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THE | MVEDI ATE MANAGEMENT OF THERMALLY UNBALANCED CASUALTIES IN THE FI ELD
Dr David A Youngbl ood MD, MPH and TM

Thi s paper was presented at the Sem nar on Thermal Problens in Diving held at the
Commerci al Diving Centre, Wl mington, California, 19-20 March 1976 and host ed by t hat
organi sation. W are grateful to the Author and the CDC for permi ssion to reprint
this i nportant paper. Copies of the Proceedings of the Sem nar are avail abl e at $US
6.50 fromthe CDC. References to the other contributors have been all owed to remain
unt ouched in this paper.

Fromlistening to the previous | ectures, | have conme to sone concl usions. The first
one i s that “Man was not neant tofly”. | thinkthat man was not nmeant to dive, either,
after what we have heard for the |ast day and a half. | gave it sone thought |ast
ni ght, early this nmorningandduringlunch, and| have concl uded t hat per haps we shoul d
adopt Di ck Longs’ “SystemApproach”. Manis very poorly adapted to diving, but wonen
are apparently rmuch better adaptedto diving. It is ny feeling that those of us here
who are invol ved i n professional diving should sinply supervise and | eave t he di vi ng
to wonen. No, |'mserious. Wnen have a nuch better distribution of subcutaneous
fat and al so those areas have been denonstrated as hi gh heat | oss areas - the hands,
t he head and the feet - are proportionately snmaller. Alsothe genital regi on doesn’'t
have as nuch surface area, so maybethisisreallythe answer to sone of our questi ons.
It should nake |i fe happier on the rigs and barges, at any rate, and that all ows both
a physi ol ogi cal and an ant hroponor phic reason to justify my “Systens Approach”.

During this session we want to focus our attention on practical problens and find
ways t o apply known physi ol ogi cal principles. It will be our responsibility to apply
these facts to diving operations in order to save lives. W also want to stinulate
the imginations of the divers in the field. They may see opportunities which
researchers or physicians or engineers are not aware of, for the application of
scientific principles to solve practical problens.

I want to take the speaker’s prerogative, before | get into “nuts and bolts”, and
address one of ny pet subjects: the preventive aspect of diving nedicine. One of
ny i nterests has al ways been preventive nedi ci ne, and one of t he reasons | have chosen
toremainindiving nedicineis that | feel it is an area where preventive nedici ne
and preventive engineering can be applied with greater benefits than other fields
that | amfam liar withtoday. Indivingandaviation, the preventive nmedi cal aspects
have certain parallels. Mst people today, even nany pilots, do not realize howmuch
physi ci ans and engi neers wor ked together in the | ate 1930s and t hroughout Worl d War
Il to solve an awful | ot of problens in aviationsimlar tothe ones that we nowface
indiving. It was a genui ne co-operation and exchange bet ween t hese t wo pr of essi ons.

One of ny concerns i s environnental control and, i n ny opi nion, environnental control
in the diving industry today is i nadequate. There are lots of different systens,
and there has been a | ack of conmuni cati on anong the peopl e who design the various
systens. Every tinme a diving conpany wants an environnmental control system it
decides to designits own, so we end up with a hodge-podge of things. For instance,
within our own company, we had sixteen environnental control units on sixteen
different rigs, all inoperable for sixteen different reasons during the nonth of
August .
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Anot her point, which Paul Webb touched on earlier inthis neeting, is the fact that
we spend t housands and t housands of doll ars, and i ncal cul abl e anbunts of pounds and
gui neas and cents, trying to send a man down i nto this hostil e environment to perform
wor k whi ch demands two uni que human qualities: judgment and psychonotor skills. W
continually conprom se both of these qualities, man's judgnent and hi s psychonot or

skill, by either overheating hi mor underheating him You have seen physi ol ogi ca
evi dence that, whether too hot or too cold, the first thing affected is the brain
Such men cannot make good judgnents and they cannot performwell. | just reviewed

the design of alife support systemfor a device that is supposed to enable nen to
wor k effectively at 3000 feet. As proposed, thislifesupport systemwoul d have pl aced
the men i nside the device into a situation of severe oxygentoxicity well before the
cal cul ated duration of thelife support systemhad been exceeded. This ki nd of thing
just goes on over and over again.

But let me back nmy first point about prevention. To prevent accidents, which is
fundanmental | y why nost of us are here, we nust maintain the man’s cerebration, his
j udgnment and his manual dexterity. Mny, if not nobst, accidents begin because of
judgnent errors. Perhaps the nost common factor conpromi sing judgnent in diving

operations is chronic fatigue. | want to cite an exanple which | saw recently on
a rig which shows howthe | ack of a systens approach can cause probl ens years | ater.
Thi s happened aboard a drilling vessel inthe Adriatic off the coast of Yugosl avi a.

During t he desi gn of the diving system it was assuned by t he peopl e who were putting
it together that “Gee, it’s goingtothe Mediterranean and that’s a ni ce sunny pl ace.”
We have al |l seen the travel brochures. Constructing a control shack - a control van,
and having air-conditioned or heated, was just ignored entirely. 1In fact, it was
brought up at the tinme, but nanagenent said, “Man, you guys are going over to the
Mediterranean. W don't have that stuff in the Gulf of Mexico and you don’t need
it there.” W had always gotten by without them before, and so away it went.

Wwell, if they had asked ne, | probably woul d have said the sane thing, if | had been
inthe same situation of allocating doll ars and nmaki ng t hose ki nd of deci si ons. But
infact, the Adriatic off Yugoslavia in Novenber is subject to 70 and 80 knot w nds,
and tenperatures of freezing and slightly above. | don't recall thew ndchill factor
onthat, but it is pretty cold. To expect people to stand saturati on deconpression
wat ches outdoors, or wapped up in a jury-rigged tent, is asking a hell of a lot of
them To put a man on watch in one of the nbst dangerous situations possible, one
of extreme boredom in watchi ng gauges where a slight deviation of one could be
significant or foretell a disaster, where he is expected to make qui ck and accurate
j udgenent s because incorrect hasty judgenments can be fatal - and then expect himto
be abl e to mani pul ate a series of valves with half frozenfingers - thisis extrenely
poor planning. W got trough that all right, but only by standing short watches.
It was just toocoldto stay al ert and awake for | onger peri ods. Dutchy and | happened
to be there to add two nore peopletothe crew, but inthe usual situation there m ght
have been only two people available, three at the nost, to nan those watches. So,
inaddition to exposure factors, you have the fatigue factors that nount up over the
days to gi ve you anintol erabl e situation fromthe standpoi nt of potential accidents.

Nobody in the diving industry is quite ready to accept this yet, but | think we are
going to have to l ook at crew size. You might have to pay nore at the gas punp as
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aresult, but | thinkthat, ingeneral, we operatewithtoosmall acrew particularly
for I onger duration saturation dives. | think soneone who has expertiseinthis area
shoul d I ook i nto the situation and define opti mal wat ch-standi ng peri ods. Now, that
is not aterribly esoteric physiological problem but there has been sone work done
on it by NASA. A spacecraft would have its crewin a simlar situation, sitting on
one posi tion and wat chi ng gauGes. They say that the naxi rumtinme that you can expect
a man to be able to performoptimally under such clrcunstances IS about four hours.
HowevEr, in the diving industry, twelve hours is the conmon watch period. Sinple
little things like that, |I think, can be highly significant.

| was a bit angry at A enfor starting of f by tal ki ng about howit is better for divers
to be alittle chubby, because one of the problens that | have is trying to pronote
physi cal fitness anong conmerci al divers. |In general, they are anong t he nost unfit
peopl e i n i ndustry, and understandably so because, at least inrig diving, there are
hours and hours of boredom and inactivity punctuated by rare interludes of panic.
They sit out there for two weeks w t hout diving and are subjected to a very boring
situation and deni ed nost of the niceties of life. The only escape is to go to the
gal l ey every six hours, and eat too much. We tried an experiment in the North Sea
of putting bicycle ergoneters onrigs, and offered rewards to the crewthat pedal |l ed
the nost miles during a two week tour of duty. Things like that are worth trying
because poor physical condition decreases tol erancetothe typeof things we are here
to talk about: hypotherm a and hypertherm a

Adequat e nutrition and hydration certainly are significant as well, not only sinply
inthe long term either ~they are dam significant in the short termas well. No
commercial diver, | imagine, has ever conme back froma dive without being in a

relatively dehydrated condition. No effort is nmade to see if that man is at | east
adequately hydrated before the dive. One thing which | have advocated for years is
havi ng something to drink in the bell so that, when the diver gets back inside, he
can drink water, or |enbn squash, etc., preferably sonething with el ectrol ytes and
all those good things in it. These things can make a difference and can influence
deconpression. It can influence your resistance to heat stress and col d stress t hat
we have tal ked about.

W have t al ked about the types of build, and to | ook for synptons earlier as far as
t he hypotherm ais concerned. One of the problens that still plagues usis theinside
tender of the bell; he is the one who is getting deconpression sickness nore often
than the diver who is out in the water. There are several specul ations as to why.
It could be that he is colder inside the bell than the diver is outside. Also it
could be that they neglect running their scrubbers because of interference with
communi cati ons. Sinple operational things like this do matter. 1In general, we are
t oo sl oppy i n our operations and we need to i nprove. A diving conpany shoul d be abl e
to say: “OK, we have taken a systens approach, and we have | ooked at it, and we t hi nk
there are several little things that we can do that m ght significantly influence
our accident rate, and by God, all you guys in this area for the next six nmonths are
goingtodoit this way. Period. And we're going to gather the data on it and see
whet her it makes any difference”. Maybe the guys in another area don’t even know
about the “experinment”, but that kind of thing needs to be done. W have t al ked about
| aboratory experinments but this is an experinent that can be done offshore. This
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is a very sinple experinent. |t is an operational experinent.

There i s one nore area, which we did not quite touch upon, which concerns nutrition
and preparation for adive. | have seen one near casualty that | think | canattribute
tothis, and | just want to bring it up to warn others. People ask about al cohol.
We know what it can do in short term One of thethings it can doin the long term
however, i s cause hypogl ycaenmia. Inadditionto hypotherm a, and quite often | think
inconjunctionw th hypertherm a, a contributory cause of acci dents has been al cohol
i nduced hypogl ycaenm a. Divers by tradition are spree-drinkers. They do not drink
on the rig, but when they go ashore they often stay in a nmld degree of inebriation
for about two weeks. Cccasionally in the North Sea they arrive at the helicopter
pad and have to be hel ped onboard the helicopter. | have known several occasions
where they arrived on the rig and were i nmedi atel y asked to dive, have adnitted | ater
that they were actually drunk when they did. Now, that is one situation which is
bad enough to beginwith. What is worseis aguy whois alittle nore conscienti ous,
who says, “Well, |’ve been having a right good run ashore, and I’ ve got to go of fshore
about three days fromnow, so I’'mgoing to taper off”. Well, he does!

This is a perfect situation for reactive hypogl ycaem a. This man doesn’t even have
to be an alcoholic. He just has to have been drinking a fair anpbunt over a week.
I f he has been ashore longer, that just nmakes it nore likely to happen. This is
sonet hi ng t he FAA recogni zed years ago. |t happens to doctors and | awers who rmake
a lot of noney and spend it on airplanes. You know, they have three drinks, three
cocktails at night for a nmonth, and then they get two weeks of f and they decide to
fly to Catalina or the Gand Cayman or sonewhere in instrument weather conditions,
and the second day out they start to get alittle shaky and they are sweating. They
m ght end up in a thunder storm and under the stress of the situation they becone
hypogl ycaeni c, pass out, and then crash. This is aresult of sonething that happened
days earlier. Let me warn you that divers set themselves up for this particular
situation every crew change - either the situation where the diver has stopped al

al cohol intake three days before, or where he stops when he arrives out ontherig
drunk and is called to dive. Alcohol and exercise really aggravate hypotherm a

We had a nmysterious occurrence which turned out to be a near acci dent, where a di ver
was doi ng a 400 foot dive off Vietnam He canme back to the bell after the dive and
was getting up into the bell when he just |ost consciousness. There was never an
adequat e explanation for it, although, when he got back to Singapore, he had EEGs
and a real ly good neurol ogi cal workup. When | got the history of it, |I found he had
taken three days to get from Singapore to the rig. 1t probably was not his fault-
he had to go on about three different short haul airplanes and never checked into
a hotel, although he did spend the night in Sai gon before going offshore. This nan’s
entire diet probably consisted of al cohol in one formor another for three days, and
wi thin an hour and a half after arriving on board the rig he was | ocki ng out at 450
feet. And, gentlenen, that is not a good situation for several non- nedi cal reasons.
But for sound nedi cal reasons as well, it is very dangerous. Be advised, and beware
of simlar situations.

To sumup this section of ny talk, |I propose that every diving systemthat requires
prol onged deconpressi on wat ches, say, nore than eight hours, should have a contro
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van. The van shoul d have an envi ronnmental control systemas well as the DDC, which
means it should be airconditioned or heated so that the nman inside on watch stays
awake and confortable, nentally and physically prepared to nake the necessary
deci sions. Soneone shoul d consider a | ook at our watch schedules in the |ight of
saf ety and ef fi ci ency, and be awar e of the point | brought up about di vi ng and al cohol ,
and t he post hypogl ycaeni a.

| want to tell you a sea story. It is a true one and nost of the people invol ved
with diving will recognize a |lot of the things that went wong and why. | want to
tell you a bit about the Johnson-Sea-Li nk submari ne entrapnent, tell you sonme of the
t hi ngs that may seemperi pheral, but really are significant tothe overall situation.
| was there, and two of ny friends died in the submarine, and I know t he background
quite well. | want to tell you sone of the errors that we made. | share the
responsibility for becoming |ackadaisical in our attitude toward submarine
operations. W had been operating for nearly a nonth very successfully, training
ateamin shallowwater. W had gotten down to a snooth operation, had gotten into
a bad habit of allowing joy rides in the submarine as well. It was the seventh dive
on t hat wr eck when we got entangl ed. The fati gue factor was there, | knowfrompersonal
experi ence. Submarine operations generally require an 18 hour day because you are
up at dawn and charging batteries and running two or three m ssions, then thereis
al ways a nechani cal problemto correct. By the end of the day everybody sticks
together and works onit until it is over. The fatigue had been all owed to accumnul at e.
In fact before that dive we had been up until 2:00 in the norning. Nobody knows and
nobody can quantify how nmuch that applies to things.

The original dive plan did not include divers in the after conpartnent. It was a
m ssion to go down and pick up fish traps, and afterward we planned to go down and
do a | ock-out dive on the weck. W had done one | ock-out at that depth. W knew
it was cold, but we relied upon the diver’'s judgenent, and we did a | ock-out at 350
feet in bathing suits. W were going to wear wet suits the next tine, even though
we knew we woul d not get nuch additional protection. It was colder than we had
expected. W had actual |y neasured the tenperature onthe previous day for scientific
purposes, with a recording device that we had attached to the subrmarine, and | am
ashanmed to adnmit nowthat we were so unconcerned that we didn’t even look at it. W
knew it was sonmewhere around 55°to 60°F.

During the pre-dive briefing, we decided, “Well, a couple of guys want to go al ong
on an observation dive. No |l ock-out. Just ride along for famliarization with the
sub”. dayton was only there for the weekend. 1t was a |ast m nute decision, and
t hey wal ked back and got into t he submari ne weari ng sport shirts and short pants and
tennis shoes. It was stupid for us to allowthat, but we had done it so nmany tines
and gotten away with it, just as all of you have in various diving operations, that
we sinply were not concer ned.

There was sone | ack of foresight in design. The acrylic sphere in the forepart of
t he subnari ne was an excellent insulator. In fact, | nearly died of hyperthern a
init in another episode, where | got trapped on the surface and coul dn’t be pi cked
up after the air-conditioner failed, but that's another story. Al um nium even if
it is very thick, is a very good conductor. That was sonet hing we had really not
t hought about. The after conmpartnent - the diver conpartnent - should have been
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i nsul ated, but we had never felt any disconfort before because it had usually been
operated at one atnosphere or pressurized only with air.

We al | knewof the | oss of efficiency of sodasorb scrubbers as t enperature decreases,
but we real | y had not t hought al ot about t he consequences. W knewt he seatenperature
was 55°t°8°F  and we knew we had pl enty of sodasorb to | ast the duration of the dive
we had pl anned. The suggesti on had been made that we shoul d use |ithiumhydroxide
or at least carry lithiumhydroxide for enmergencies, but it had been turned down on
the grounds that it is too expensive. It costs $7.00 a pound versus 65¢ f or sodasorb.
You know that is an easy kind of situation to get into when naking those ki nds of
deci si ons. Li t hi um hydroxi de costs several tines nore, and we had al ways used
sodasorb. Lithiumhydroxideis toxic, as well. Let’s not bother. The fact is that,
i f youlook at the overall cost of a diving operation and count the capital investnent
and t he depreciation onit and things of that sort, the difference between sodasorb
and lithium hydroxide in any situati on where you may be exposed to cold is sinply
insignificant. So you ought to consider having |lithiumhydroxide avail able for an
energency entrapnment situation. | am sure you are all aware that the scrubbing
characteristics of Ilithium hydroxide are very good. Bet ween 70° and 35°F t he
efficiency falls off very little, whereas sodasorb falls off to practically nothing
at 35°F. These were all things we could have done earlier.

W had t hought about the possibility of entrapment, and, in previous operations with

diving bells, | had always insisted on having bolt cutters on board when | was in
the bell. But we had not done it; we had promised to do it the next tine we were
in port.

Little things li ke that creep up on you you know. One of ny pet tenets of phil osophy
is the well known “Mirphy’s Law’ and | think at sea it applies one hundred percent
of thetime: if anything can gowong, it will gowong. Andif thereis a possible
chai n of bad events, it probably will occur in that chain and not just one at atine.

Wel |, the submari ne went down on a routine mssion, triedto pick up the fish traps,
got entangled in awre froma radar target on the ship, and that is where “Mirphy’s
Law’ canme into play - the nmonent that the subnmarine becane entangl ed.

The submarine had three notors aft, nounted vertically. The pilot had a red |ight
on his control board indicating a top notor failure. The submarine was hung up and
the pilot knew he had fouled a wire. He could | ook back and see the wire, but he
could not quite see where it was going. And just then, practically sinultaneously,
t he not or goes out. So everybody assuned t hat the cabl e was fouled in the propeller.
We found out later that the wire was not in the propeller. 1t was fouled in a snap
hook, a snap hook on t he starboard side of the submarine. The hook didn't even need
to be there. At one tine there was a necessity for that snap hook, but when that
necessity ceased, since it was a potential hazard, that snap hook shoul d have been
renoved. But that is the overall thinking | amtrying to stress. It needs to be
applied to these kinds of systems. Fromthat point on, everything went downhill.

The nen in the forward conmpartment, even though their scrubber notor failed, were
able to i nprovi se a scrubber. They took their shirts off and | ay sodasorb onto t hem
to fashion enmergency scrubbers which perfornmed adequately for the entire 36 hours
or so that they were trapped. They had acrylic to insulate themfromthe cold. The
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people in the after conpartnent, who were in an air atnosphere initially, started
to get very cold, they started getting CO, buildup. As the CO, buildup became nore
and nore severe, the only alternative was to go onto the BIBS. One of the things
we had neglected to really think about operationally was, “Wat happens when you go
on a BI B systemwhen you're at 350 feet and you don’t have an overboard dunp?” Well,
the exhal ation starts to pressurize the conpartnent. It is all very easy to see after
t he acci dent, and per haps soneone el se has t hought of it, but I had not really t hought
about it uptothat time. Wthin an hour and a half or so, they had pressurized by
exhal ati on al one to over 80 FSW Nearly 100 FSE, we thought. It turned out to be
100 feet because the gauge, the Cai sson gauge i nsi de, had gotten out of calibration.
At that point, we switched the BIBS to heliox which nade the situation worse. W
switched the BIBSto heliumto protect the people fromnitrogen narcosis andto reduce
deconpression tinme when the rescue vessel arrived.

Wl |, the colder they got, the faster they breathed. And the faster they breathed,
the nore they pressuri zed the conpartnent. Wthin about four hours the bottomhatch
open equal i zed at 350 feet. They were trapped in a predom nantly heliox at nosphere
in shorts, tennis shoes and shirt, and they were really cold, really suffering all
thistinme. Their judgnent probably was startingto be affected, because at t hat poi nt
one rescue attenpt had been made and had failed, and | estimated from Q, parti al
pressure that they had from45 ninutes to maybe an hour and a half of consci ousness
| eft, but probably not norethan 30 mi nutes of effective operational tine. | suggested
to Jock Menzies that they lock-out and try to free the submari ne and we di scussed
this back and forth for a while. There was no way we could force themto get out,
and they elected not to get out because they were under the assunption that there
was a wire in the propeller and they did not have the tools and doubted they woul d
be able to free it. They felt that their functional decrenment was too great. They
had the diving gear to do it, which was sonething that was m srepresented in the
reports. They coul d have nmade a | ock-out. That was the real tragedy of the situation
inretrospect. There was one wi re hooked under the snap hook, a hook with a spring
mouse on it. Had they known, | still believethat, at that point, they had sufficient
and physical power left to do a breath hold dive fromthe hatch up to that wire and,
wi th one hand, press in that spring- | oaded nouse and pull that wire down and then
get back into the submarine. But that is not the way it turned out.

So. Let’s reviewone nore time some of the things we neglected. W did not review
our operationin asystemati c manner. We were too optimstic. W did not anticipate
all the possible bad things that coul d happen. Well, unless you do t hose things you
are going to get caught by “Mirphy’ s Law’.

Hypot herni a

To introduce the inmmedi ate nmanagenment of hypothermia in a friendly spirit of
di sagreement, | will junp right in where Larry Raynond | eft off yesterday, saying
“Well, it's not really an energency anyway. Get the guy back into the bell, bring
hi mup on deck and transfer hi minto the DDC and you’ ve got plenty of time to rewarni.
Based on ny experience, | should say first of all, you will have a lot of trouble
getting the diver into the bell. Secondly, once you get himinto the bell, you are

goi ng to have troubl e cl osing the hatch; the “O ring probably will drop out, better
have a spare. And inthe third place, after you have surnounted all these obstacles
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and gotten the diver into the bell, the winch will probably fall. So, what | want
to focus on are the ways to treat these casualties and others that require i nmedi ate
treatment. In ny feeling, acute onset hypotherm a, of the degree that is possible
at 1,000 feet breathing helium is areal energency that requires i mediate treat nment
if it is available. | will take that stance for the sake of the discussion.

Now, what should we do? The first thingto dois torenove the victimfromthe cold
environnent. You should at |east renove himfromthe water. That is a col der
environnent thaninthe bell. Alot of the bells | have seen are not even adequately
equi pped to renove a diver fromthe water if he i s unconsci ous, and unabl e to assi st.
First of all, you ve got to have a harness. You ve got to have a harness that picks

himup in a position so that he is able to breathe, assuning that he is still able
to breathe, or, if he is not able to breathe, a harness that assures an open and
accessi bl e airway so that you can breathe for him | would be willing to wager that

sonet hing | i ke 60 percent of your harnesses will not allowfor the fact that you are
goi ng to pick the di ver up by a sinpl e chest harness with a pi ck up point inthe back,
and the diver’s head will be held forward and down by a heavy hel net or mask i n such
a manner that his airway is shut off automatically. So the practical solution to
this problemis to devise a harness that picks up fromsone point on the front of
t he chest.

You’ ve got to have a harness on the diver, you ve got to have the pick up point in
the right place, and you’ ve got to have awinchtolift him W have rigged tackles,
all different sorts, and you end up with lines running everywhere, all tangled up,
and the bl ocks capsize. It really does not work. It works in the dry, it works in
the drills, but “Murphy’s Law' applies here, too, and in a genui ne enmergency it will
fail. A very nice device does exist: | don't even know the trade name of it, but
Di ck Long probably sells it. It really works and it is one of these aircraft cargo
wi nches with a ratchet drum But you don't take rope and put it on the drumwth
the ratchet, that's too slow. You run the rope through it for four turns, so that
you have atail onit that you can pull to get the diver up and into the bell hatchway.
At that point you can crank the ratchet to help pull himup into the bell.

The second thing, if you do not have a winch or if the one you have does not work,
istoget himinside the bell by flooding. Practice it. Have your scrubber out of
the way so that you can fl ood the bell hal fway, and then float the diver through the
hatch. It really works well when all else fails.

Once you get himin there, assune the worse possible situation. H s heating system
probably has failed. He is at 1,000 feet and both his suit and his respiratory gas
heati ng systens have failed - despite the fact that you have redundancy through t he
entire system ie., you have two punps and two heaters or at | east an alternate source
of heat.

One shoul d be enough, but Dick Long has been granted i munity from“Mirphy’'s Law
SO you can just get by with one of his, but we try to have one Dick Long unit and

one alternate systemfor heating water, just in case.

Open- circuit hot water suits are the greatest thing that has cone al ong, but | woul d
like to see sone nore enphasis and ingenuity devoted to closed-circuit hot water
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suits, because they can continue to work inside the bell. The bell tender is the
guy who i s nowgetting the cold exposure. W could elimnate sone of the variabl es
fromour deconpressi on and ot her t hi ngs by havi ng bot h di vers at t he sanme t enper at ure,
both t he bel| tender and t he di ver, and t hey coul d even stay at a constant tenperature
during the adiabatic cooling during deconpression. When you consider | ock-out
subrersi bl es, | do not see any practical engi neering possibilities other than cl osed-
circuit suits. W would welcone them from anyone at a reasonable price.

Now renenber if you have a total hot water failure, you have about 20 mi nutes before
the body core tenperature starts to fall off rapidly, so you have tinme to get back
intothe bell and get t hi ngs squared away. But you nust al so remenber that respiratory
heat | oss begins imedi ately, soif youdoendupwth aclosed-circuit suit andthere

is afailure in the water, don’t say, “Wll, |'ve got to finish the job. And they
told me | had 20 minutes before ny core tenperature starts to drop because |’ ve got
adry suit on”. Don't doit, man! Wile you have the chance, get back in the bel

before you start to be affected by respiratory heat | oss.

K, we’ ve got the diver backinthebell. W have overcomne all these sinpl e seamanship
probl ens, and he is back in there and the hatch is closed and there is an “0” ring
under it and you' ve got the hose taken care of - cut it away, let it go soit won't
be i n your way. You don't knowthe core tenperature because we don’t have nonitoring
systens yet.

The patient is unresponsive; he doesn’'t have any detectabl e pul se. You are | ooki ng
for a carotid pul se which, if you have a backlift harness, you are not going to be
able to reach. What are you going to do? Here is a cookbook approach: first thing
you ought to do with the diver, when you get himup into the bell and his head out
of water, is to give hi mi medi ate mout h-to-nouth resuscitation. That is the warnest
gas you have around at t he nonent and he i s not breat hing very well, sodon’t hesitate.
As soon as you get himout of the water, breathe for himand then proceed with al

t hese ot her details, and every chance you get, stop and gi ve hi ma f ew br eat hs because
his brain cells are dying all the tine.

XK, let’'s look. Wat assets do you have, now that you have the diver in the bell?
If you had to flood the bell, you nowblowit dry. Let’s hope you have a situation
that will allowyou to blowit dry. What do you have on hand that you can use to
revive hin? Maybe the hot water is back on line. Probably, if you had a failure,
it was sonewhere topsi de and by now perhaps it is repaired. You should have your
systemmani f ol ded so t hat you can nowuse your hot water suit, open-circuit or cl osed-
circuit, inthe bell. W discussed controversies about warm ngthe extrenities, etc.
You don’t have a whole |ot of choice in the bell because they are very small, and
for you to get into a position where you are able to perform cardi o-pul nonary
resuscitation, you are going to have to have hi mlyi ng down on top of the i nner hatch
and probably on top of a coil of hose. You are going to have to have his | egs and
arnms out of the way and that probably nmeans throwi ng a hitch around his ankles and
trussing hi mup somewhere so that you can get to him You will be rewarm ng himin
al nost the position described for useinatub, ie., keeping the extrenities out and
el evated. But frankly, it doesn't really make a damm bit of difference. | would
not worry about the acidosis; | would not worry about the blood in the extrenties;
I would try to get hot water going over him because the alternative in this
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circunstance is al nost invariably death, and al nost anything you do is going to be

correct. It is going to help him | hope that the hot gas nethod is going to be
alifesaver inthis situation, although | admt that nore work needs to be done and
nore and nore neasurenents made. | hope that sonebody will start maki ng t hem soon.

But you have t he apparatus to adm ni ster hot gas; you have a diving hel met, or a nask
with a heat exchanger, and your heat is back on line, so start giving himhot gas
again. You want warmgas to go over his head, because 40 percent of the heat |oss
can occur fromthe head. This is exclusive of respiratory loss, which is the main
thing we are concerned with in a hyperbaric situation. Take advantage of any avenue
towarmthe victim and if you have a hel met, put it on him You do not have to fasten
it down, but just put it on himloosely so that you have a constant flow of warm
breathing mi xture over the victinms head, as well as into his |ungs.

Wll, what are the liabilities in this situation? You are probably at |east a half
an hour away fromthat DDC, even in the best operational situations. | amtalking
about after you have gottenthe diver intothe bell, gottenaseal, |eft bottom passed
t hrough the i nterface, gone through the probl ens of transfer, etc. Now, suppose you
have a total heat systemfailure, and the hot water does not cone back on |ine? This
is where | would think that central rewarmng is going to be the nost val uable
energency device, beside the well-trained diver, that we can have in the bell. |
do not think a device exists yet in any respectable form Studies need to be done
to seeif any damage i s done. The t wo peopl e who have done work wi t h central rewarm ng
are Lloyd in Scotland and the people in Vancouver.

The data from Vancouver does show the after drop in core tenperature with central
rewarning. They did not use the sane device that Lloyd did. They were cooling the
subjects in sea water, and they had themout on a ship where they had a tub to put
themin, with a respiratory rewarm ng device. These subjects had to clinb up the
side of the vessel when they got down to 34° or 35°F rectal temerature  They cl i nbed out
of the water by thensel ves and wal ked across the deck and got into the tub and began
to use the central rewarm ng device. It is possible that the difference in the data
onthe afterdrop coul d occur fromtheir exertion and novenent in clinbi ng up and goi ng
across the deck.

W have heard Dr Raynond tal k about the di sadvant ages and the possi bl e danger, so
bear themin mnd and don’t go running out and jury-rig these things and use them

unadvi sedly. Wereally require further research onit. However, | would be willing
to say, given Lloyd' s cases in Scotland plus the work in British Colunbia, that if
you have no ot her source for rewarm ng a diving casualty outside a bell, the tub of

warmwat er i s an acceptabl e emergency formof rewarm ng in this acute situation and
| would use it. But | may regret these words one day.

Dr Lloyd found no after drop in core tenperature, so you do not have the rewarm ng
collapse. He feels like this formof rewarm ng warns the brain earlier than putting
soneone in a tub and running hot water over him It has not been proven in hunans,
that | know of, but there have been dog experinents in Germany which claimthat the
vasonotor centre in nedul | aceases to function at about 81°F. Col d-tri ggered i npul ses
fromt he ski n may keep t he bl ood pressure el evated i n an acute hypertherm a situation.
There i s a danger here of dunpi ng sonebody into a tub who has been through all this
cold and hydrostatic pressure effect, and who now has an inadequate circul atory
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vol ume. These investigators feel that the central rewarmnm ng mght heat the brain
first and wake up the vasonotor centre, thus allowing the body to get alittle edge
on the situation by peripheral vasoconstriction. This could avoid, or at | east help
of fset, the hypotension that may occur if a hypotherm c person who i s vol une depl et ed
is rewarned peripherally instead of centrally.

Are you famliar with Lloyd’ s device? It is different, | think, fromthe Canadi an
one. The mountain rescue teans in Scotland use it. It is just a sinple canister.
This isincross- section. It iscalledawatters canister, ato and fro anaesthesia
circuit, with an oral nasal mask. There is a CO, cartridge which BOC produces to
pressurize beer kegs. The canister is filled with sodasorb, and you fire the CQO,
cartridge of f and the exotherm c reaction of this CO,reacting w th the sodasorb jacks
up the canister tenperatures to around 60°C. They were so incautious inregard to
tenperatures that they did not measure theminitially, but they found that this is
within the tenperature range which the hand can tol erate without nmuch stress. So
they just fire off a couple of CO cartridges and, if they're out there up on the
mountain top and they still don't feel the canister is warm they fire off another
one. They already have the victimbreathi ng oxygen anyway, and the hi ghest the CO,
| evel reaches in a mask is about 5 percent.

They continue on with this, and if the thing starts to get cool by touch, they fire
of f another cartridge. It is a pretty sinple little device. W already have the
maki ngs of that in the diving bell. W have scrubbers in there, and sone of the nore
advanced compani es have devi ces that you can put on the scrubber, so that you can
breathe on it in a passive node. Al you have to do nowis bravely add sonme little
CO, cartridges to your system You would not want to use pure oxygen, of course.

| understand that the US Arny has one of Dr Lloyd' s devices at Natic now, and they
are running some tests onit. |If | can get hold of one, | want to run sone tests
at Duke on pigs. W will get a pathologist totake al ook and see what we are doi ng.
Ll oyd did report, in his first series of el even patients, that two cases presented
| aryngeal problens. | think one case was | aryngeal oedema and one case of “scal di ng
of the trachea”. That is kind of inprecise, and | don’t know how scal ded it was or
just what they neant, but | suppose they got that concl usion on autopsy.

I will read sonething to you of what LI oyd says in his paper. The referenceis Ll oyd,
et al. Conrad and Walker. It is called, “Accidental Hypothernmia - Apparatus for
Central Rewarnming as a First Aid Measure,” Scottish Medical Journal, 17:83.

A general summary is that heat should be applied centrally to warm the body
sel ectively. The equi pment should be compact and |ightweight to enable it to be
carried by rescue teans. That neans it has to be snmall if we are going to allowit
to be carried in a diving bell, because it is going to take up space. W are not
so concerned about the weight, but space is at a prem umand we don’t want anyt hi ng
inthere that we hope we will never have to use. It should be sinple to use as wel |
as safe, since people that are using it are likely to be non- nedical

That is all | have to say now on t he subject of hypotherm a - no, wait. | have one

nmore thing that | forgot. Let us suppose the winch did not fall this time, and we
did get the diver all the way back up into the DDC. Now we have a choi ce of using
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a hot water suit in the outer lock, or sinply filling up the entrance | ock part way
wi th hot water.

I f this had beenaroutinecoldwater dive, thediver probablyisgoingtoberelatively
dehydrat ed, and despite the | ow nmetabolismin the periphery, he probably is going
to have sone mldly acidotic blood trapped in his extrenmities. He is going to be
sort of anaesthetized fromthe cold, and this is an excellent opportunity for the
medic to get inthere and practice starting an |V of warml actated Ri nger’s sol uti on,

1,000 mllilitres. Onethousand nillilitres of warnmed (whi ch means body tenperature
or slightly above) | actated Ri nger’'s does not mean a great deal inrelation to the
whol e bl ood vol unme, but it beconmes a nore significant percentage if you consi der that

this man is still in acute hypotherm c state and conpl etely vasoconstricted in his
| egs and arns. What you are doingistryingtodunponelitreintothe central vol ure.

I't may not be highly significant, but it servestwo functions: it adds afewcal ori es,

and it allows access to his circulation. In mountain rescue situations, they have
to consider this problemall the time because, when they start their IV s, they often
find themfrozen. They are trying to resuscitate a hypotherm a victi mand they are
gi ving himextremely cold intravenous i nfusion. | think we ought totry to give our

di vi ng casual ti es war mi nfusi ons, and | think there are enough data t hat we can assumne
a relative dehydration that will allow the safe adm nistration of at |east 1,000
mllilitres of lactated Ringer’'s solutionon a purely enpirical basis. Youw I not

have any | aboratory data or anything el se until you get the diver to the point where
you can start to nonitor his urinary outputs, and listen to his chest, and be aware
of things so you do not overhydrate him That is where | was going to stop on the
hypot hernia side. VWhile |l do not really welcome it, those who have strong criticism
of the intravenous reconmendations are invited to speak forth now and | ater.

I think the standard things that cone in the little handbooks about treating
hypot hernia anywhere are applicable if you have gotten the diver through the
deconpr essi on phase.

Remenber, when you | ook at the fact, you say that is a rather insignificant anmount
of heat to add, but I et us go back to the principle of removing himfromthe hostile
environnent. Heis still inacoldbell, andif heis breathing at all, heis still
goi ng through a decreasing but very real respiratory heat |oss. So, assum ng you
are still with him you can at | east sl owdown his rate of loss by elininating that
factor of respiratory heat |oss. Beyond that, | am open to suggestions.

Hypertherm a

Now | am going to tal k about hyperthermia. The other speakers have covered the
physi ol ogi cal aspects of hypertherm a and heat stroke very well. | have just searched
the literature, and Dr Webb has sent ne all kinds of good things over the past few
nmont hs, but on ny way out here on the plane |I discovered in the March 1976 i ssue of
Avi ation Space and Envi ronmental Medicine, this article: “Heatstroke: A Review,”
by C vel ete, Lancaster and Bannon. This was an update of an earlier article by the
same authors. It is about 17 pages | ong and quot es 270 references. So |l real |l y wasted
alot of time | ast week. These authors seemto feel, as | do, that the distinction
bet ween heat cranps, heat exhaustion, and heat stroke is over enphasized. Maybe it
i s a phil osophical point, but I think they are all in a conti nuumof a syndrone t hat
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i s devel opi ng, and t hey shoul d not be | ooked upon as single clinical entities. Once
you start to seethe signs and synpt ons of t he nbst i nnocuous one, you shoul d be advi sed
that the nore serious ones may well be on their way, and you shoul d t ake appropri ate
action. Again, to add to what sonmeone el se said earlier, a heat exhaustion casualty
i s acandidate for evacuation fromtherig, as far as | amconcerned, because he needs
to go ashore for nmedi cal eval uation. A heat stroke victim no matter hownil d, needs
toget off that rigandbe hospitalizedfor observation, because hi s thernp-regul atory
system has been conpromi sed. You do not want a recurrence either on your hands or
on your consci ence. Besides, he may have nal ari a masquer adi ng as heat stroke, so get
himoff the rig.

Dr Webb di scussed the accident on the Waage where two people died, and I am goi ng
tocover that inalittle nore detail because several things have been publi shed which
do not portray the situation as it actually happened. | amgoing to read through
an interimreport which | wote after the investigation of this incident. Please
renmenber thisisaninterimreport, not afinal one. It is aninpressionw had shortly
after the accident, and after gathering considerable data through interviews with
everyone invol ved, including sone of the people that were observers fromthe crew
on the rig.

As | have said, very fewdiving accidents are the result of asingle factor. Inthis
situation several factors which occurred previous to theincident contributedtothe
death of these two people. One of these factors was the operational practice of
nmoni toring the bell (Submersible Deconpressi on Chanber) depth by nmeans of a master
gauge, which is a common operational practice, not only in Cceaneering but in other
conpanies as well. | do not necessarily condem it, although it is not the way |
would do it. | feel that every pressure vessel in a system should have its own
i ndependent pressure gauge, and this one did actually have that, but because sone
gauges are better than others, the supervisor had adopted the practice of usingthe
mast er Hei se gauge to track bell depth in the water

The focus in the North Sea had been on hypotherm a. Everybody there worried about
hypot hernia. W have heating coils and insulation and the like, and the practice
had becone routine on those types of dives to preheat the DDC (Deck Deconpression
Chanber). Wen they knew that they were going to nake a dive, they turned on the
steam coil s underneath the deck plates in the main | ock

Odinarily, after arrivingonthe deck, thechilleddiverstransferred under pressure
fromthe bell intothe entrance |l ock, and undressed. The entrance | ock was not heat ed.
The diver stepped into the main | ock and warmed up. He could tolerate this for a
time, and neanwhil e sonme heat exchange was going on. But if it was too hot, if he
was unconfortable, all he had to do was to step back through the hatch and return
to the entrance | ock. He could cool off for a while, then re-enter the main | ock.
Meanwhi | e t he systemi s equi li brating. Besides, thisis acrude environnmental control
unit for dehumidification. Wth cold steel in the entrance |l ock, and all this hot
steel inthe nain lock in a heliox atnosphere that is saturated with water vapour
a convective flowis created which precipitates water out against the cold steel of
t he entrance | ock.

They were a little delayed in beginning the dive this tinme (they had a | onger
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observation dive than usual) and the tenperature clinbed to over 105°Fin the DDC
| do not knowexactly howhot, but at | east 115°to 120°Finthe |l ast time anyone | ooked.
That woul d not have been significant if all systens had retai ned operational as they
had been in the past. It would have nmeant that the divers spent a shorter tine in
t he DDC bef ore returni ng back to the entrance | ock to cool of f, and that equilibration
bet ween these two conpartnents night take a bit |onger

The bel |l arrived on deck and they prepared to transfer under pressure. On the first
attenpt, there was a leak at the mating flange. That is a common occurrence. So
they pul | ed the bell back and over-haul ed t he seal and brought it back together, and
this time there was no | eak, or maybe just a slight leak at the mating flange. It
was nothing to be al armed about.

The diver transferred into the entrance | ock. One of the divers was instructed to
re-enter the bell and bring the gear out and transfer it as well, because t hey want ed
to pull the bell away and clean it up for the next dive. At this point the diving
supervi sor, alone in the control van, noticed a drop on his master Hei se gauge whi ch
ordinarily reads the nmain | ock because it is the biggest conpartnent. He sawthe
pressure begin to drop and he thought, “Well, we've got a leak”. He instructed the
divers to get out of the bell, into the entrance | ock, and cl ose the hatch because
he thought that gas was escapi ng through the mating flange.

The di vers entered the | ock, closed the hatch and | eaned against it to effect a seal.
But closing the hatch did not seemto cause much difference in the leak rate. So

t he supervi sor saidto the divers, “Wll, don’t panic. Get inthe nainlock and shut
the hatch to the entrance lock”. So they transferred into the main | ock and shut
the hatch. One diver said, “Hey, it’s kind of hot in here”. But nothing seened
unusual . And the supervisor replied, “Don't worry. W' || take care of that in a
nm nute”.

In order to get a seal on the main | ock-entrance | ock hatch, the supervisor bl ed down
the entrance lock. This is the normal thingto doif you want to ensure a seal. And
i f you think you have a | eak el sewhere in the system you want to nmake sure you get
a seal. He opened up the exhaust valve a little bit and he bl ed pressure off. |
do not know how much.

At that point, the divers were trapped inthe main | ock. The supervisor was wat chi ng
the pressure drop in the bell while presum ng that the gauge represented pressure
inthe main | ock. The gauge had been representing the pressure drop over the whol e
systemuntil the main | ock-entrance | ock hatch had sealed. After that, it indicated
the pressure in only the entrance | ock-bell conplex. Since the sane | eak was now
draining asignificantly smaller vol une, the gauge i ndicated a greater | eak rate than
previously, about six tines the rate. The volunme had been decreased to one-sixty
so the rate of indicated | eak on the gauge went up six tines.

There are very few energencies in comrerci al diving operations in which you cannot
just stop and anal yze the situation and figure it out, but, when you see a six-fold
increase in a gas | eakage rate in a manned conpartnent, and you do not know where
the leak is coming from that is one situation in which you want to react quickly.
And there is only one thing to do: start pressurizing and nake up for that gas | oss,
and that is what the supervisor did. He pressurized.
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They were at 510 FSWand he pressurized to 650 FSW The divers could sense being
pressurized and they tried to tell the supervisor, but he did not understand. His
sensory systemwas overl oaded. He was wat chi ng gauges and addi ng heliumwhile the
crewon deck scurried about | ooking for aleak which didnot exist. Andthen suddenly
he | ooked up, swi tched gauges, and realized what he had done.

Al'l the while, the diversinthe mainlock had been trying to indicate that they were
bei ng conmpressed. They were not unconsci ous. | amsurethey felt anintense adi abatic
heat load in addition to the 110°or 120° but it probably did not exceed the short
term heat | oads that people can accept even considering the respiratory heat | oad
factors. The divers in the nain | ock opened the equalization valve to the entrance
| ock which started reducing the pressure in the main |ock, while the supervisor
responded by repressurizing the entrance | ock to nake sure that they did not cone
up too far. The mainlock and the entrance | ock equal i zed at 504 FSW Thi s was wi thin
the safe upward excursion distance and they had no deconpression probl ens.

Qur policy for the past two years has been to tape-record the conversation of al
divers. W do this for two reasons: one, to inprove comuni cations discipline by
review ng the tapes after the dive; and two, so that we night have a record of the
sequence of events in case anything abnormal occurs. This particular dive had been
taped up to the point of transfer under pressure, but after startingto transfer they
felt there was no | onger any reason to tape the conversation. So we do not knowt he
exact tinme frane in which these events took place.

The divers appeared to act irrationally. One nman left the DDC and one got on the
bunk and they said some words to the supervisor and then they started hol ding their
heads and they were noticed to be sweating profusely. They went rapidly through the
entire clinical spectrumof acute heat stroke, culmnating in dry, red skin, sweat
gl ands exhausted. The hol ding of their heads probably woul d i ndi cate severe head
pai n. They al so had sone bl eedi ng fromthe nouth and nose whi ch woul d go al ong with
sonme of the reports of clotting probl ens and di ssenmi nated i ntravascul ar coagul ati on
in heat stroke.

Up to this tine, no one had recogni zed this as a hyperthernia problem John Boyce
really deserves nost of the credit for first recognizing what had occurred. W
anal yzed t he sequence of events and felt that what we were | ooki ng at was heat stroke,
hyper pyrexi a, as a result of heat | oading fromthe hi gh tenperature of the main | ock.
The fact that they were reconpressed in hot heliumprobably accel erated the onset
of the fatal hyperpyrexia.

The UK Departnent of Energy investigators did not accept that diagnosis at first,
but we had an autopsy at the University of Aberdeen which confirmed our initial
i mpr ession.

Let nme just read part of this report as a sumary:

“Commercial working divers in the waters of the North Sea are a conmpn occurrence,
and the dangers of col d-hypothernia-are well recognized. To overcone the hazards
of hypot herm a, hot water suits, breathing gas heaters, thernal regenerators, and
di ving bel | / DDC heat ers have been devel oped. Wth the enphasis on hypothernia in
deep diving, conpounded as it is by the high thermal conductivity of helium we have
tended to overl ook the danger on the opposite end of the tenperature scale -
hypert herm a. The hazard i s there, conpounded agai n by hel i um s physi cal properti es,
pl us the conplications introduced by high humdity and | ow fl ow velocities in the
chanber micro-climte, factors which preclude the | oss of body heat by evaporation
and lead to heat loading with every respiration
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“Once t he body tenperature begins torise, cellular nmetabolismincreases, producing
greater than normal quantities of heat. Roughly speaking, at 108°F, the rate of
net aboli smof the cells is doubled; at 114°F, the rate is al nost quadrupled. The
hypot hal armus, t he part of the brai n acting as the body’ s t hernostat, functions poorly
i f overheated, and a vi cious cycl e occurs: el evated tenperatures cause an i ncreased
rate of netabolism which causes increased heat production, which el evates t he body
tenperature and further damages t he hypot hal amus. Once t he body t enper at ure exceeds
107°F to 110°F, the body’'s thernostat fails and the body tenperature may continue
toriseuntil death occurs unl ess rapi d and extrene neasures are takentoartificially
| ower the body tenperature.

“Man’stol erancetoel evatedtenperaturesisdirectlyrelatedtohisabilitytorenove
heat fromhis body core by increasing blood flowto the skin surface and then | ose
heat by evaporation of sweat. It is only the evaporati on of sweat that makes short
exposures to extrenely hot environnents tol erable. Should the anbi ent water vapour
pressure approach the 44 mmHg (i e. a dewpoi nt of 36°C(97°F) value whichis typically
found on a man’s skin while sweating, heat tolerance is drastically reduced. The
partial pressure of water vapour at 120°F (the tenperature at whi ch the DDC nay have
reached prior to the accidental pressurization) is 88 nm Hg.

“Humidity control in the deconpression chanber conplex aboard the WAAGE 11 was
nornmal |y acconpl i shed by all owi ng t he at nosphere to circul ate by convecti on between
t he mai n chanber and t he transfer chanber wher e t he noi st ure condensed on the transfer
chamber wal I's. Wen the divers inside the main | ock cl osed the door to the transfer
chanber to protect thensel ves froma suspect ed sudden | oss of pressureinthetransfer
chanber-bell portion of the chanber conplex, humidity control stopped.

“If the divers started to sweat at a maxi numrate i nsi de the DDC, a vapour pressure
of 44 nm Hg woul d be reached very rapidly and practically no further skin cooling
due to sweat evaporation could occur.

“A heat storage by the body of 80 kcal (320 BTU) with a rise in body tenperature of
1.4°C (or 2.5°F) represents the voluntary limt in the average man. Col |l apse can
occur at a heat storage capacity of 160 kcal (640 BTU) with a 2.8°C (or 5°F) rise
in body tenperature. NModerately active men will produce heat at the rate of 180-
300 kcal / hour (800-1400 BTUW hour). |If all this heat is retained by the body, a heat
storage of 160 kcal can be reached in half an hour. |[If heat is being added through
the lungs and skin, collapse can occur even sooner.

“A man breathing heliunm oxygen at 300 feet with a ventilation rate of 1 cubic foot
per minute and a gas tenperature of 120°F will add heat at nore than 0.5 kcal per
m nute. As his body tenperature increases, sowll his respiratory and heart rate,
addi ng heat at ever increasingrates. This respiratory heat was retai ned, alongwith
the ever increasing heat of metabolism driving the divers toward an irreversible
and fatal hyperpyrexia”.

(Question): In addition to an awareness of the problemwhichis the first stepin
prevention, what are sonme of the actions we m ght consi der inresponse
to heat energencies?

(Answer) : The objective is sinple: cool the victimas rapidly and efficiently
as practicabl e. Achi evingthe objective depends on your own i ngenuity.

Let me tell you another sea story which night point out some of the possibilities.
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It just so happened that on ny way back fromthe WAAGE 11 accident, | ran into an
old friend in London who was honewar d bound froma j ob of f Dubai in the Persian Gulf.
He had not heard of the accident, and he was tal ki ng about the rough job he has had
out in the Persian @ulf. Their main chanber had an environmental control unit
consisting solely of a tarpaulin to shield it fromthe direct rays of the sun. On
several occasions, the mai n chanber had been occupi ed when ny friend arrived on deck
for his surface deconpression in the chanber. This meant he had to use the standby
chamber whi ch did not have even a tarpaulin environnmental control unit. “Man”, he
said, “it wasreally hot inthere. | just got to feeling so weak and cranpy. | just
felt dizzy, you know, |ike | was goi ng out of ny head”. He said, “Particul arly between
my 2 periods. GCet back on Q2 and it really nade ne feel better for a while. That
2 isreally good stuff. | don't know what was the matter with nme, but it happened
every time. You know, |'d get off that O2 and start feeling nauseated and bad and
I"d get back on it”.

Thi nk about that. The tenperature in a chanber out on deck in the Persian Gulf is
probabl y around 120°, 130° 140°F, and the ventil ati on does not al ways neet the divi ng
manual standards even in Cceaneering, so | began to wonder why he felt so much better
when he was on oxygen.

Wl |, he was breat hi ng oxygen froma hi gh-pressure tank, and as it expanded fromits
conpressed state, be was getting effective central cooling. Each tine during the
air breaks he was drifting right up to the edge of a heat problem and by going on
oxygen he was pulling hinmself away fromit as a consequence of breathing cool gas.
So | think that is one thing we can do in a heat enmergency. W can breathe cool gas
as long as it does not get too cold and cause excessive bronchial secretions

Remenber, any tinme you reduce a gas fromhigh pressure to | ow pressure, it cools.
So you have an advantage right there, if you can work out a way to take advant age
of that pressure reduction

O maybe you coul d devi se a heat exchanger for the breathing gas, say, an oildrum
on that side of the chanber with a bunch of copper coils init, and alot of ice and
salt over them when you need a cold gas, or hot water when you need warmgas. It
woul d not cost nuch, but of course there nay be sinpler and nore el egant ways to do
it.

There is another little device that we have found which | think mght have sone
application. It iscalledavortex tube. Youcan put high-pressureair inthe mddle

and you get hot air out one side and cold air out the other side. You can either
heat or cool. GObviously, you cannot violate the | aws of thernodynanics, and i f you
have t hi ng operating inside the chanber, you are not going to have any overall net
change. But you can control what we call the micro-climte around the man. There
is an off-the-shelf device that hooks up to the vortex tube which coul d be useful.
Foundry wor kers use them Foundries have a hot roomwhere pigs of netal are poured.
Sonmet hing |i ke 35 seconds was the maxi numtine that the toughest guy in a Houston
foundry had ever been able to stand working in that room But they got this vortex
hood, put it on, and just ran plain old conpressed air through it.

Usi ng the hood, a worker could enter the hot roomand work for 20 or 30 m nutes.
Remenber 40 percent of heat |oss occurs fromthe head and neck not counting the
respiratory tract. The vortex hood can be a very effective nmeans of protecting the
i ndi vidual in ahot environment. Now soneone needs to determineif it will function
in a hyperbaric chanber.

For cooling a chanber in tropical areas, | would suggest putting burlap, blankets

and stuff like that over it, and running the water over that, so it will increase
your heat |oss through evaporation.
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