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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.

KDy ~ }u% Pv] D E]S]uw), eftafdli¥taedHrs 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 Hyperbaric Testing Center in 1969 and developed its own
research programs on various breathing mixtures used in é@gpdiving (helium and later
hydrogen). These research efforts led to spectacular advancements in this field, including
several world reords, 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 theircontribution 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), maklgted 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 laboraoone of the leaders in
hyperbaric physiology and diving research.

Being amajor player in innovation and expertise in the field of press@®MEX 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 rigisib marine
exploration and contains results obtained during dives that\amg/ unlikely to be replicated

in the future.
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FOREWORD

Operation HYDRA IV was carried out in the Hyperbaric Research Centre (HRC)
at COMEX in Marseilles from November 14th to December 2nd, 1983. This
experiment constitutes not only an important step in the conquest of the
ocean depths but also an important world first. Because for the first time
in history six divers in hyperbaric chambers breathed a hydrogen mixture at
the record depth of three hundred metres, or nine hundred and eighty-five
feet.

In line with its continuing investigation of great depths, and determined
to maintain its world leadership in the realm of deep diving, COMEX has
consistently attempted to, and succeeded in, surpassing its own previously
established depth records, with operations such as PHYSALIE VI in 1972
(610 m for 1 hr 20 min), SAGITTAIRE IV in 1974 (610 m for 50 hrs) and
ENTEX 9 in 1983 (450 m for 6 days and 610 m for 56 hrs).

To overcome the disadvantages of the now conventional gas mixtures, heliox
and trimix, at depths below four hundred metres (thirteen hundred feet), a
new breathing mixture had to be found which would enable divers to work
safely at such depths and thus gain access to immense undeveloped virgin
territories. One possible mixture, which had been known for some time but
had never been tested on human beings at great depths was Hydrox, a
compound of hydrogen and oxygen, and it was on this breathing mixture that
COMEX was staking its bets for the coming years.

After a number of animal experiments using mice and monkeys, for the most
part (COMEX's report, 1983 ; J.C. ROSTAIN, 1980), the decisive step was
taken in July 198% with HYDRA III when Henri G. DELAUZE, President of the
COMEX Group, and Jean-Pierre BARGIARELLI, Director of COMEX Pro, carried
out a dive to 91 metres' depth (300 feet) off the coast of Marseilles. At
the bottom they breathed the Hydrox mixture for a few moments before
starting their gradual ascent to the surface.

In view of the wnmitigated success of HYDRA III, it was decided to go ahead
with the research into the possibilities offered by Hydrox for conquering
the great deep. A new project was conceived : HYDRA IV.

This experiment was written up in an exhaustive scientific report of which

the present abridged version reproduces large parts, as well as the most
important discussion ant the conclusions.
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INTRODUCTION

The history of hydrox began with the French chemist, LAVOISIER. In 1789 he
gave guinea pigs under bell jars a mixture of "vital air" and "pure
hydrogen gas" and observed that the animals remained in this milieu "for a
long time without appearing to suffer from it".

One and a half centuries later, in 1941, CASE and HALDANE made the first
experiments on human beings, and in 1944 and 45 ZETTERSTROM dove in the sea
breathing hydrox to depths of 40, 70, 110 and 160 metres for several tens
of minutes each time, without i1l effects. The unfortunate death of this
Swedish pioneer at the end of the fourth attempt was due, not to the
breathing mixture, but to blow-up caused by a runaway winch which hoisted
the platform on which the diver was working.

The systematic study of the biological effects of hydrox began in the
UNITED STATES and FRANCE toward the end of the 1960s and has been pursued
in a few laboratories up to the present time. Numerous experiments to
pressure depths of as much as 900 metres on small mammals and monkeys, some
carried out by COMEX, demonstrated that molecular hydrogen in a very pure
state is not toxic. It was found, however, that it had, 1like nitrogen but
to a lesser degree, narcotic properties which while disturbing were capable
of diminishing the effects of High Pressure Nervous Syndrome.

After 1970, hydrox was breathed by scientists to a depth of 91 metres (in
hyperbaric chamber by EDEL and FIFE and in the sea by DELAUZE and
BARGIARELLI), but to prove the real advantages of hydrogen gas at 150
metres (as was done by ZETTERSTROM) and beyond for the time being to 300
metres, the depth range throroughly explored with heliox.

This was the aim fo HYDRA IV. Six divers, three professional divers and
three scientists, breathed hydrogen-based mixtures for several hours at
120, 150, 180, 240 and 300 metres and underwent psychometric tests and
comparative muscular exertion tests on heliox, on hydrox and on ternary mix
at each depth.
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HYDRA IIT : COMEX PRESIDENT H.G DELAUZE AT A DEPTH OF 91 M
(298.5 F.S.W.), BREATHING HYDROX 97.5/2.5.
(JULY 1, 1983).
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THE ADVANTAGES OF HYDROX

HYDROGEN AND PRESSURE INTERACTIONS

For the past 15 years, roughly, deep divers working on underwater sites
around the world have been breathing a mixture composed of helium and
oxygen, heliox. The advantage of this mix is that it prevents the narcotic
effect experienced by air divers below 50 or 60 metres' depth, which is
caused by nitrogen.

But heliox has its limits, too. The first deep dives carried out on this
gas revealed premonitory signs of a motor disorder manifested by
hyperexcitability of the central nervous system. This disorder, called the
High Pressure Nervous Syndrome, was described in humam beings by FRUCTUS,
NAQUET, and BRAUER in 1969 following BRAUER, JORDAN AND WAY for animals in
1968.

To overcome the drawbacks of heliox, the HPNS, another mixture was proposed
and used by P.B. BENNETT starting in 1974. This was a "Trimix" composed of
oxygen, helium and a small percentage of nitrogen. It seems that the
narcotic potency of nitrogen which is a limiting factor in air diving,
counteracts the development of HPNS. This Trimix was adopted from 1976 to
1983 for the COMEX-FRENCH NAVY operations, from JANUS IV in the sea to
ENTEX 8 (12 days at 450 m) at the GISMER Hyperbaric Centre.

But the density of trimix at high pressures beyond 300 metres' depth
increases the ventilatory work of the diver, thereby reducing his
possibilities of muscular work and consequently his efficiency. With
hydrogen it is just the opposite, the ventilatory resistance is lowered and
if, as is hoped, its narcotic potency - lower than that of nitrogen but
greater than that of helium - is also anti-HPNS, the advantages of a
mixture containing hydrogen will be doubled at 300 metres and well beyond !

- 1/ improvement of the respiratory function,
- 2/ reduction of the high pressure nervous syndrome.
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HYDROGEN AND SAFETY

Hy is a combustible gas which ignites in air when its voluminal
concentration is between 4 % and 74.5 %. When mixed with oxygen the
flammability range becomes much greater : the lower limit remains around 4
% but the upper limit increases to 94 or even 95 % at a pressure of some
tens of bar. In such a case the mixture is highly explosive and very little
energy is needed to ignite it. For city gas, for instance, ten times the
energy is required. When, however, the concentration of oxygen in the
mixture is less than 4 %, it is no longer inflammable. The hydrox mixture
used in HYDRA IV, 98 % hydrogen/2 % oxygen, is therefore below the limit of
flammability.

Furthermore, the experimental apparatus was designed to prevent any

possible leakage of the hydrox into the heliox atmosphere of the
hydrosphere and living chambers.

HYDROX : ECONOMIC ASPECT

Economically, hydrox, which has a very high percentage of hydrogen, is
extremely attractive.

Por helium is a very expensive gas. By the cubic metre it costs F.F. 60 in
France at present and F.F. 200 in certain other countries, like Brazil, and
it is not unusual for a worksite to consume a thousand cubic metres per

day.

Hydrogen, on the other hand, sells for one-tenth to one-thirtieth the price
of helium, the price difference being due to the methods required to
produce the two gases.

Helium is a fossil gas, with all the constraints restrictions and
monopolies that implies. Whereas hydrogen is a manufactured gas which can
be produced at will in a variety of ways in all of the industrialized
countries. There is no problem regarding supply, therefore, and at a price
which is definitely democratic.
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