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The present document is the property of COMEX SAS. It has been entrusted to the ORPHY
laboratory, which scanned and uploaded it.

COMEX (Compagnie Maritime d’Expertises), established in 1962, has positioned itself in the
offshore activities sector, where it held a leading international position, becoming the world's
foremost company in engineering, technology, and human or robotic underwater
interventions. Comex designed a Hyperbaric Testing Center in 1969 and developed its own
research programs on various breathing mixtures used in deep-sea diving (helium and later
hydrogen). These research efforts led to spectacular advancements in this field, including
several world records, both in real conditions and simulations. Comex still holds the world
record at -701 meters, achieved in its chambers during Operation HYDRA 10.

The ORPHY laboratory focuses on major physiological functions, their regulation, interactions,
and their contribution to the development and prevention of certain pathologies. The primary
mechanisms studied involve metabolic aspects (oxygen transport and utilization, energetics,
etc.) and electrophysiological aspects (contractility and excitability), mainly related to
respiratory, vascular, and/or muscular functions. These mechanisms are studied under various
physiological and physiopathological conditions, ranging from the cellular and subcellular
levels to the entire organism. In Europe, the ORPHY laboratory is one of the leaders in
hyperbaric physiology and diving research.

Being a major player in innovation and expertise in the field of pressure, COMEX maintains a
scientific archive from its experimental diving campaigns. The value of this archive is both
scientific and historical, as it documents a remarkable chapter in the history of marine
exploration and contains results obtained during dives that are very unlikely to be replicated
in the future.
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At the beginning of 1968, the depth of 1000 ft.
had been reached during several fictitious dives,
~and one true dive.by KELLER in 1962. Ve decided,
“therefore, to undertake a research programme on
the possible .limits of the utilization of

. mixtures based on helium between 1000 f££. and
1200 %,

Deep.diving with gas mixtures dowvn to 800 ft. no
longer raised serious physiological problems. The
various difficulties still arising are of a
technical and logistic nature, especially at sea.

- The same did not apply to dives made to greater
depths and therefore greater pressures, referred
to as 'very deep dives. This is for two reasons:

1 = During the descent and the stay at the bottom,
: the diver may show nervous disorders whose
progression may result in a state of crisis,
certainly dangerous in itself, and may be also
in its consequences.

-2 = During the ascent, the decompression of an
organism saturated by a more or less inert
gas at such high pressures could give way to.
accidents if we applied desaturatlon tables
valuable for shallower dives.:

Our research, and our progress on the way to very
deep depths have benefited from the results of
experiments carried out by Dr. R. W. BRAUER of
DUKE UNIVERSITY. .

With reference 1o his works, we briefly outline
~ the reactions observed on - anlmals submitted to high
pressures:

(at 60 atmospheres : modifications
’ of E»EoG‘o

(at 90 atmospheres : Convulsions

Mguse



(at 25 atmospheres : Trembling

Monkey (at 4O atmospheres : Modification of
B.E.G.
(at 55 atmospheres Convulsions

The animals were breathing a mixture bssed on heliun
in which the level of Op was reduced to such a point
that would avoid the occurence of phenomena of

hyperoxic origin (which would have made the experiment
valueless).

However, if a subnarcotic dose of nitrogen were added
to the breathing mixture of the mouse, convulsions
only appeared at 135 atmospheres.

Our observations on man appear to confirm what

R..W. BRAUER was the first to show on animals: that
there exists a difference, not only of degree but also
of nature between the helium action and that of other
gases called "inert", which may be used as oxygen
diluents. Although these gases have an anesthetic
effect, helium acts first of all as a stimulant.

It .is also possible that these stimulation phenomena,
are due to the pressure itself, and that helium only
provokes them due to its slight narcotic power.

Other gases having a greater anesthetic effect, act
to a certain extent as antidotes of pressure, and,

as stated at the beginning, nitrogen added in
subnarcotic doses to the heliox breathed by the mouse,
elevated the convulsion threshold from 90 to 135
‘atmospheres.

The second point concerns the elaboratlon of the
decompresolon tables.

Our method of calculatlon should take the form of

a vorking theory extremely prudent and subject to
rmodifications, .the consequence of prev1ous experiments
‘where each ascent was aCCOmpawnlcd by sigas of ‘the
'formlng of bubbles. '



We benefited from an experiment of heliox tables
(360 dives/tests from 150 to 800 ft. and around
400 operational dives to depths ranging from 250
to k0O, ft.)

These tables were calculated from the WORIMANN
method published in his Research Report of the
U.S. Navy in June 1965,

The seven .Tictitious very deep diving experiments
took place in our Hyperbaric Centre in the great

. chamber with diving-tank. During the decompression,
from 40O £t., the divers were able to transfer from
this chamber to a 'living-room', for the last days
of the decompression period. The system allowed
Tictitious dives dowvn to a depth of 1250 f%.

The first three experiments gave us this information
regarding very deep dives:

" = .a more accurate assessment of reasonable and safe

speeds of ascent and descent.

= reassuring information on the behaviour of divers
breathing heliox, and environment conditions which
are exceptional up to this day.

—. new notions on the difficulty of finding valid
tests as well as on the probable value of the E.E.G.
recoxlings..

= & few notions on vertigo appearing during descent.

The first series also brought informstion only obtained
by experience. For example, the handling of the
hyperbaric enclosure, gases, recordings, the supervision
of subjects in the chamber, their food and comfort,
CO2 control ebtCivess.



Having done all this preliminary work, we wei
a position to undertake the second parfy of our
programme, PHYSALIE I, II and Il;, Ufeluac £o HYDRA.

The second series of experix dents was composed of
four dives, dbproacnlng deeper QCdtn , in preparavion
- for HYDRA. e

PHYSALIE I ~ 1100 ft. - May 2ist 1968

s et et Bt Gt S Gt Pt Gt et e St S e S S Wt red et

‘Divers: H. G. DELAUZE ~ President, COMEX,
Dr. R. W. BRAUER

Time of dive, including descent : 123 minutes.

Time spent from 1000 ft. to 1000 ft. (ascent and

descent) 2L minutes

Total time of ascent : 97 hours 33 minutes
Breathing mixture on bottom : 02f2,6% No:4%
He:93.4% .

Ascent under a PiOp of 0.5b from 500 ft.

Air from 60 ft. : pure Op one third of time from
30 to O ft. :
Descent speed : 17" to 3,5'/min. o

Average speed of Ascent . 2.2"/min. .

The main features of this dive were :

- Excellent behaviour of both subjects from the
psycho-motor point of view. H.G.D. in particular
showed no lengthening of his choice reaction time.
When handling the bell manifold, lic carried out
the operation at 1100 ft. as easily and rapidly as
on the surface, adepting himwel! to a1l situations.
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- HGD showed a certain feverishness (but resumed his
self-control and calm when immersed) but no trembling.

The reassuring results of this experiment, added to those
of the previous ones, allowed us to try for deeper d=puiis.

RV showed only very slight trembling from 1000 ft. during
PLC I, and Dr. BRAUER's "Helium Tremor" during PHYSALIE
was .only appreciable beyond 1000 ft. We would, therefore,
hope that next time, a team composed of BRAUER and RV
could, without too great a risk, dive to 1180 ft., under
the condition that they would both be under E.E.G.

control and that precautions be taken to preveant the
traumatic consequence of eventual convulsions, (pfOoerlng
helmets, padding of sharp parts in the chamber, completely
covered pool etc...)

PHYSALIE II - 1180 ft. = 11th June 1968

Divers: R. W. BRAUER
R. VEYRUNES

'Timé of divé including descént : 120 minutes

‘Time spént from 1000 ft. to 1000 ft. (descent and ascent) 77 mins.
Total time of ascent : 11k hours 31 minutes. -
Bresthing mixture on thé;bottom : ‘02 : 198% Np ¢ 4% He : Ok.2%
Air from 60 ft. : pufe 62, from 30 to O feet.

Spéed of déscent : 20' to 8'/minute

Average spéed of ascént : 2"/minute

There were severasl °1mllarltleu bbbween ths dlve and the
prev1ous one, however:

P



- Thetrembling fits, the fascidulations, the difficulties
in movement co-ordination were more apparent in RWB.

~ The sleepiness, more apparent with RV occurred around

1120 £t. This phenomenon had never been so visible before i

reaching 1100 ft.

= This sleepiness showed the characteristics of disappearing
during activity, especially during mental tests, and
reappeared as soon as the subject's attention slackened.:

- The E.E.G. revealed much more than the clinical aspect.
Alterations appeared.quite soon (750 ft.) The disorders
increased. with -the depth, persisted at the beginning of
‘the ascent and only disappeared at about 800 ft.

- From the psycho-emotional point of view, no anxiety or

- over excitement, but around 1000 ft. a progressive aboulia.

Beyond 1120 ft. the impression that it would be dangerous
to carry on, but no effort to ask by sign or in writing
+to stop. ‘

PHYSALIE III = 1200 ft. = 27th June, 1968

— vt - st Wt St st o g S

.Divers: R. W. BRAUER
: 'R. VEYRUNES

% Time of dive including descent : 127 minutes

- Tine spent from 1000 ft. to 1000 ft.' (ascent and descent )
T mlnutes ¢

:”vTétal time of ascént .: 138 hours 3k minuﬁéé. |
‘1vBréathiﬁg,mixtﬁre‘on th; bottom : Oé i 1.9 No:5% He'93 1%
.' Air froﬂ‘90'fﬁ.‘: pure 02 one third of tlme from Lo to O ft.

‘:Déscént SPeéd,. 20 £%. to. 1. S ft/mlnute

Average speed of ascent : 1.8"/m1nute.



The main features of this dive were:

1

a descent .slower than before, with a pause of one hour
at 600 ft.

- probable consequence .of these precautlionary measures
reduced motor troubles in the divers (unilmportant
trembling, slight dysmetrj, slight balance trouoles,
without alz¢1nesD). : :

= drop of alertness, when.resting from 700 ft. both
divers pubtting the blame on the motionless state
required for E.E.G. recordings. This is correct as
this immobility (closed eyes, open eyes) should act
as a detector of sleep tendencies.

" = normal performances down to 1000 ft. The test consisting
of the complex handling of the bell manifold were
executed apparently as correctly as on the surface by

JD and- FF.

" - more or less normal E.E.G. until maximum depth.

"fIn short, 'a H.P.N.S. reduced to the simplest expression

- With this technique, and with the acquired knowledge, we now
"‘consider diving to 1000 ft. in a chawber as a matter of
.. routine, -and -used this as training for the divers who intend
. 'to periorm OPERATION HYDRA

After having approached the limits of very deep diving with
‘heliox = limits indicated by the HIGH PRESSURE NERVOUS
SYNDROM - whose posgible evolution was rather slarming,

and reassured by BRAUER's extensive experiments on aalmals,
we decided to use hydrogen.

It was necesséry that this gas be tried at first as only one
~dilution (mlxture hydrox with 2/ 0o in order to test 1t°
~own actlon from 650 £t.) -



However, because of its explosive properties, (extremely
dangerous in an enclosed space), it Wda prpfcrable to
test 1t in the open sea, in a upec1al 'aeriun' coupled
together with a diving Dbell. :

This led to "OPERATION HYDRA", sponsored by C.N.E.X.0. (French
‘National Centre for Ocean fxploitation) which took place on
board the drilling ship "ASTRAGALE", on the 28th October, 1968,
offghore CASSIS (near MARSEILLES).

'ASTRAGALE's SDC/DDC allowed a pressurization to 21 Ata
and descents down to more than 700 ft. Our divers were
trained in it, having used it .for four weeks during
"OPERATION JANUS”, diving dozens of times to 500 ft.

However, for HYDRA this proved to be difficult, due to:

- the necessity for medical observation and E.E.G. recordings
and the performance of tests under water at such depths.

- uhu duratlon of .inmersion = requiring a highly efficient
protection system against cold. :

- the gas supplies.needed on the bottom due to the
consumption of the 'open—-circuits'.

Several months preparation were needed to find a solutlon
to the various problems.

The transmlss;on of the divers' E.E.G. was made through a
1200 ft. cable.” The tests were excellent. The lighting
and monitoring by television both inside and outside the

- bell worked perfectly. .Thanks to these, and to the
plexiglass window on the outer seat, the security of the:
divers was . always ensured. Although difficulties arose
causing. -the -interruption of the operation, they were never
“'really in danger. !

Equipment against .cold has been studied at length. This
did not work perfectly, due to the us ual tec¢hnical faults
often made with proto~types.



The- COp problem was  posed vhen the divers were forced
‘to returl 1n Lde “the bcll because of the cold.

However duflnﬂ uhb cperasion the two divers were able
. H >
to leave the well, BV P a7 <oayllcatea works for
30 minutes at a ausubh rensine Jeron GO0 f4. to 820 £h.
Tnis, apart from the short KeELLER exit at 1000 ft. had
> i

. hever been performned before.

This oneratlon could havc continued to greater deoths
if our goal had been.to obtain a world record. As the |
goal .was -to .test a new gas mixture, we preferred Lo stop
‘the experiment at 820 ft.

Once more, and we are not the only ones_in this case, we
have realized the difference between experimental

- conditions in chambers and actual conditions in open
waters.

It is, however, thanks to these fictitious dives that

our three divers have realized in open waters, a world
premiere, even if hydrogen was not used at these depths,
and ascended without any trouble mastering all unforeseen
difficulties. ' '

Three days<later;%the divers left the chamber having

passed a relatively.fast decompression period without
the slightest incident.

GENERAL CONSIDERATIONS AND CONCLUSION

We went deeper than 1000 £t. in 1968. Like our colleagues
of ZURICH, WASHINGTON and MURRAY HILL, we wanted to know
if it.was possible for a man to stay (and later on to live)
at these depths.

We haven't sufficient time to fully explain the results of
all our experiments, but the following are the most notable:

- When breathing hellox the ef L of pressures on.-man's
central .nervous system is much wore pronounced when the
pressure is higher oy when the wate of uxzsuutlz@tlon

is greater.



- This action causges a series of manifestations
we have already described as the HIGH PRESSURE
WERVOUS SYNDROM (H.P.N.S.) swmmarized. as
follovs:

a) Motor troubles, especially trenbling fits

~ (BENNET's "Helium Tremor") dysmetry (lack of
precision and of co—ordination of movements) and
balance disturbances.

b) A fall of alertness, tending”to a complete lack
of interest, slowing dovn of understanding and
actions, sleepiness.

' @) Premature modifications of the E.E.G., slight at
the beginning, becoming more important with the
depth. These tracings, alarming as they correspond
neither with normal sleep nor with anesthetic sleep
have a tendency.to persist at the beginning of the
decompression period. Generally, they disappeared
after 800 ft. »

Up to the pressures already reached,‘the H.P.N.S.
evolution proceeds in three steps, the main features
of which are:

¢ trembling from 21 Ata,
. reducible drowsiness and sleep on E.E.G. at 30 Ata,..

: more clinical observations, with alarming anomalies
from 3k Ata,

more accentuated clinical table and alarming E.E.G.
anomalies from 3L4 Ata.

Of course, these .nervous disturbances may depend on the
subjects and especially be attenuated or delayed by very
slow pressurization. For example, this was the case for
diver JD, 25 year old engineer, whose handwriting

showed signs of trembling as soon as 700 £t. during

his first experiment to 900 £t. and proved his otato of
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confusion. But during his second dive to 1000 ft.,

* he wrote normally enough to note a mathematical

calculation.correctly. The first dive descent was done

in 80 minutes, the second belng done in 180 minutes,

with a one hour pause at 600 ft

What would happen at deeper dtotn T Ve don't'ye+ know, K
- but we may afflrm two extremely important things

1. The H.P.N.S. observed in a heliox atmospnere (sllghtly
hyperoxic) has nothing to do with a narcosis
phenomenon with "heavy" gases, nitrogen, argon, 4enon.

2. The narcosis due to these gases does not appear much
on E.E.G. tracings, whereas the E.E.G, modifications
come early, -are very important, and consist of a.
precious alarm signal long before the condlulon of
the subject becomes disturbing.

The problems of ascent from deep depths are, ve think,
practically solved. This is very fortunate ag the
decompression risk are greab.

The satisfactory results of the PHYSALIES decompression
process allows us to think that we have mastered this
part (the last but not the least of very deep dives).
These facts allow us to state that the CONSHELF -

1000 £t. = is within our possibilities: j

- We know.that below this depth, the general physiological
and nervous adaptation of selected men is possible. '

~ We have mastered pressurization and decompression (at
least with helium). These two operations imposing a
minimum strain on the divers.

At the present time, the only obstacles are of a technical
kind: manipulation of instruments, anchorage of ships

or .of submarine baseg, visibility, guiding, and, above all
the two fields in which HYDRA proved that we were
insufficiently prepared: '

o control e ok
MR IEALAY SRS




To descend to deeper depths, we should study new
 Dbreathing mixtures. This is vhere hydrogen comes in,
for its depressing power on the central nervous system

opposed to the different power of helium under pressure,

and because of its low specific gravity.

The following table shows the importance the specific
gravity may have on respirable mixtures under high
pressures:

Depths | P 9 1'% | 4| % |s.G |AEDT
‘(ata) | O2 |N, | He |Hp |(g/nl)" (1)
100 11 2 |98 13.8 97
300 31 2 | 3|95 1735 L6
. 300 31 2 98 6.30 39
300 31 2 b9 | L9 4.96 | 28
300 | 31 2 98 | 3.63 18
365 | 375 |2 | 3|95 | | 8.8 58
365 | 37.5 2 98 7.6 49
365 3715 | 2 98 b 2l
500 | .51 | 1 99 9.61 6k
500 51 | 1 99 5.28 31
500 - ) 1 bo | 59 | T 45
600 61 1 99 7.2 Ls

'Advanced'incursions are of little interest to us.’.The

efficiency of the divers Is the only proof of whether

‘&f,thé'depth is well and truly controlled.

©® AE.D. i ATR EQUIVALENT DENGT oy



The density of the miALurc’at these depths will
be such that the divers vould be perhaps only
capable of a slight physical effort. '

We have reached and passed 1000 ft. with heliox.

. The object of our actual programme is to study the
possible adaptatidn of man at depths ranging from
1000 to 2000 ft.. The principal episodes of this

programme will be:

1.

- Continuation of PHYSALIES dives, benefiting from
- experiments carried out on monkies, and hydrogen tests

The study of effects of high pressures and various
gas mixtures on cells, animal tissues, elementary
beings, and isolated organs.

This will cofrespond with a fundamental research

.wvhich has already been .undertaken by several

American research workers.

The study of effects of high pressures and various
gas mixtures on superior mammals, especially the
"papio=papio" monkey.

This experiment will lead to a better knowledge of
the H.P.N.S. and of limiting life factors under high.
pressure (pressure by itself, helium, other gases,
hydrogen) .

in the special design chamber which allows dives down
to 4000 ft. .
Perfectlon of decompress1on tables .for very deep dives
using various mixtures (four different gases, hydrogen,
helium, nitrogen, oxygen).

Perfectlon of techniques and equipment for very deep
dives in the open sed. )
Training of dives in a spherical chamber, 15 ft. in
diameter, filled with waber, into which a diving bell
vill be submerged, enabling us Lo create conditions of -
a true dive dovan to 1000 It.



Sea operations will follow these experiments,
and will, we hope, be.in general industrial
use within the very near future.
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