
depth. From our own observations we have been able to
establish that although it is possible for a diver to do fine
work with his hands at, for example, 1,500ft., the
electrical activity of the brain is partially suppressed and
this inevitable change becomes progressively worse with
greater and greater pressure. The Comex group has
confirmed these observations with their own very deep
dives and established that around 800 metres (2,600ft.)
these changes would reach such a magnitude as to become
unacceptable.

The other major problem that ocecurs. at full depth
concerns the breathing difficulties. Once again at 1,500ft.
we did a number of respiratory experiments to see if
people could work; we did not ask our volunteers to do a
great deal of physical work because it was a pioneer
experiment and one must not press people into more and
more stressful situations in case it turns out to be
dangerous. It was quite clear that although light work was
quite feasible, these men were not breathing normally,
which is hardly surprising when it is realised that the
density of helium at such levels of pressure is quite great,
equivalent to air at about 220ft. As a result of our early
observations we would have concluded that our divers
could probably not sustain physical work.

Quite recently, some more complicated experiments
have been completed in the United States at a depth of
1,600ft. and as a result of their measurements they
reached the conclusion that although the tasks were
performed efficiently, 1,600ft. (500m) may represent the
approximate limit at which, using our present diving
procedures and equipment, sufficient physiological reserve
remains to deal with emergencies. The theoretical

conclusion is that if a diver is asked to descend 50 per
cent deeper he would only be capable of performing light
work. Here again the same value of 800 metres or
2,600ft., at which the practical breathing limit will be
reached is estimated.

This afternoon we have heard a good deal about thermal
balance and the difficulties allied to maintaining it: divers
working with life support systems on oxy-helium are very
sensitive indeed to small temperature changes. In our
experience at 1,600ft, it was really quite difficult to keep
both our divers comfortable, a shift of a degree or two
either way affected them both quite markedly, turning
one over to shivering and the other to sweating. From this
you can see that maintaining a suitable thermal
environment in these pressure chambers is difficult, and
descending much deeper would increase the technical
problems enormously.

Finally, we come to the third phase of diving which is
the decompression phase, and here again for illustrative
purposes I shall refer to our own 1,500ft. dive, during
which, in various stages, we tried to overcome the effects
of compression and the HPNS. We then "started to
decompress fairly rapidly. Now, the term “fairly rapidly”
will make you smile when I tell you that it was at 40ft. or
12 metres an hour which by ordinary standards of diving
is absurdly slow. But, as a result of attempting to maintain
this rate of decompression we encountered serious trouble
with one of our volunteers, and had to recompress him to
overcome it. From this, we could confidently state that
one cannot decompress at this rate from such depths and
eventually we established a safe rate of decompression at
10ft. or 3 metres an hour. The point I wish to emphasize
is the colossal time it takes, perhaps 8 or 9 days
decompression, to get back to atmospheric pressure, and
if you were to ask to go to nearly double thrat depth the
running time would be in the order of weeks. I am not
saying that you cannot make such deep dives, but
certainly the fimes involved become impracticable and,
curiously enough, most of the figures seem to indicate
that somewhere in the region of 800 metres or 2,600ft.
lies the practical limit to deep diving for unmodified men.

One therefore asks whether there is anything we can do
about this. We have heard about pharmacological agents
for overcoming the effects of pressure, but | am not sure
how acceptable these will be and there is still a great deal
of work to do. Some form of power-assisted breathing
would seem to be helpful yet, if you have this, a good
number of the advantages of using men on the ocean floor
begin to disappear.

With regard to decompression, I am sure we have not
reached the optimum answer and perhaps something like
the previous speaker’s method of monitoring the diver
would yield better results, although one cannot see it
altering the order of time of the decompression, it will
merely trim it and make it more individual.

Various other solutions to the problems of
decompression have been suggested, such as connecting
people to kidney machines and thereby washing the inert
gas from the blood, but all these are really macabre
solutions and one would think they represent
unacceptable ideas.

So, we are faced with the fact that on the available
knowledge to date, an unmodified man will not descend
much deeper than 800 metres and yet, here we are,
human beings with the best computer available, able to
transmit complex messages even balancing on one foot!
Perhaps our best plan would be to combine our unique
properties; the brain, central nervous system and muscular
co-ordination, in some way with machinery, so that we
get the best of both worlds. Such an attempt is being
made; that is to key into the main muscular areas, and
perhaps into the nerves themselves later on, so that when
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