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DI VI NG 2001
Hannes Kel |l er
(Cceans 2000, 1973)

It is agreat privilege and pleasure for ne to run through some of the probl ems of
the future of man in the sea. | will concentrate on three topics: the scuba diver,
t he underwat er sea quest and hono aquati cus.

Many of us are nowchiselling at thelimting factors of diving; we dreamof extended
no- deconpressi on diving. The problem of deconpression lies in the fact that one
cannot dive deep with oxygen al one because it is a very poi sonous gas that nen can
only support in small quantities. In diving, one nust mx this powerful oxygen wth
har ml ess gases such as nitrogen, heliumand so on. These gases diffuse i nto the body,

stay there |i ke blind passengers acconpanyi ng one on the dive, and do not react with
t he body chemically. But, when one returns to the surface, these slowwi tted non-

reacti ng gases cone out of the body, and if one is not naking a slow and tiresone
deconpressi on, formdanger ous bubbl es in the body. This very nuchlinmitsthe freedom
of the diver.

There are four hypothetical nethods of getting rid of the need for deconpression:
drugs preventing bubble formation; non-inert breathing gas mixtures which are
chemically absorbed by the body; |iquid breathing m xtures instead of gases, and
extra-corporal blood circuits (the lungs being filled with a |iquid).

Drugs Preventing Bubbl e Formation: Wen the gas pressure in the body tissues versus
anbi ent pressure exceeds a ratio of approxinmately 2:1, we get bubbles. This limts
di ving wi th scuba to between 100 and 200 ft. For greater depths one needs i ndustri al
di ving techni ques such as deconpressi on chanbers and subnari nes but drugs may now
change the critical ratio. Today, | believe that some 20 per cent inprovenent coul d
be realised, and in the future, super-effective drugs m ght double or treble the
rati o, but at this point one certainly reaches the limts of what chenistry can do
for you.

Dept hs for scuba diving coul d be doubl ed or trebled, but one would be forced to use
hel i uminstead of nitrogen for breathing. However, heliumsaturates the body 2. 64
tinmes faster than nitrogen, and this woul d agai n t ake us back to short deconpression
di ving at shal | ow dept hs.

W can estinmate, therefore, that a suitabl e drug appliedto aheliumnitrogen m xture
woul d all ow t he scuba diver to go to depths of between 200 and 400 ft. This does
not sound terrific for the nagical year 2001, but it would nmean that really bl ack
dept hs woul d be open to everyone, and that certainly woul d be a novi ng experience.

However, if there were a gas that would ni x with oxygen and whi ch coul d be absor bed
by t he body wi t hout poisoningit, it woul dgive us diving w thout deconpression. Very
hypot hetical ly, such athing would | ook |ikethis: at 300 ft, we woul d have a m xture
of 5 per cent oxygen, 45 per cent xx, 45 percent UUpl us 5 per cent corrector-catal yzer
nm xture (whatever that neans!). The bl ood plasma would forman xx plasma, and WU
plus tissue fat would nmake U fat. Then the xx plasna plus the UU fat would forma
green liquid! The green |iquidwoulddissolveinthe blood, befiltered by theliver
and | eave the body with the urine.

The 5 per cent corrector-catalizer nixture would do sone very odd jobs indeed.
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When it caneto ascendingtothe surface, all the gases woul d have di sappear ed; not hi ng
woul d be I eft for bubble formati on and no deconpressi on woul d be needed. W coul d
expect the gases |like xx and UU, being non-toxic, to have nol ecul ar wei ghts of 60
or nore. Such gases have critical points of 500 psi maxi mum therefore, we cannot
expect to be at depths greater than 1000 ft.

Breat hing Li qui d: Thi s has been di scover ed by Prof essor Kyl stra. It isfantastically
sinmple: one just drowns in physiol ogical salt water which is saturated with oxygen,
but instead of saying “Farewel| beautiful world” one stays alive. It nust be done
at depths i n excess of 300 ft, or the farewel |l woul d be final, sincetheliquid cannot
hol d sufficient oxygen at a |l esser depth. Maybe newliquids will overcone this, but
for anybody who can beat his psychol ogi cal barriers against it, it is a great way
to solve all diving probl ens!

Extra- Corporal Blood Grcuit: The technique for thisis, inaway, simlar to the
liquid breathing method. One fills the lungs with a suitable |iquid and one may or
may not continue to breathe. An artery or vein is cut and interrupted, the bl ood
bei ng gui ded t hrough an appar at us whi ch one may carry under the arm The apparat us
does the lungs’ work by getting oxygen into the bl ood and carbon di oxi de out of it.
So, after joining adiving club, the diver sees his surgeon, gets his plugs installed
and has no further diving problenms. Wenever he feel s |ike goi ng underwat er he j ust
pays his electricity bill, connects the apparatus and drowns alittle bit! The diver
could nowreach the absolute limts for diving - the depths could be as nmuch as 5000
ft. But then the body chem stry coul d beconme upset - under the extrene pressure the
met abol i smwoul d change delicate equilibriumw th fatal results. Such changes of
met abol i smoccur when one changes body tenperature. Very roughly, one can say that
each 1000 ft. i s equi val ent to a degr ee Fahrenheit body t enper at ure change. The ef f ect
is much too conmplicated to be conpensated by drugs, so | believe that the limt of
diving i s between 3000 and 7000 ft. Naturally, one day sonme crazy chap wll make
it 7043 ft.!

For the scuba diver, descent and ascent rates will be a big problem (I once nade
a descent from300 to 1000 ft. in two mnutes, but | adnmt that | did not feel too
great). Today, one understands that pressure changes cause specific probl ens that
limt ascent and descent rates to between 100 and 300 ft. per hour at depth.

For the properly equi pped sports scuba diver of the future, | would expect dive
durations of six to eight hours, the one big probl embei ng t hat of openi ng t he energy
gap. To heat a swinmng diver, a suit nmust generate approximately 500 watts; with
propul sion and rapid water velocity cooling him the diver needs 1000 watts.
Propul sion (if only we could think of a snmall torpedo that could be carried on the
belt or between the | egs) requires another 1000 watts. We want about ei ght hours
duration - and here we have a trenendous battery problem W can nmanage with 1000
| bs of lead acid battery, or with 200 | bs of silver zinc battery, or with 40 | bs of
I iquid oxygen and hydrogen plus a fuel cell, or with atom c power - if atom c power
can be provided and if the small isotope battery is ever constructed.

A diving suit nust give protection w thout hindrance; thermal, nechanical, optica
and | ogi stical protection. The materials of the futurewill be strong enough to make
you | augh very loudly when a white shark tries to chew you, but the point is that
the suits will be strong enough to be bl own under pressureif you surface accidentally
and need pressure for the prevention of a deconpression accident. Then, naturally,
the suits will allow efficient buoyancy control in conjunction with the breathing
apparatus and el ectronic bl ack box.
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At present | amworking on a suit which conpletely protects a diver fromthe hazards
of drowning: if the diver |oses consciousness, he will continue to breathe and
automatically drift to the surface i nstead of being | ost at depth. Rescue will then
be easy. Such dry suits will even beat the wet suit for confort.

El ectronics: Today, Hew ett Packard markets a pocket conputer which has forty
t housand transi stors, taking care of all basic mat hemati cal functions of trigononetry
and so on. Very soon sonebody will make such a thing for divers and your dive wll
becone al nost automatically controlled. The box will provi de a conti nuous di ve pl an,
including return to base, control of vital body functions, supervision of overal
saf ety and precautions, conputation of optimal procedures in case of failure and
trouble, control of breathing apparatus, automatic control of ascent in case of
unconsci ousness, conmmuni cation to other divers and base, and navigationrelative to
base, divers, target, surface and bottom Some of this data will be recei ved by the
di ver via the apparatus.

Al aser beamprojected onto the faceplate will give a three-dinmensional hol ographic
di splay of the navigational situation, including one’s own path underwater, the
positions and novenents of other divers and the position of base, surface, bottom
and target.

Maybe ultraviolet Iight will penetratedepthanddirty water, and providevisibility.
The navigation systemw ||l be provided by neans of ultra sonics, nmaybe electro-
magneti c waves, and probably inertia systenms as those in submarines and junbo and
fighter planes, only nuch | ess precise and costly.

The future belongs to a variety of breathing apparatus, and al though nothing will
ever beat the sinple aqualung, we will have miniature conpressors silently filling
our cylinders over-night, and a small scuba set fitted with 8 | bs of air will weigh
approxi mately 20 | bs, including the air vaporizer

In the closed-circuit deep-diving apparatus, CO; and other contam nants will be
frozen out of the circuit; no filters will be needed, and buoyancy will be easily
controll ed.

So, what | predict is this. The oceans are not dead. In 2001 | hope still to have
t he choi ce of junping nude into the water and pl aying with the mask, fins and snorkel
| bought in 1960, but the mliatary divers will swimaround silently with an extra-
corporal bloodcircuit, and sone enthusiastswi |l breathliquidfar dow at 3000 f eet.
Naturally, it will be great to be able to nove hundreds of feet up and down, with
propul si on, navi agati on, comunications and, |ast but not least, |iquid gases.

Living Underwater: The earth is becom ng somewhat crowded; there is a trenendous
energy-gap, and there is a contam nation problem |In the 19th century, people had
great problems in protecting thenselves from contam nation inside the house -
out side, nature was healthy. Today it is different. Last week I was in New York
- | amtold that breathing air in a New York street is equivalent to snmoking 40
cigarettes a day, and that one cigarette shortens |ife by 15 m nutes; one day i n New
York therefore shortens nmy life by half a day. However, | was in a hotel which
advertised filtered air, so | spent as much time as possible in nmy hotel roomso t hat
| was safe from contani nation!

| believe that the future bel ongs to three-di mensi onal structures, towns which are

completely closed shells. Inside such shells one would be able to keep the air
conditioned and to filter out all contam nants.
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A sociologist told ne that the ideal city has one mllion inhabitants. Such acity
coul d be designed as a cube, as a sphere, or other three-di nensional shape. AO0.6
X 0.6 x 0.6 mle cube woul d gi ve each person - child or adult - one thousand cubic
nmetres of space, which anpbunts to about tw ce the volune of a conplete six-roonmed
apartment, including a garage. In such a cube people would live and work and
conmuni cat e.

The first advantage - elim nation of the energy gap: whatever energy the industry
inthe centre woul d use woul d heat the apartnments. Secondly, people could conmute
easily with elevators and nechanical stairs - everyone could wal k anywhere in 15
m nutes. Thirdly, climte and contam nati on woul d be under control, with m nimum
t echnol ogy needed. Fourthly, Nature woul d be within 10 m nut es wal ki ng di stance and
coul d be kept intact for agriculture andrecreationandjoy - nonorefences and houses
anywhere - all woul d be onereally nice biggarden. Fifthly, it would be econom cal .
Lastly, social contact would be optinmal: one would have all the human contact one
want ed, plus roons for privacy for, naturally, to be happy, one needs a roomi n whi ch
to he alone - without acoustical or optical contact with the outside.

It has been proposed that we build such structures underwater. | amafraidthisis
not possible. It would be econom c nonsense because of a sinple physical law a
city underwater has to be of the sane density and wei ght as the water it displ aces.

If a structure is made of concrete, then 40 per cent of its volume woul d have to be
of solid concrete; aroom2l1 ft wi de woul d have concrete walls 3 ft thick. If nade
of steel, 13 per cent of the entire volune would have to be of steel: a room 25ft
wi de would need solid steel walls 1 foot thick. For buoyancy reasons al one, an
underwat er city woul d require several tines nore building material than a sky-scraper
structure on | and, which nmakes a nonsense of the whol e idea. |f one thinks of heavier
materials, of the costs and quality of this nagnitude, it is inpossible

Floating cities - Yes! If one needs cooling, the water under acity would inevitably
carry away heat energy. In a hot clinmte this is wanted, not soin acoldclimate.
So, certainly, Mam 2001 will float, while Oslo 2001 will be on solid ground where
m ni mrum heat is |ost.

To Swi ss peopl e, the thought of athree-dinmensional cityfillingalittlevalleywth
| ots of people, all withtheir little bank accountsinthe country, appeal s very nuch.
Actual 'y, such structures have al ready beentried. The Egypti ans once made bi gt hree-
di mensi onal structures, but the architects only dared to nove the dead inside. 1In
Babyl on, an architect tried, and when he failed because of an error in the
calcul ations, found the greatest excuse | have ever heard. Si nce Babyl on all
architects have had their splendid excuses.

I f underwater cities are inpracticable, perhaps there is even | ess need for humans
to acquire gills and col d bl ood and beconme hono aquaticus. Cousteau has predicted
that selection and nmutation will create newforns of human bei ngs, capabl e of Iiving
fish-1ike underwater, for instance. But the human and his donestic ani mals have
escaped the selection process fromNature - it is known, for exanple, that Eskinos
are not hairier than Africans.

When trying to predict the future of mankind, we can certainly anal yse sonme trends.
Onew |l trytopernit the maxi mnumnunber of individual s the experience of life. That
means a big crowd! This crowd will certainly have to live in three-di nmensional
structures; the cities of the future. There is no need for humans to fly like birds
as honoaer onauti cus, or sw munder t he sea as hono aquaticus; if acity has 5001 evel s,
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its three di nensions are enough. The factors limting life will therefore be the
energy-gap; waste of prime materials and contani nation.

Q her Trends: Each individual will seek maxinmum ‘life fulfilment’ which nmeans a
maxi mum of brain stinuli. Brain stunuli can be realities nmaking an inpression on
nerves whi ch t hen act onthe brain, for i nstance, London Tower, or drugs, or el ectrical
i mpul ses - a conputer could be connected to the brain to make it ‘see’ the Tower.
But humans want not only a maxi mumof stinmuli on the brain but al so a maxi numvariety

of stinmuli. The brain wants to be able to choose its stinuli; it wants the freedom
to choose and change. But the concept of honp aquaticus is profoundly opposed to
t hese needs; aquaticus would have a very dull and one-sided animal life.

Anot her strong argunment agai nst aquaticusis thedifficulty of maintaini ng body heat.
The human net abol i smi s set at a very preci se constant tenperature, and hono aquati cus
woul d need hi ghly conpl i cated cheni cal nechani sns to conpensate for such tenperature
effects. The netaboli smwould need to be at | east three times nore conplicated than
itisalready, and woul d probably bethreetines norepronetoillness and mal functi on.
Nat ure dislikes such inpracticable constructions.

If humans really want the maxi mum nunber of individuals surviving for the maxi num
time, then sonething else is needed.

Humans will not live in the sea, but they nust beconme snaller - very much smaller.
People only 3 ft tall could be as intelligent, sensitive, beautiful and as sexy to
each ot her as people who are 6 ft tall. If humans coul d stop grow ng when ei ght years
ol d, they would be easier to feed and to transport; |ess energy and prinme materials
woul d be used up, and nore people could find a place on earth. Miscul ar effort coul d
be inplemented with tools. It could already be done today w th hornones.

Finally, if by 2001 all the big fish have been shot, then at least a 3in fish, wll
be a great experience for a 3in diver!

* * *x * * * % *

Brief Profile

Hannes Kel l er fromSwi tzerl and was the first man successfully to dive to the record
depth of 1000 feet, and he did it as far back as 1962. Sadly, this achi evenent was
marred by the tragic death of his diving conpanion, Peter Small.

Since then, he has concentrated on the technical devel opment of safe and efficient
underwat er equi pnent for industrial deep diving, principally producing a

pr of essi onal suit and new chanber systens. He has al so produced two-man and five-
man portabl e reconpression chanbers.

* * *x * * % % *
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