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H STORY CF DI VI NG
Extracted with perm ssion from Diving and Subaquatic Medicine (1975)
by Ednonds, Lowy and Pennefat her”

* Available fromthe Diving Medical Centre, 6 Hal e Road, Mosman 2088)

The origins of breathhold diving are lost in antiquity. By 4,500 BC it had
advanced fromthe first timd dive, intoanindustry that suppliedthe conmunity
with shells, food and pearls. During the ancient Geek civilisation sponge
fishernen dived for this versatile marine product, and have continued to do so
up till the present. |In earlier days sponges were used by soldiers as water
cant eens and wound dressings, as well as for washing. Breathhold diving for
sponges conti nued until the nineteenth century when hel net di vi ng equi pnent was
i ntroduced, allowing the intrepid to ganble their lives in order to reach the
deeper sponge beds. To the hazards of the sea were added an array of diving
di seases - ‘diver’s palsy’, ‘burst lung’, *sponge fishernman’s di sease’, ‘bl owup’
and nany nore.

The ancient G eeks also laid down the first rules on the rights of divers in
relation to the goods they sal vaged. The diver was entitled to a proportion
of the value and his share i ncreased with depth. Many divers would prefer this
arrangenent to that offered by nodern governments and di vi ng conpani es.

In other parts of the world industries involving breathhold diving persist to
thistine. Notabl e exanplesincludethe Ama, or di vi ng wonen, of Japan and Kor ea
and t he pear| divers of the Tuanotu Archi pel ago. The Ama have exi sted as a group
for over 2000 years. Oiiginally the nal e divers woul d catch fi sh and t he wonen
coll ected shell fishandplants. Innorerecent tines divinghas beenrestricted
tothewonenw ththe menservingastenders. Soneattributethe changeinpattern
to better endurance of the wonenincoldwater. Ohers pay homage tothe fol kl ore
that diving affects the virility of males.

There is a long history of the use of divers for strategic purposes. Divers
were involved in mlitary operations during the Trojan Wars from 1194 to 1184
BC. They sabot aged eneny shi ps by boring holes inthe hull or cutting the anchor
ropes. Divers were also used to construct underwater defences designed to
protect ports fromthe attacking fleets. The attackersintheir turnused divers
to renove the obstructions.

By Roman tinmes precautions were bei ng taken agai nst divers. The anchor cabl es
were made of iron chain to make themdifficult to cut, and special guards with
di ving experience were used to protect the fl eet agai nst underwater attackers.

Some Ronman divers were also involved in a rather different canpaign. Mark
Ant hony’ s attenpt to capture the heart of C eopatra. Mark Ant hony parti ci pated
inafishing contest held in Cl eopatra’s presence and attenpted to i nprove his
standi ng by having his divers ensure a constant supply of fish on hisline. The
Queen showed her di spl easure at thi s subterfuge by havi ng one of her divers fasten
a salted fish to his hook.

There are many exanpl es of the use of reeds and bamboos as a sinpl e breat hing
tube or snorkel. Colunbus reported that the North Anerican | ndi ans woul d swi m
towards wild fow , breathing through a reed and keepi ng t hei r bodi es submer ged.
They were able to capture the birds with nets, spears or even with their bare
hands.
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The nost skilled of the American native tribes cane from Margarita |sland.
Travel | ers who observed themduring the 16th, 17th and 18th centuries reported
that the natives coul d descend to 30 netres and renai n submerged for 15 mi nut es.
They coul d di ve fromsunri se to sunset seven days a week. The divers attributed
t hei r endurance to tobacco! They al so cl ai med t o possess a secret cheni cal which
t hey rubbed over their bodi estorepel sharks. The Spani ards expl oitedthe native
di vers for pearling, salvage and srmuggling goods past custom The denand for
di vers was indicated by their value on the sl ave narket; prices up to 150 gold
pi eces were paid.

The history of diving with equipnment is long and conplex in the early stages
it is mxedwithlegend. The exploits of Jonah are described with conviction
inone text but there is a shortage of supporting evidence. Further reference
is not nade to him on the technicality that he was an early submariner and not
a diver. As his descent was involuntary he was at best a reluctant pioneer
Sone claimthat Al exander the Great descended in a diving bell during the 3rd
century BC. Details of the event are vague and sone of thefishstoriesattributed
to hi mwere spectacular. It is nost unlikely that the artisans of thetinme could
make gl ass as depicted in sonme of the illustrations of the ‘event’. This may
have been a product of artistic licence, or evidence that the incident is based
nore in fable than fact.

Leonardo de Vinci sketched diving sets and fins. Hi s set was really a snorke
that had t he di sadvantage of a | arge dead space. Another of his ideas was for
the diver to have a “wine skin to contain the breath”. This was probably the
first recorded design of a self-contai ned breathing apparatus. Hi s draw ngs
appear tentative so it is probably safe to assune that there was no practica
di vi ng equi pment in Europe at that tinme.

Another Italian, Borelli, in 1680 realised that Leonardo was in error and that
the diver's air would have to be purified before he breathed it again. He
suggested that the air could be purified and rebreathed by passing it through
a copper tube cool ed by the sea water. Wth this concept he had the basic i dea
of a rebreathing set. It might also be clained that he had the basis of the
experinmental cryogenic rebreathing set which carries gas in liquid form and
purifies air by freezing out carbon dioxide.

The first successful method of prolonging duration underwater, apart from
snhorkel s, was the diving bell. This consisted of a wei ghted chanber, open at
the bottom in which nmen could be | owered under the water. The use of bells
was initially linmted to short periods in shallow water, until a nethod of
supplying air to themwas devel oped. The first fully docunmented use of diving
bells dates fromthe 16th century.

In 1691 Ednmund Hal | ey, the English astronomer of conet fame, patented a diving
bel | which was supplied with air. Wth this devel opment, diving bells becane
nore w despread. They were used for salvage, treasure recovery and genera
construction work. Halley's bell was supplied with air fromwei ghted barrels,
whi ch were haul ed fromthe surface. Dives to 20 netres for upto 1.5 hours were
recorded. Halley al so devised a nethod of supplying air to a diver froma hose
connected tothe bell. Thelength of hoserestrictedthe diver tothe area cl ose
to the bell. It is not known if this was successful. Halley was one of the
earliest recorded sufferers of niddle ear barotrauna

During the second half of the 18th century, reliable air punps that were able
to supply air against the pressures experienced by divers were devel oped
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Several people had the i dea of using these punps for diving and devel oped what
are now cal |l ed open helnets. Air was punped down to the diver and the excess
air escaped round the bottomof the helmet. The diver could breathe because
hi s head and neck were in air, or at | east they ware until he bent over or fell.
I f this happened, or the hose or punp | eaked, the hel met fl ooded and t he diver
was |likely to drown.

In 1837 a naturalised Englishman, Augustus Si ebe, produced his “cl osed dress”
often cal l ed standard diving dress or standard rig. This equi pnment consisted
of arigid helnmet sealed to a flexible waterproof suit. Air was punped down
fromthe surfaceintothe hel net, and excess air bl ed of f t hrough an outl et val ve.
The di ver could control his buoyancy by adjusting the flow through his outl et
and thus the volume of air in his suit. This type of equipnent, with a few
refinements, is still in use.

There is sonme doubt about who designed the Siebe closed dress. |t has been
suggested that it was constructed by Si ebe to desi gns supplied by one John Deane
who had earlier experimented with an old suit of arnour converted to a diving
suit. Siebe certainly deserves the credit for marketing the firstacceptable
equi prent of this type. Several types of diving suits and a bell were used by
t he Royal Engi neers on dives onthe weck of the “Royal George” whi ch was a danger
to navigation in Spithead anchorage. The Siebe suit was found to be greatly
superior tothe other designs. Siebe' s apparatus allowedthe diver to bend over,
or even |lie down w thout the risk of fl ooding the helnet. Al so, the diver could
control his depth easily. Adiver in an open helmet had to rely on his tenders
to do this.

The first diving school was set up by the Royal Navy in 1843. Corporal Jones,
who had gained his experience on the weck of the “Royal George” was the
i nstructor.

Wth the use of the Siebe closed dress and its rivals, cases of deconpression
sickness in divers were noted. This di sease had al ready been observed i n workers
enpl oyed i n cai ssons and tunnel |l i ng where the worki ng area was pressurised to
force out water. The history of deconpression sickness is discussedinalater
chapt er but nention shoul d be nade here of the work of Paul Bert and JS Hal dane.
Paul Bert published atext book “La Pression Baronetrique” based on his studies
of the physiol ogical effect of changes in pressure. H's book is still widely
used as a reference text although it was published al nost a hundred years ago.

JS Hal dane, a Scottish scientist, was appointed to a Royal Navy Committee to
i nvestigate the probl emof deconpression sickness in divers. At that tinme the
Royal Navy had a divingdepthlimt of 30 metres. Deeper di ves had been recorded;
Greek and Swedi sh divers had reached 58 netres in 1904 and Al exander Lanbert
had recovered gold bullion froma weck in 50 netres of water in 1885, but had
devel oped partial paralysis fromdeconpression sickness. Hal dane deduced from
Paul Bert’'s results that a diver could be haul ed safely to the surface from10
netres with no evidence of deconpression sickness. This involved halving the
pressure. He deduced fromthis that a diver coul d be surfaced fromgreater than
10 netres in stages, provided that no stage involved a pressure reduction by
a factor greater than two. This was tested on goats, and then nmen i n chanbers.
Later, practical dives were undertaken which culmnated in an open water dive
to 64 metres in 1906. This work led to the publication of the first acceptable
set of deconpression tables as well as several practical inprovenents to the
di ving equi pnent used. Ohers extended this work and in 1914 US Navy divers
reached 84 netres. The next year they raised a subnmarine near Hawaii froma



Rubicon Research Repository (http://archive.rubicon-foundation.org)

6.

depth of 93 nmetres. This was a remarkabl e feat considering that the sal vage
techni ques had to be evolved by trial and error. The divers used air, so they
wer e exposed t o a danger ous degree of nitrogen narcosi s as well as deconpressi on
si ckness.

The devel opment of sel f-cont ai ned underwat er breat hi ng appar at us ( SCUBA) whi ch
allows the diver to carry his air supply with himrather than have it punped
down to him dates back tothe early nineteenth century. Thereis abrief report
of an Anerican engi neer, Charles Condert, who nmade a type of SCUBA in which the
air was stored in a copper pipe worn round his body. Details of the method used
to control the air flow are unknown. He died while diving with his equipnent
in the East River in 1831

Anot her early devel opnent was t he Rouquayr ol and Denayr ouze devi ce of 1865. This
set was suppliedwith air fromthe surface i nthe sane manner as t he Si ebe cl osed
hel net suit, and was fitted with an air reservoir so that the diver coul d detach
hinself fromthe air hose for a few mnutes. The first successful equi pnent
wi th an i ndependent air supply appears to have been devel oped and patented in
1918 by Chgushi, a Japanese. This system could be operated with a supply of
air fromthe surface or as a SCUBAwith an air supply cylinder carried on the
back. The diver controlled his air supply by triggering air flowinto his nmask
with his teeth. Another SCUBA was devi sed by Le Prieur in 1933. In this set
the diver carried a conpressed air bottle on his chest and rel eased air into
his face mask by opening a tap

I n 1943 Coust eau and Gagnan devel oped the first SCUBAi ncorporating an autonatic
demand val ve to rel ease air as the diver inhaled. This valve was triggered by
the diver’s breathing and so the diver was no | onger required to operate a tap
to obtain each breath of air. Wth this valve, which was pressure conpensat ed
so that changes in depth did not affect its function. Cousteau and Gagnan
i nvented the SCUBA as we know it today.

During the time that these people were working to devel op the nmodern SCUBA,
ot hers were working on rebreathing sets that supplied the diver with oxygen
They devi sed a closed circuit set that supplied the diver with pure oxygen and
renoved t he carbon di oxi de he produced. These sets are often cal |l ed SCUBA, but
t hey shoul d be consi dered separately because of the difference in principles
i nvol ved.

The first successful rebreathing set was desi gned by an Engli shman, HA Fl euss,
in 1878. This was an oxygen set in which carbon dioxi de was absorbed by rope
yarn soaked wi t h caustic potash. Because of the absence of |ines and hoses from
the diver to the surface the set was used in flooded nmines and tunnel s where
the extra nobility, conpared to the standard ri g, was needed. Great risks were
taken with this set and its successors, because the work of Paul Bert on oxygen
toxicity was not wi dely publicised. This equi pnent was the precursor of oxygen
sets used in clandestine operations in both world wars and of other sets used
in subrmarine escape, fire fighting and ni ne rescue.

The mlitary use of divers in nodern warfare had, until 1918, been largely
restricted to the salvage of danaged ships, clearing of channels bl ocked by
wrecks, and assorted ships’ husbandry duties. One significant clandestine
operation conducted during the First Wrld War was the recovery of code books
and nine field charts from a sunken German subnari ne. This was of nore
significance as anintelligence operation, althoughthedivingactivity was al so
kept secret.
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During the First Wrld War, Italy devel oped a human torpedo or chariot that was
used in 1918 to attack an Austrian battleship in Pola Harbour. The attack was
a success inthat the ship was sunk, but it coincidedwiththe fall of the Austro-
Hungari an Enpire and the ship was already in friendly hands! The potential of
this method of attack was not overl ooked by the Italian Navy who put it to use
inWrldWr Il withdivers wearing oxygen rebreathing sets as underwater pilots.
Inpassing, it isinterestingto note that the idea of the chariot was suggested
tothe British Adnmiralty in 1909 and Davi s t ook out patents on a small subnarine
and hunman torpedo controlled by divers in 1914. This, in turn, was pre-dated
by a one-man submari ne desi gned by JP Holland in 1875.

Di vi ng research during the period of the Second Wrld War was | argely confi ned
to inproving equipnent for use in offensive operations. Exploits of note
i ncl uded those of the Italian Navy, using divers to attack ships in Gbraltar
and Al exandria. After a series of unsuccessful attenpts with loss of life they
succeeded i n si nking several shipsinGbraltar harbour innmd 1941. Later that
year three teans managed to ent er Al exandri a harbour and danmage two battl eshi ps
and a tanker. Even Sir Wnston Churchill, who did not often prai se his enem es,
said they showed “extraordi nary courage and ingenuity”.

InGbraltar aspecial type of underwater war evol ved. The Italians had a secret
base in Spain, only six mles away, and | aunched several attacks that were opposed
by a group of British divers who tried to renove the Italian nines before they
expl oded. On at | east one occasion the British arrived before the Italians had
left and an underwater battle ensued.

Divers fromthe allied nations made several successful attacks on eneny ships
but their nost inportant offensive role was in the field of reconnai ssance and
beach cl earance. |n nbst operations the divers worked fromsubnari nes or snal |
boats. They first surveyed the approaches to several potential |anding sites
and after a choi ce had been nade t hey cl eared t he obstructi ons that coul d i npede
the land craft. One of the nore fanmous exploits of an Anerican group was to
| and prematurely and | eave a “\Wl cone” sign on t he beach to greet the US Mari nes
spear headi ng the invasion of Guam

The research back-up to these exploits was |largely devoted to inprovenent of
equi prent and t he i nvesti gati on of t he nature and onset of oxygentoxicity. This
wor k was i nportant because nost of these offensive operations were conducted
by di vers wearing oxygen breathi ng appar at us.

The use of oxygen/nitrogen m xtures for diving was ori gi nated by Si ebe, Gornan
and Co. Ltd. between the wars for use by the Royal Navy in conjunction with
standard divingrig. It was based on an i dea proposed by Sir Leonard Hill. The
advant age of t hi s equi pment was t hat by i ncreasi ngtheratioof oxygentonitrogen
in the breathing gas one can reduce or elininate deconpression requirenents.
It is nornally used with equi prent in which nost of the gas is breathed again
after the carbon di oxi de has been renoved; this allows reduction of the total
gas vol une required by the diver. The self-contained sem -closed rebreathing
apparatus was a war-time advance and was first used extensively by divers
clearing mnes. This devel opnent was conducted by the Adniralty Experinental
Diving Unit in conjunctionwith Siebe, Gorman & Co. Ltd. The change to a self-
cont ai ned set was needed to reduce t he nunber of people at risk fromacci dental
explosions in nine clearing operations. The reduction, or elimnation of
deconpression tine was desirabl e in increasing the diver’'s chances of survival
i f something went wong. The equi pnent used was constructed fromnon-nagnetic
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materials to reduce the change of activating magnetic nmines and was silent for
wor k on acoustically triggered m nes.

The search for means to all ownan t o descend deeper has been a conti nui ng process.
By the early twentieth century deep diving research had enabl ed di vers to reach
depths in excess of 90 netres; at this depth nitrogen narcosis incapacitated
nost nen.

After the First Wrld War the Royal Navy diving research was desi gned t o ext end
t hei r dept h capability beyond 60 netres. Equi pnent was i nproved, the subnersible
deconpressi on chanber was introduced, and new deconpressi on schedul es were
devel oped usi ng oxygen breat hi ng, to reduce deconpressiontine. D ves were nmade
to 107 nmetres, but nitrogen narcosis at these dept hs made such di ves unr ewar di ng
and dangerous.

In 1919, an Anmerican scientist, Professor Elihu Thonpson, suggested that
ni t rogen narcosi s coul d be avoi ded by usi ng heli umas a repl acenent for nitrogen
inthe diver’s gas supply. At that stage, the idea was hardly practical because
hel i um cost over US$2, 000 per cubic foot. Later the price dropped to about 3
cents per cubic foot, follow ng the exploitation of natural gas supplies which
cont ai ned hel i um Researchintothe use of heli umwas conduct ed duringthe 1920’ s
and 1930's; by the end of the 1930's conpression chanber divers had reached
150 nmetres and a wet dive to 128 netres was rode i n Lake M chi gan. Between the
two World Wars the USA had a virtual nonopoly on the supply of helium and so
donmi nated research into deep diving,

The possibility of using hydrogen instead of heliumin gas m xtures (for deep
diving) was first tested by Arne Zetterstrom a Swedi sh engi neer. Hi s pi oneering
wor k on t he use of hydrogenin adiver’s gas m xture has not been fully devel oped.
He denonstrat ed t hat hypoxi a and ri sks of expl osi on coul d be avoi ded i f the diver
used air fromthe surface to 30 netres, changed to 4% oxygen in nitrogen and
t hen changed t o 4%or | ess oxygen i n hydrogen. In this manner the diver received
adequat e oxygen and the formati on of an expl osi ve m xt ure of oxygen and hydr ogen
was prevented. In 1945, Zetterstrom dived to 160 netres in open water.
Unfortunately, an error was made by t he operators controlling his ascent. They
haul ed him up too far and he died from hypoxia and expl osi ve deconpression
si ckness. The error was accidental and was not related to his deconpression
schedule. Interest in hydrogen for use in deep diving has not been great, but
n ce and nonkeys have been pressurised to over 1000 netres on oxygen/ hydrogen
m xtures. The relative cheapness of hydrogen conmpared to helium and the
probability of a helium shortage, may nmean that hydrogen will eventually be
wi dely used in deep dives.

The cost of gas, conbined with a desire to increase the diver’'s mobility, has
encouraged the devel opnent of nore sophisticated m xed gas sets. The nost
conpl ex of these have separate cylinders of oxygen and diluting gas. The
conpositionof thediver’'sinspiredgasiscontrolledbytheactionof electronic
control systens which regul ate the rel ease of gas fromeach cylinder. The first
of these sets was devel opedinthe 1950’ s, but t hey have been refined and i nproved
since then.

One of the nost inportant developing fields in diving since the Second Wrld
War is that of saturation diving. Behnke suggested that cai sson workers coul d
be kept under pressure for |ong periods and deconpressed slowy at the end of
their job rather than undertake a seri es of conpressions, and ri sk deconpr essi on
si ckness after each. Bond and others adopted this idea for diving. The first
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of these dives involvedtests on ani mals and nen i n chanbers, thenin 1962 Robert
Stenuit spent 24 hours at 60 netres in the Mediterranean Sea off the coast of
France.

Progress was rapid with both the French inspired Conshel f experinents and the
Aneri can Seal ab experi nents seeki ng greater depths and duration of exposures.
In 1965, the forner astronaut Scott Carpenter spent nonth at 60 netres, and 2
di vers spent 2 days at a depth equival ent to al nrost 200 nmetres. Unfortunately
peopl e paid for this progress. Lives were |lost and t here has been a significant
i nci dence of bone necrosis induced by these experinents.

In npost saturation diving systens, the divers either live in an underwater
habitat or in a chanber on the surface. |n the second case, another chanber
i s needed to transfer themunder pressuretoandfromtheir work site. Operations
can al so be conducted from snmall submarines or subrersibles with the divers
operating froma conpartnent that can be opened to the sea. They can either
nove t o a separate chanber on the subnmarine’s tender or renmain inthe subnarine
for their period of deconpression. The use of this offers several advantages.
The submari ne speeds t he di ver’ s novenent around the work site, provides better
lighting and carries extra equi pment. Also, a technical expert who is not a
di ver can observe and control the operation fromw thin the submarine.

Qperations involving saturation dives have becone al nost routine for work in
deep water. The stimulus for this work is partly mlitary, but the oher ngjor
requi renent is the exploitation of oil and natural gas fields in deep water.
The needs of the oil conpani es have resulted in strenuous efforts to extend the
depth and efficiency of the associated diving activities. Diving firms are now
prepared to sign contracts that may require themto work at 460 netres.

Man is pursuing other avenues in his efforts to exploit the sea. One involves
diving in a suit in which the internal pressure is the same as sea |l evel and
there is the radical concept of liquid breathing.

Arnoured diving suits withstand the pressure exerted by the water and al |l owt he
di ver to avoid the hazards of increased and changi ng pressures. 1In effect the
di ver becones a snall subrmarine. The nobility and dexterity of divers wearing
earlier arnoured suits were linited and they were not wi dely used. The newer
suits such as the British ‘Big Jinmi may become an accepted piece of diving
equi prent m dway bet ween a diver and a srmal | submarine. They can be fitted with
claws for nanipul ati ng equi prent.

Experiments invol ving the breathing of liquids in which the |ungs are fl ooded
and the body supplied with oxygen in solution are still in the prelimninary
experinental stages. Sone of the results obtained show promni se; mce breathed
liquids for up to 18 hours and the first human subject survived experiments
i nvol vi ng fl oodi ng of one lung. Technical difficultiesinvolvingcarbon di oxi de
transport have hi ndered devel opnent of this concept. The potential advantages
of breathingliquids arethe elinination of deconpression sickness as a probl em
freedomto descend to virtually any depth and the possibility of the diver
extracting the oxygen dissolved in the water





