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SPUMS SCI ENTI FI C CONFERENCE - SUVA - JUNE 1978

The follow ng precis of the paper has been prepared by Dr John Knight.

THERMAL PROBLEMS OF DI VI NG
G en Egstrom

In 1965 Cousteau stated that cold was the biggest problemfor divers. It still is.
Water tenperatures in California vary between 5°Cor a bit noreinwnter to the | ow
20s in sumrer. These tenperatures require good thermal protection if the diver is
not to get thoroughly chilled. Even so cold terninates many di ves and di vers shi ver
when they cone out of the water.

Humans can adapt to col d. Thi s was denponstrat ed by st udi es of t he Kor ean di vi ng wonen,
or Ama, carried out in 1966. They dive without protection or insulation. They are
fitter than their non-diving conpatriots. They dive two three hour shifts aday with
athirty mnute break between sitting by a fire. They free dive in shallower water
up, to 10 netres, once every two ninutes. For deeper dives, up to 30 netres, they
use a wei ght to take themdown. They average a bottomtine of a mi nute. At 30 netres
t hey di ve once every four mnutes. They have real col d adaptation with a rai sed BVMR
and a |l ower shivering threshold. Measurenments showed that they voluntarily stop
di ving when they reach a rectal tenperature of 34°C

The best insulationis adry suit. There was an Anerican in the 1890s who had nmade
areputationin wi nter rescues at sea. A rubber manufacturer made hi ma wat er pr oof
suit to help himin his rescues. It was so efficient that he was able to have it
devel oped into a drysuit which allowed himto float down rivers all over the world.
Thi s principle was taken up during the Second Worl d War when an i mrersi on suit over
flying clothes effectively prolonged survival in Arctic seas many tines. Until the
advent of the i mersion suit the pilots of crashed pl anes were dead when pi cked up,
often within five or ten mnutes of ditching.

The wet suit works by trapping a | ayer of water agai nst the body. This | ayer warns
up to skin tenmperature and is insulated fromthe rest of the ocean by the bubbles
i nthe neoprene. Wt suits are conpressed wi th dept h and so becone nuch | ess ef fi ci ent

i nsul ators. For best resultsthe hood shoul dbeintegral withthejacket, whichshould
have a spine pad, tofill the vertebral gutter and reduce water novenment in the suit.

The nost efficient wetsuit i s skintwo sides (snooth both sides) asthisisthemninmm
surface area. Textured wetsuits have an extra surface area of about 30% This | eads
to extra evaporative cooling out of the water. Nylon 2 has even nore extra surface
area to | oose heat from

El ectrically heated suits have been tried and found wanting as there are troubles
with wires breaking at novenent points.

The best met hod of addi ng heat to the diver that is in use at the nmonent is the hot
wat er suit. Hot water i s punped down to the diver through anunbilical. The unbili cal
restricts his nobility by one third.

Dry suits are excellent insulation, but have buoyancy problens. Thermal regul ation
is controlled by the hypothal amus and is automati c.

Man functions in a range of +3°C. He is incapacitated soon after exceeding these
limts. The confort rangeis only 1.5°Ceach way and t he body under goes consi der abl e
changes tonmaintainitself inthis range. Man contains about 6,000to 7,000 cal ori es.
He devel ops problens if he | oses or gains 300,000 calories.
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When cor e t enper at ure drops 1°C net abol i ¢ heat productionis increased, and shivering
starts if it has not already started. Wen the body is cold, and is renoved from
the cold environnent, the core tenperature continues to drop, the afterdrop, which
can be as much 2°C. This can cause problens with cardiac action.

Vasoconstriction and continuing cold eventually | eads the cold dilatation. Herethe
bl ood vessel s becone tenporarily unconstricted, allowi ng normal blood flow. This
warms the extrenmty, and heat |loss rises. Then the blood vessels contract again.
The process is repeated at intervals.

If you get hypotherm c enough to stop shivering and feel good, you are likely to
vasodi | ate due to | ack of central control as you have little heat production you | ose
heat very rapidly.

At 34° Cthere is a definite drop in performance. Below that performance is very
poor .

A well protected diver in a quarter inch wet suit will denobnstrate a decrease in
efficiency after an hour at a water tenperature of 65°F, he has a 30%I oss at 40°F.
Sinple well learnt tasks are |l ess affected than conplicated | ess well |earnt ones.
Fine digital manipul ation suffers an 80%I! oss after one hour in cold water. Manual
assenbly offers a 60% | oss.

High heat |oss areas are the head, which has virtually neither insulation nor
vasoconstrictive capacity, base of neck, sides of chest and axillae, and the groins.
Thi s has been denonstrated by thernography.

Heat adaptation; those from hot clinmates feel colder in cold water than those
accustoned to the cold water. Wen you nove to the tropics you dive without a wet
suit at first, but soonfindthat awet suit i s necessary to preserve thernal bal ance.

Hayward et al. have shown slower cooling in water if groups huddle close or if
i ndi vi dual s adopt Heat Escape Lessening Posture. This is a significant inprovenent
over drown proofing as you keep your head out of the water and so | oose | ess heat.

Divers are not only at risk fromcold, for two nen died in the North Sea oil fields
fromhyperpyrexia. A conbination of circunstances resulted in extra pressure being
added to a warned chanber and the heat | oad of conpression was fatal.

In saturation diving divers | ose weight. Some of it is water |oss, but some of it
is body tissue. Upto 25 1b have been | ost by divers in saturationin the North Sea.
By | osi ng body wei ght the diver | oses heat tolerance. The | ean | ose weight faster
than the fat.

Rewar m ng nmet hods range fromhot baths, to i nhal ati onal warni ng (whi ch has probl ens
to overcone) to passive warning.

Hayward et al. have designed a jacket, which | ooks |ike a thick w ndproof slicker,
whi ch has quarter inch neoprene inside it, whichis for use on boats or watersides.
If youfall inthe jacket is buoyant and fl oats you had up, and thereis a flap inside
which allows it to convert to the top half of a wet suit so providing good thernal
protection. The U-Vic Thernofloat is available in Australia fromProtector (safety
equi prent firm.
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