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Diving 3o an m:?mﬁ aotivity and ito pain aaznp?.ica.ﬁmn;
dogompronvion siekness, has boon dosaribed Por a% loceh o contury.
othop than thope of toalinigue. In prostico thoye ars many uns
expiodned points which oned doubt on the effficioncy of ouzprert
m‘bha&a of mipimnﬁ’;- Diving 4trlalo uning aimx; or OXyoen and holium

“breathing mizturos are ?ﬁﬁc’x‘i‘bﬁa s well as pubmaeine ebotpo teaining
without the noo of self=oontained bronthing appoeatus. Coscd of
dogonprospion sioknogs oocurring dardngy the t3icls eve Jdosoribed and
Slossifiod ag major o minor doponding on $he thorapy useds It 4o
augoostetl that this olaguificotion 48 legs confusing thon others o
$here o no dupileation of sotlologicel fostors othor than decompronsion.
Puinonayy Borotvauma® dovelons by o ifforent meshanidn and de
sonaidored noparatoly foon "Decomprennion Siclmonn', The progrosaion
£rom dosatisfastion with recomended thorapontic rontines to the
devolopnont csf somplomontary ones is shown. The applicotion of basie
principles to onses nriting undor ﬁscsnamim}s ot previcusly
éwnuntama;f 44 dosordbeds Cose notes of 136 duses dreuted by
rocomprosgion sve civen up well as comments on 261 othex oaneu.
Proposed therapoutic roubines ond ililuntrated recondy of come of the

vory doop therapies are included in the Appendices.
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Seopa of Diwings
Hor more thon two centuriens diving hes beon cerpied on mninly

foxr tho purpose of salvase. For two thonsond yoars thore hog been o
mklkbary Sringe bonefdlt dn Jomoging chipn of the onemye This milﬂ;tary
agpplicotion yas widened considorably in coope dueing tho 1930 - 1045

wor B dncinde puch activities as pre-invasion boaoh reconntinonse end
agitack on londsbased instollotiong, oo well ag boing Jdovoloped in fio
ordginald vole against chippings The effect of thin expannion was &
graat ineroano dn ézm demand for kmowlodao off the offeet on mun of this
undepwatior environment and In $he nucher of treined men who wore thrilled
by the adventures Tochnicnl advances lod 4o the mmmﬁshmm, in the

lant two dooadeny of o dow sport which now nunmbors 1%y pazticipants in

hundesds of thousandss Thus an oetivity which 25 yeovs ago affocted
porhops 500 people in Greot Britein, now involves over 4,000 in the
Royel Wavy dlone ond probably one quartor of 2 milldon in thin cominy.
At the prosent bime breathing cquidlpment han tuch o chorb onduroncs that
the pish of decompraossion injury ie slight for oportowen, but with
continudng advonces in mofonisl, engineowving, ond desdzn problove,
hreothing sots avo beconing available that will pluce the ddvers using
them at groator vick of apecific dnjury dus fo divings Thope cases

my oseur nocr coastsl towns or dnlond villagess whore wabor more thon

20 foob deop do avallablo for divings Thio work will cover some




aspeets of dosen ok deconprosoion slckness found in ddvers doing
experinental work and in pen underaoing submordne oscopo teaining, ond
rope cormortdy huowm oo Thendst.,
Effects of Prossute

Any roduction in tho subiend prossure of mon #u 2 dusonpresnion.

Dy physicel laws the groes that such o ren hod been Dreathing munt have
been dn solubion in hls tlesue ulds as well oo Filling his aipe
gontoining coviticss The neln phyoical Iaw ohnerved are those concemiing
the polubllity of o pos dn o fluldy the concept off pertisl pressuress
the selationshin of volume ond prossuve; ond the protess of diffusion.

A mn ob ’53 feot in watey breathing sir from an odoguate suoply, do
breathing ab o preossure gquel Yo the wolpht of 3% feel of wator plus

the wholo hoight of the ntmosphere which in cquivalent 4o another 33 feet
of wator = in thinm coos thorefore thoe presoure in equivalent %o 2
atmonphoren sheoiute or fwice the presmure cxerted on o mon &f con lovole
In posponse o lovs of physice ss the anvironoontel Pressues round the
gubieet dn poduced, 4e0. o8 the mon voturna to the purfoce, the ércess
gagen obuorhed munt olthes oxpand or coms oul of solution. This prdblen
& moguitiod with dnoreondng dopth ae the total prepouvze is increasod

hy 1 simonphers seolute fop ovory 33 fopt of water. I those exponding
or ovolving gaoen conrot reach the externnd cnvinommont, on dnjurlons

situstion mey arise and auy dotestoble dll-effoets aro called

desompronsion aldknesd.




Iocomproseion Siokness In o torm vhich apnbors solfeoxplamtory
and by doplication suppeshs o condition which ohanld pospond to the
stpasehiformind upplisation of the physical peinciples involved.
Theoush the yeors and with the uoe of sovoral therapoudis of proventive
mepaures for ailments invelving the deeth, the paraviasal sidugos, ond
the middle ear space to name o fowy tho texn és:rz‘amma:siﬁm Slcknogy now
tends 45 be liniled to conditions whore gng hulibles sve prosumed to bo
propent dn the tissuce of the body sather thon §n the holly edr spacdse
fSuch hibbles way avico in siiu ox thoy may Do inteoduded info the hody
adoddontally. One dmportont effedt opising fron the actiolugy of the
hubbio in thot the cas in the Wubble infroduced acoldentolly into the
tignucs io more illkely to dissolve dn the dispue fluids aa theso £luids

wsunldy do nob conbadn oo much o In solubion ag those Hiswnen in

which 1he bobbles doveliop fronm suporssturations In diving moslh bubbles
antzaduoed inbo the holy crise Svom domage 4o the lung and &4 guch the
oondidiony thus profused axe probably bobter giouped wnder the 4ifle
fiimonapy berobraumats. Tho term “deconpreseion sdcknose would $hen be
ropt For thomse condiliond presumed o be due to tho svolubion of gus
foom Hloste Fuidse The trendmont 8 basod on similax principlos for
both eonditions. There hove boon veby nauy commanicabtions on the sdlnont
aad woloted mattors < moro hhen enoush fo £411 thrao Topse volumes of a

hibtdographye (05. 864 87) Howover, surprisingly fow accounts of the




treootmont of diseose oo seon dn divors hove beon published compozod,
with the munorous papors mibliched dealive with the conditions an 3%

neeurs in dunnel workersy satsson worhkors, and 1o avistion.

The majordty of the casen desoriled in this paper owourred in the
gourse of work asgocioted with the dowolanpent of safe dving roubines
For mon.  The frinle followed exporimental worlk on mﬁmla, which wos
dosdgned to fent tho theorotdend colenlotionn,ond consicted of
simalated dives in compresoion ohanberd folloved by actunl dives in smter,
The ouctens or failura of the routine depended on the number of canen
of Gotomprospion pdeluons that dovelopeds too mwy cscon meant thet the
roukine was too dangesous vhille no coaen mm‘g that foo moany pefoty
foators hod beon dncluded, Once o moutine hod an dneidonce of 1 = 2%
gomons ntondend pafoly fontors would Do added ond the foutive promalppted
for gerered wse. Mho teinds modicel officel ye rogponnible fop
‘assonsing cach dive and for vomeying oud ony oxmminakion opr droatment.

He wor ocovicorned dn 211 mottors thoet affected the divors ond gove his

advice in tho planning stages of codh trial oo well as giving his

opinion on PLOATCHS.

Types, of Diving Connidoved
FMwo typss of ddving will ho dlsousseds Firsbly in the norpal

dive the diver descerds broothing the approprdcte misiure to hip depth,
coxrdos oub his tosly and sscends corpying oub o dovomprosgion routing
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at vepdovs sfeges in the shallower poxrd of his asececade In o sodond
typay aftor ¢oppying out his tank the diver assonds directly to the
oupfzeo and entors o compression chanbor whore tho pressure is dncrcased
and thon soleased in o prosdotermined pattomn - thie routine is calied
Yaurdoco decomproseions. Combined diving is o third variant and consiats
of a dive followad sftor o shont luborval ab atmosphoric prosawes by
mnother dive but the ascent fyom this decond (or ony subseguent dive)

i mo made thed any vemsduing excens gos o¥ill procent in the diverts
tlosuos £zom the pmcméﬁimg ddve de token dnto conmidegations The
fourth type of diving is krown as “deep diving” andy wvhile the expooune
fo progsure and fime 201lows tho normsd Jdensonty worly and then aneent
'm*t:%am, ’bh{a dapth of suech Jives mesng thet edx connot be used as the
breathing nefium by the divers. The FiTth fTypes "oubrerine cscupe!
ddvor owe those in which the encapor op Mdiver ia esponed %o rapid
Incroases 40 pressive snd aftor o minimel time od masimum dspth, he
enxrion out his osgond withont breathing equipment. Civounstances have
a8 4o tho problem being pbudied by tho genseal practitioner away fron
oldilod oncillioxy help, tind in the nature of tho sotivity produeing the
Injury, this will alimost invoriably be the situntion in vhich the doctor
hew %o tront bis patlont, Dol and Vebelle (124) 4n thelr papor which

in comionly considered tho firvst nevdons otudy of nolooon worlkeors |
ppulogioed for thely work ua &% had been dono "mang plan, song pPIOZICTNR,
aons ordre" as there -hafl boen no intentdon of publishing it. Over o

contury lolor, thelr sontiments ane echosds
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CHARYER II
COMNOT TRRYS USED IV DIVING

In very genevel berns o "diver" capries oud @ “dlve" vhon o man,
snltebly equinped, goes undor pressure greator than atmosphore for a
time. Thin dive hag thwee phesos, one of incrcase of pressure, or
“"eomprogeion”,; one of duration at mazimm progsure or "hotlom Hime" and
one of retumn to atmosphoric pressuye. Usually tho first two are
togother collod, “the dive" and the lapt is tho "decompromsions [From
the point oft view of the dlver, the most importent npressure is that of
the depth ot which he is working. This pressure la rolated %o
otmoaphordce presowre at see level vhich is dreated as unity or "1
atimogpheore absolute". Atmospheric prosoure at ses lovel varies with
veather conditions snd latitude but these fluctuations are amall relebive
o the lorge pressures invelved in diving and may be ignored. It is
conveniont to express this valt in round igures as 15 pounds per square
inch, 1 Xilogram por squars contimebro or 35 feot of water and cuch
volues can be reféﬁﬁ@@ to ag “on atmosphere™. If follown that o diver
et 335 feat in the wvea is aubjected to an arbient prespure of 2 atmompheres
shooluto, and at 100 feet, Yo an ambiont progsure of L atmospherss
ehpolute. In wmost preossure worlsy gouges yvead zerp at sen level po
thet gouge readings are always 1 atwosphere opr its cquivalent less
thon the absolute pressure, thug the sbove divew is subjoct to &
prossure of one otmosphore and 3 atmosphores govge »eppoctively. For

convendence, the pressures in diving dend to be expreossed ag w feet of
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waber (govge wndewatood) oz ¥ sbmoppheres (ebsolube understood) vhoress
compressed alr wrking pressuves tend to be deseribed in pounds per
sguore dnch (gense wndewssood).

The aidtuation 1o vapidly resched vhepe It ig injurious to zobuwm
dirvectly to almospheric presourze becouse of the onset of symploms and
' signs of "decomprosuion sicluesst. To avoid this the dlver follows o
"aeeompression roubine" descrlbed du “decompressicon tobles®. (Table TZ.,1).
Decompression tables axe lists esvrenged in incroasing owder of depth im
jﬁ) feot intenvelss In eooh interval, the duration of dives ave opransed
in lengthening oxdew of time aud weuelly in muldtiples of 5 minutes.
Opposite o depthebine comblaation o row of figuros gives the challowest
depth the diver ngy xeach ofter o dive of this combinabion and the
pinimun Hime he must spend theve to puevent the onselb of decompression
sickness before proceeding bo his wext depihfiine pemse; sueh dopth/bime
peuses ore “decompresaion stopst or Ystoges". The deballs for this "stoge"
decompression yeoubine fov n dive of a porticuler depth and e parbiovlar
durotion i8 vofemred to o3 o "schedule®, T the decompression is cavmied
oul conbtinwously the decompression poubine 19 known a5 o "Dleed” of mo
nepgy waits of prossuve pew ninuvte. Decompyession sickness has warious
gynonyne sueh as "eadeson disesse', "bends' or Ycompressed elw illness®
in sveh ivndustries ao tvanel bullding ond nerine selvage md such on

Yoarowcnholisn” md "hapoteoima’ in aviotion.




AT DECOLIPRESHION
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fxtzaet from RN, Diving Henual (133) showing schodulen for diven

o0 80 and 90 Peat.

Piven bolow the 1dmibing line should only be done

in axcoptional cirenmstances. In a previous sdition {(1352) all dives
shove the limiting line wore groupsd in Diving Table I ond thoos below

the uniting Iine in Diving Table Il




Whon o divo 4m carrio® out in tho goo 3% in Imown as o "sen
Alva® or Muol dive! and the expression of the prestuwe en dopth 4n Loet
of watew ia logicsl. Cerbtain pressure vewsels ape mde din vhich the
ddvor may carey out o dive wvhers the dnersace in vroessure i obiained
by supplying gas, Wenelly odv, from o agsion of comprossors end storage
eylindeorss For convendence in ddving rosoarch, the presoure ig often
pluo oxpressed oo dopth In feot of vaters Such veswels ore known of
Ygomprossion chambora apote® and the ddver careler oul o “chaubern!
oy "pott op Mdpy dives Io commoreisl worl tho doims Yonkasou® op
Montd may be need for fueh vesselss The primesy funclion of those
ohanhens in nevel work e $he brontment of decompression nickness for
which the padlont 3¢ pleced inside the Poot™ and “recompressedts  After
rolled of bl dnjury the padient wefurns to the surfede in a decompression
pouting dnbonded 4o provent ronppoosence of his sipne ond syopboms and
genepolly roforred fo as o “thepapendic Jdocnuprogsiont,

tYhon the desonmprossion tnbles v genevel upge gve fthose for diving
ne deeper thon 200 feel, thoy ave cnllsd the "ptenderd ady tables" ap
ade will De the breething mizture used by the diver 40 susioin his 1ifo
while undeamators I & diver caipdies oub £iset one dive and lator more
Mven, he 3o gedd o canpy ool Yeobined diving" or "wopested diving®
ortotiiple Oivingts Vorious instructions exiet ffop discovering the
desonpresaion voutive fur sueh dives apd au impordent point e $ho
fauefoss dntemnl? or tine spent at atmoaphoric prescive betwoen twy

dlves, If for soms toason the diver conmot canpy out the wppropricte
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deeomproseion o2 hig dive and 3o forced fo zebura fo afmoopheric
pressure ho med bo wecomprosced in o chonbor within o very chord $imo
o comay ont el appopricto decomprossion roubtine ond this pencouvree in
rofonred 0 op Unueface decomprosolon! .

"heop ddving" gonorelly sofern to oll dives decpon than 200 foot
and 2o so diotingnished becsuse adp ic wnasbisfosbory os the bronthing
netdun for the dver. Yhis lo due fo the cuwount of nilropen prosent
which cnuges "nozeseis® aod the dengeor Trom the anmand of ozygen prosond
oF Pomyoen poisoning™s Ac o ronult the propordion of ozymon Ao redused
and the requlred Dellk of $he bronthiog gon wonaelly then consiods of
helium, Hnch diving in the sos may duavoive the nae oF & chavber which
con Do lovered dndo the volor and vhfch eon bo kepd cupty of waber bhut,
Tesaune it ¢on alas be oloned with the diver dnolde ond ho con corny

oub hin desomprofimion routive vhile so confined, 1% 4o callod o

tgyhmersible decompronsion chemberts In fwo ships, ona Deibish cod one
Swedishy thin schrozoible derompression chesben can bo plesed on dop of
o coipression chanber onds onee the propeure 4n cquoliced, the diver

tiny Mransfon undor prepoire” fron welobively cramped %o more comfortable
surronndings $o continue hilo decompromsions I o diver e zequired al
oy Tive fo very the gos anlstuee thoet be beathes, for exmplo 3% ho
bhooothes 1007 onyeon duping thoe Finol efsges, he i soid o be caxnying
ot Mowyzon decompronnion’s In oxporimental vorl: "oxysheliun" dn the
golioquial torm for roppireble oxyeon sud heliwn mixtums end io only

aueliftied by the pomcontage of oxyson O 5% omy-bolinm. In sucsh worl:




“ite

vizo he dopbho mey bo oo shellow g 35 fooh Dubt oo the aim 4o to dive
b0 groot depthey 1l oxy-holivm diven avo considered “deep divenh.

e o technigue of Alving bhos Deen eied wnder vory clona
supervision end dn condrolled conditions, 4t is tought dn the training
sohools end can bo used by mon on tholr tonks. Thus % io changed fron
en Morpentmenteld dochnigue® do an Poperadionsl rouwdbine. Certain
wodificobions nay be wede to devrense pislka. Fop exooplo fn looking
up desomprossion teliloy Loy o dive, i the mon has voachod on orood
dopth or an cxaet dupabion, 34 4o customery %o une the decompression
mﬁemﬁa for tho n@% ‘gﬁea‘ﬁcm dopth op longer Quration. %hoe oporationyi
oo conpdnt of "Gloorance Dlvers® who oro highly doadined woluntenrs.
They have beon tanght to use solfesonbained Dreething apprratus which
in complote with i%r{z owa ger pupply vhotlior 4% Lo cipy or oxygen, op
omymen and nibrogon mixtbron and vhich mar Do opon elrvould {i.fa;
exbeling dnto {the water) ox cloged oivowit or powi closod cirowit. In
addition they con use equipment, ueuslly open cdwueuidy vhero tho gop,
unuadly ol 3o supplied fron the surfoso thun cvolding the problopg of
on3Nrenco. ‘.’é&mme mon ave populexly hnowa oo Urogmen® and pre fulie
time divera. Othey naval robings oowey oul tholr ovm vanious dubics
stch oe mechonicny ghoroman, comunicators and cools and dive as o povbe
Hime ootivity. Buch divers are usmuelly linited to selfecountelned o
surioscesuppliod vip eqnipmont cod ave "Shipts Mverats Tho clossical
orBtandoed Divert with holmet sud hoovy boote has beoome pedundont in

Sho Royol Newyobuad he wous used in post of the teiels deserdbed here
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begeaupe of the case with whieh his depih could be conbrolled.

The sase of o diverts progress unflor vabtor o affected by his
tmoyenoy which oan bo dnoreaged ag *pooitive® buoyoney by his equipoent
and gos contained doliborately or sccidontally in hig clothing. It i
cunborary to have the diver and bis goor alighily "negativeY op
"roubrally? buoyent by making hin inidindly Cponitivelyt buoyant end
thon udding lond welghtn to ovorecompensate or balanco this. These
welpghte can be "ditched" or roapldly roleased as & gafoty measurs so thet
the westoration of his posittive buoyoney will bring the diver back to
the supfoce. Tho dmportonce of tuoyeney dn this worle io tho effect on
the offord requirzed by tho diveor to carzy ouh his demeent and ascont as

woll as on his ability to koop o constant depth during his dive.




It 4o o mabbor for purprise thot a subjeot vwhich s nommwlly
dimmineed in mosb welicel dost booko in o poxosranh shouwld hove an
ortencive bibliogrephy, Moot of thin literoture in contoined in the
theee volunes of the "Bibliogpophical Soupocboolr of Compressod Alps
Vivingy ond Submorine Hedieine! vhich Tists moro thon 10,000 poforonces
up to 19835 (09.86.87)« Svon of thaky % 1o oheted by dhe compiler {85)
that tbo Tiat ia nod conprohensive as poporn of the lash centuny and the
pagly part of this ono ope inserked ne mach for thelr oun Yioks of
roforermen ag for tholp intninsic movilse

Hew hew Zong withed $o study the response of his kin to cxposure

o aliored onvivonment - porédeulenly vhen the reaction ves not a simple

woversible one os fuperficisl study suggeotel. Whon the probloms storbed
o involve thongonds of poople vhare previously the wietins lhod beon
aunberad In donty a8 boppened vhon olvil onginceps niarted tumelling
and vhon oviotion seored tovards spacoes the otinmilus to study wao gront.
Thin meant fthat the phiyaiologys Soxicology and fxoumntle posnibilites

of atmosphoric Dresmutoy ozyneny hib¥ogen end corbon dioxide whon
altoved fron normal valucs, como wnder the norudiny of pen in soveral
Mpeiviines of nencoreh and olinieel work both for the study of svoidance
of the problens o woll as for the pobonbinl Lenefits 4o the iudividual,
hifs wolls=heing tnd his ceeupotion, BPohmio (18) considersd that the

noscend bubble had reploced the apivochaote og tho gwent dmporeonctor
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and the bulk of the ITitevoture doceoriben the effects of tho prowumed
atbocker on the vanlons systens of the bodyy rather then on the vhols
fndividual.

Vawy varely in thore one single papes which in o milestonss in
thig £iald more oflon o covilos of articles is colleotod in ome volume
elthor By one aubhor or on one btoplo. Pride of placo mund go to Doyle
{23)y vho in the gowrse of sludics on yenplieble atmosphores in
evacunted choobong, necordedy in pacseings tho apposrance of o goan hubble
in the eye of 2 vipews. Vhile it mey be druo that dhio HBubble was Jue
to voporioation (2)y vather than Yo suporoaturation of the oauesus
humous, 4% in the fivet rogorded chsomyation of o hubble esused by
zeduping tho anblent propmurc. Injurdies, including decompression picknotms,
must hove opcurred in sponge ond pearl divers $hooughoud the ogen bud
the vocorde ave vague and move suggesbive of the effects of wbslanced
oxcans exborunl nnbilent pressure ob dopth orushing the nissconioining
body cavition, especislly the thoran and commomly lmown as "sauoezch,
than of decompression sickness.e Podgor (1) who developed the Tivst
prasiicel calomon, do eredited in an anvoletion of sn addwoss he gove
4z 1005, with the fivet dosoniption of o cuse 6F colsgon disease. Fol
and Wetelle £1204) in 4054 decordbol $heir oxperdoncs with commerciol
ealsoson vonkers din vhich dhey tools ndventege of Hhe vorlesnt owm
conmentsy doliborstely to reeintroaduce o pefient indo comprossed aiy an
trontment Sor hio condition » the Dizst fhexepeubiv conprosslon w oo

vell o8 recomecnding o peidod of helfwanshour fox vetvm o surlece fop
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a1l wordcors the fived decompression woulines Meny obmervers in this
Diodd produced convepts of tho enusabion of Jdecompropeion sickness which
yoriod fron the mechanicnl offects of high prossurs and dense gas on
civeulotion and podpivation to mopre bHapnie :@hy:s:‘i@?ﬁi‘ offeats due to
solution ond ovolution of gonr in flnids. HoppesSoyler (08) in 1857 1o
greditod by 111 (84) with Doiug the firet o point out Shat doath
goeurred beomse of dutiuetion of the cirenlotion by ubbles ond to
oxplein $het this goet of condibion was due 4o dnpdequate $imo for gos
%o essepe from venons hiood during itd poscage through the lunss. IH s
difflontt bo astortyin the oxder of priosliy of tho many woriere, mainly
Fronch and Sontrol Muropoonsy In the various stops folowm as offon $he
vital point is obssured by the Literary otyle as well as by tho vook
vonnt off spesulation on tho toples However Poul Bopt's work culminating
in the publicntion of his Dook "Ia Prossion Davomsbeloue" iv 1875 (18)
phands out Lilve o Iighthouse in thet his experimeonts establlched heyond
prgunent thet decorpression siokuoss was due bo gns sbporbed during
sxponure o poinad proosures end thon roloased durding the veturn to
stmoaphepie preginrs. s most practicel polnt van bis spgrention for
o shendy wolo of Josompropsion feom tho vworking pressurs so that the
devonpreasion Bime s selated Yo the worldng prasoure dnctead of being
& fixed dupotions Thome pransiples wore graduslly accophod snd work by
yardons geoups han been drected Yo ewheblishing the vanlous durations
of exponure and fotnl decomprompion and the waten of progoure changs as

modified by ozorelse, by tempersture, by vonbilation, Dy the respired
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gases (from pure oxygen o osygon ond holdum mivtuwes) and by
environment Srom sod g in diving, Yo piyy on in comperclol vworls such
a8 tunnsiling.

The aotivlogy of dooompieseion sicknoon o the formation % intro
ana. m%mvmmﬁw 'imbbleg Xt ri{csw&bea. by Corsh and Honvey and thoir
ComTOTIORS { Fy 60, 614 58, G5y 60y 69y 90)s Tho only rocont quory of
the bubble coticlogy hos ’izzat:n eadued by ud (50) who considored thot
high presatess led o intrevosenlin eludsing of the wod covpumelen
vhdteh Dlecked the clrevlation and led Yo the secondaxy appoavange OF
hubblos en stggested by Buindle ﬁ‘ié;.:-.:)- hat thie work hes vob Loon
aﬁrﬁi&m& noe doos 4t gopeas do have beon followsd upe

On decompression 'biz.@wy; mﬁsml aronaps have mede mojor contaibubions
the corlicst being Hollowy lager and Von Hohobter {71) vhe so o vesult
of arporimonts b o roview of the past in thelr cxhaunstive volumes
recomonded o destopression time of 20 minutes Lo sxposurs o ench
stmopphore groster thon obnogphorie prossuro. Heldane with his o

viorkows, copseisliy Boyeobt end Dumnt (2R), reconsidered the stoge
mothod slveady touched on ant discupded by Berd (18) end veoduced the
fivet Seully preaticsl Mving tables besed on work vhich showed that 4%
vor aluways enfe o being o man bo bald hin cheolube pressurve if be hed
buen saturated al thal prossups - the 8 ¥ T walile concephe hin meand
what o diver couid bo sedced fo o depth fov o period dueing which the
execos gon vould bo evolved from bds body +thus enobling bim to progecd

{40 n shallover doplbhe TF wnn o more preckivel fo zeise o diven throush




n-'f ‘? -

the wotor in gbops than o provide » copabant gode of twovel. 1L
copried oud o congideruble cmsimé of work on docomprossion especinily
with Haelood which he gathersd togetlier $0 bio hools "aicson Sicknopn®
(&) but bie verl ss nore valushble for his conflmbtory oxporimonis
thon for any ordgingl commepts, he Dedng & proponent off %hr.;a blosd
goathor than the gloge mothods As o ropuld of his worls with Holdene,
Bomant {39) profuced thepapsutic decomprenpion tablos for compronsed oip
norieis oudforing feon opisson dlpesse vhich introdused o desronsing
vobe of Dleeds Snith {130) hod previously evsppeted that o spooisl
tpontient chnnbor be provided of comprosoed ode workings bub 1% cooms
that Todr (120) of Groot Britoin oy o senber of the conmulbing ongincoring
Pam cupedvining the vorlk on the Mudeon fuonel in Hew Torl, wan aotuclly
the fizot man to have such o chosbor provided and he clatred e dramatic
roduetion in fatal copcs of docoupression sickness onco ita une won
eptebiiohedls That there wos o need for cuch measuren e shovn by the
wany somies dneluading Both fatel and nonefotol coases peporded which
ronged from tho 63 cosos by Pol and Watodle {(124), dn 185 25 cones by
Iattinton {(90), 110 by Yoodvand {151), %602 by Kemys {99) to 689 by
Campholl Colding o 2% (20) in 1960. Steadily sinve 1054, prodded porhoaps
by compeonsadion oleing for doath end dlenbilily, industoy hop gradually
inorensed the decomprossion time from o £ixed 30 minutes irrespootive

of prepture to the verylong secele of tho cnrront Comprensod Alr Special
Reogulotions {119) vith 1% vorying toden 0 o slowest of 0% minunteos pep

pound por sopors dneh {unually regonded es 10 minudes pow pound in practice)
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& the Heddopiem theory 1% woes poshulabed that there wexe
bypobhobical Ussues of veaplouws holf-bimes to saburebion from vhieh it
wen possible o eslovlabte diving tables on the sssumpbion thabt cach
tilogue cowld jolovate o pupexsatuwatlon equivelent to double that of
govurablon ob anbiond pressvoe. Thooush the yeors this congent hao
bheen clahosabed by mmy workess vho, 88 & vesuld of experience, have
Inepeesed The nunbse of bisaues, ond vapied the mablo Lop cach tissues
novedsys sone worker have o slti~tissue wodel cach Uissue heving o
difforont half-ting with ite om peiic vhich varies with the ghsolute
pressure ond with the next gas belng Lroothed. Hemplemen ond Roshboss
and thele collceguen {34. 35. 36. 37. 30. 54, 73. T4 T5. 76. 76. 126,
127) showed Hhot Holdone's assumption (22) Aid nob hold ab gresben
pressuren than 2 ateosphiopes sbaciuie and they treled o wlumplify the
posadnge Dy drosting tho diver og if hoe wey composed of ong homogoion:
£lpid which could selely tolerate o congbont exoens gog bilssue tension.
Those o approsches lod to the lobroduction of diwiug tobles based on
the zatio concept by Van der Aue b ol (147) ond by Duyer (52) ia 1957
Labo the Tnlbed Blabos Efav;; {145) ond thenco in most navies,and tablen
besed on the single tissue ides by Grockex {35) into thoe Royal Havy in
1958 (132). {A companison of these tobley do pawb of Hois woxlt)e A
Sulss mathemeticion ond diver, Hounes Kellew,slevbled the diving world
in the cexly 1950's with hio spootooular dives to vomious dopths to
1,000 feot {93)s his coleunlablons seemed Ho bo based on o 3 Hissuo

model instosd of the waltinle tisgue iden and on the use of mowingl




guentitios of oxygen in his byesthing miztures to produce maximal
gredients for oliminablon of sboorbed dnert gos., Regrebbobly ho hag
endeavoured b0 keep the deteldls of his idean pecwet for comnereial
zeagons bub it is generally felt that thove im no peal now principle
involved bub wother a difference in technigque ond accoptable safety
atendardse |

The treatment of decompression gichnoss in dlvers continued clong
the ldnes pugsested by Damont (%9). Shilling (137) collected o large
nuher of veports of capen guourmring in dlveres and comprogued air -
workers and he produged e clogeificalion, based on the systom of the
body opparently ativeted, which has stood the teat of time. Hpdman (57)
had precaded him with o siniler bubt less comproheonsive cluseification
Limited to tunnel workers. Dohnke Joined the teum vorking on these
probleoms in the Ualted Stotes Novy ond hag doken part in very mony studics
over the past 30 yesma, O0On the problem of dscompression sickness hig
moot lambing work may well bhe hig shaze of the project that led o the
production of & now thevapeubic rpoubine oy divewns (51 ), latior evaluated
by btreatment of 1135 cacess - this work wos oo impressive it led bto the
adoption of the recomwendsd bebles with fov modiflcatlons by wlmost
every Novy in the world ineluding the Boyel Nawvye (See Appendix IT)
(Bohnke inoclidentally in tho 1940% wvisualised the use como day of o
comprospion chamer for the treabment of avietors? deconmprossion siclmess
(6) but this was not done 311 reporbe of dvamptile succesges in the late

1950%s 1ed Ho a drostic re-ogeessuent of this form of theovapy by




aviabion nodlicine expewba)s The mubjoct weu sumvoyed aad beoughb upeho-
dove dn 1954 in the book "Decompression Sickmess® (59) whowe the emphosis
ves moxe on the condlblon as wet ob low pressuves by svletion porsonnel
bub Behnlte (5) contribubed his experiences with hich pressuve work.
ey (48) hod swmonlsed the basic principles of thorapoubie
mecompregsion a8 fLollowa: "Phe Lreolunent of comprossed olwe illness ig
Inmeddote mgz}mpmwi{}m Recompression is proforebly done in o chamhor
eopecially deslgned fox the purpone into vhich aly con he pumped
wopldly vp bo eny vogqulined pressume and in vhich the xate of dosompropslon
in voder emact conbrol', In the 30 yeonws since thab pessnge was welbbou,
the madn changes ane that one would vow talk of “decompression Bickuess"
%0 Include Those oamed exigling while diving vith Dreaihing goses othern
thon aly and one would add bo the seguivenents of the chemben the
Loeility of access by o nedicel abbendont as needed, i.o« the chombor
aet have en acoend loelk lewpe coough to take o men. Thal rocompression,
vhen adequabe, 1o the pight treatnont vhen twosbing cosen of rocond
omety is drenabicslly obelomn o anyone who has worked dn thic L£ields
go exenplificd by the lete 8ir Robext Davis (42) who weote "o one who
hop seon & vietin of compressed ale illness, gravely ill ox unoonselong,
pub into g chamber and brovght back Yo Life in o fow ninvites by the
soplication of alw pyessure will forpet the exbreordinapy officicacy of
pechnpresslon ox be backwand in opplying 1t to o subscouent oose of
1livesa’. This can be contzasted with the inexpewrience shown in o

recent moport by Hmunner ob ol {24) who twested caves of neouwmcelnoulatory
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collapne in decompression sickoess by infesions ood prossor dwugs
although o compression chomber was avalloble in the mane bullding.

The fouw vepiables of bteesiment ave the pressnre yequined, the
shoy abt thabt pressure, the neanew of the subseguent decoupression, oud
the gas mixbure breathed dmim the denompresplon. Any other ticebnond
given In addition to negompression 18 sneilloxy ond is nmove akin to
#ood nupsing with 3o bonefits than to spewiflc thevepys HKoays,foxn
exanple,dn hio lavge sexdes (90) follewed the prochkice of sone piee
docessons and xeconmended thal the pressuve be melsed do that ob which
the tuonel worker bod betn exposed during his shilt - L.c. the workiung
presaure. Damand (39+ 40) zecommended thab the pressure he voised to
thob lovel gt which the signs and symploms disappesined - .. minimum
effectlive propsuxe .m:* depth of weliecf. Tho subsequent docompression was
o sbeady bleed in Reay's roubine and an inercosingly elow "bleodeoffh
of pressure dn Donontts nethod. In both wethods aly wes bweabbed dvping
the enbipe procedunes Gulffiths {28) wed fo wesompress his pain coies «
which he callied Type X Decomprosnion Bicknesn « o 2 pounds per squage
faoh ghove working pressure whilch he meinlained for o period of 19 ninubes
after ihe disoppearance of all sigin and synptons. I there was 00
relief, he then Iucwressed the pregsasune by 2 pownds pew sguave inch eveyy
% minvten 811 2elief occuxwvod. Mo thew decomprossed falxly quickly
$o balf the absolube prossuze op 12 pounds pew squave ineh (gompe) which
even was the greater and then conhlnved docompresaion by reducing the

presstne by 1 pslads Guedng 15 winvten. However he now uses the sindoum




eifective predsure fop vellel walllng there for half-an-hoty afber welief
of synpboms bhefore decompresaing In the pame wnavncr (67)s  this roubine
has leod o fewer peouraoneed. In moxe gravely i1l pebisubs « Type 1T -
he sbill zetwens to wouking pressure ok higher il ueedéd, and soain
aftor the dlesppearance of sdlsns and sympbons (which may be seversld houms
in eleaming)y decompression is atavbed ab 15 niuubes per pouad prossune
B0 15 DeFelege ond then 30 mivvbes ey poind pressurs o atmonpheric
pressure with o 4ehouy paune ot 12 pevodege and 2-hounr pawses ab 8, 4,
ad 2 peselege I cssence these ronbines starbed as Yworking pressuin'
methods bub have been converded to "minimun effectlve pressure™ methods.
o coubzast the USs Uavy Therepeutde tables {145) uvse the
"mindmum effective pressurs appzoach bub once bthis hes been Found this
39 uped to select on Incyowment of pressure where the man g kepd fov
half-oneiour belore commencedng degompresnion in nboges gradvally
Inereasing in duvelblon towards the surface. To addition, the upe of
100% oxyeen by the pallont ip opbional slbhongh atzongly recomended.
hese tables were based on decompression schedulesn devised $o provend
the sppeorance of decompression sickness afler o delibevsbe Injunye
profusing roubive, 1t Deing saswred thet 1€ signs and ayapbong 4id nob
develop, then the beble wonld puobobly be effcotlve a8 a therapeubic
vegine in actual coscgs The moxiim pressure regudved was fized ab
165 foob (6 Alsfbs.) o 46 vas calowlated that o further Increaso of
1 simosphere o so would not hove an apprecisble effect and highew

pressures intzodused other complications op well as deloying the bHine
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when 1005 oxyaen couvld be used (f e (An exporienced nedical officer
could vary these limits 1f he folt the case needed such inevesses).
Buring the trooiment of vthe move seriously ill ceses, periods of
continued exposurxe to certain pressurss for 12 hours and & hours were
Introdnced 4o bry and ssiunate the patient ot thael pressuve snd veduce
recurrence by allowing time for eliminetlon of the bubble. (The Haldanlan
concept of ratio wes modifisd im this work). Hendowson (82) hed
forencen the possibility of decompression sickness in aviabors in 1917
but Boothby and Lovelage in 1938 (21) were the ficvst to abividbube a
cape %o decompression siclmess xabher than to avnozla or some other
dlognosise Avnslrong (2) described the similarity of the condiition in
aviators and cl:?.ve:z:-;e: but he was sebleflied thal the wetuwen to lower helghis
or ground level was adequate thevapy« e to his work atbtention was
drewmn to the pwroblem duving the war vhen bombers could not descend while
over hoastlle tereitory to eagse afilicted sivcrow. Amonsst the possible
solutions Lemrpence ot al (97) neported on o "bends bag" inbko which the
injured man could he placed ond the pressune maised Lo 305 pouwnd per
suave inch (equivalenﬁ to sn alititude of 22,000 feet)e This latter
approgch 1is an example of the uwse of the minimwm effeetive prossumre

2,

mexinum avellable presswie roubtines, Behnke's sugmest
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comprassion of cevboin cases of aviation decompression siclwmess to

pressures grestor than atmospherdc was a reasonable extension of the

minimom effectlve pressuxe bechniguoes
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Sovoral othoy mobtows affenst the therapoubis decowpression. Tho
use of 10074 cmygon hos been invesbigated by several poople (89. 157.
100) the most conprehensive work boing by Deluke vho belioved it
ensouraged oliminabion of the dnert gos dn the roxious bubblo (9).
Tonald (46) among obhers {(122. 1;"50& 150) belioved in the oceurrence of
degompropaion sickness undor cortain ciroumstonces vhon the diver vos
broathing only 1000 oxyeen. Oxygon and helium mimbumes have boen
potommended (1;5‘;14(5 "f%fi, 145) but the main use 48 for the comfort of tho
potient an difficulties in puluonory vendilation ave thought to bo
cosod ond the obolition of dnert gus noroosis leads o a betior abtituds
by the vigtim. Ixexoiso durding decomprassion hon boon the subjest of
condrovorsys Deing retommonded by the Heldane group (22) ond the 1421
group (84) among others (10). Van dor Aus with his evoup (146)
gongiusively shoved that czercise inercosed the ineldenne of docompression
sickuosss Th would gopeny thot auieh novoments %o Ioop the eivenlotion
moving in a1l popts of the body e proferdble o ntognation but that it
is cuby to overde 1% ond moko en atbask of decomproppion sichknoss wore
probable. Whws oxoreise dupring o tveadment proutine vould aloo soem $o
e controsindicatods

Bvontuallyy tho colleotoed cupericnce of sevoral yoare of troabing
desompyession sicknens in divers was anslysed by Slaak {138} and by
Vinokey {(106) in Britoin and by Rivera (13%-‘) in Amoprico. In opsence
theso papors showed how errors in applicotion of the fehlon conld be

mado as dotailed by Dohvke (5) ond the opinions on need for future work
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vore similar. The most ohertling Mnding wes that the deeatment

roubine for o gravely 111 person coudd on accasion produce decompression
picelmoens in an abttendent vho had Deen with the pationd “bhmzig&m‘& hat
who had not bod & prossure exposure before troodmont Btarteds Lo

the routive not only 4id nob provont tho ocdurronce of decomprescion
giclness in & man vho bed not dived bud an overt athack could be
produend. In bhe meandime exporimontol vorlkz on doop diving wus sestard-
ing dn meveral countrzics ond other idsss on thexopy vwove Jdoveloping.

For example Brde {56) hes dnvestigated the use of hypothornis combined
with high prossure for teurelogicel ¢ogon of decompression sichnons with
dolayed treatmont with fusonclusive rosulits and .mxﬂmlmv (3) in Peanco
how ﬁ.n{r@atégaﬁeﬁ the use of Heposain whiol ho hes showm hon ¢ protective
offeot on onsot in dogs bub no root effeot on treatmont in mane The use
of glucose soline fufusion or plesme wan secotmended by Bohuke (6) ond
usell in o vory Sifficuld caso Dy Cookobt ond Fohkemurs (351). Hicotinic
aedd hoe beon tried with doubtful effect (163) Baton (53) hes published
hin expordonce on the frootment of goats with &afz&mza%waian és.mmem in
oxpopimental works His mothod depende on the minimm effective progsuss
vhieh ho mainboiny 262 o fow minntos £ollowed by dovompression by o slow
Pleod untild the animal heooomes postless. The deecomprossion do thon
whopped 4111 the goad aetilos down vhen She bleoed restorisy otcasionsily
animale vith aplned copd lesions 4o nod rosponidl and hove fo be destroyed.
Althoush the indicotions would bHe lcos dofinito on divers fend to concesl

.

tho reatlononoss due to reguspence of sympboms i1l thoy sre wnboareblie,
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g appranch A warthy of abbonbion. Duxing cunrond work in the U.8.H.
Workinen eud Goodman {196) have peodused o woubine velng minimeld
effeotive prossurosy vork mabdehed by Drensrd end Yeckey (108) in the
Rella  BoGh grouns ueo much lower pressures QLo aslected coses thapn hoe
offiedald dables ond beke sush shorler dimss to m*:awy ot the subsoquand
Tevomproation.

There are dwo main problems of dacompresslon sickawes in
omporimentel works Diest the possibility of tho injuwy exdising ob
grovter prosdures thon published rovnbiaes enviseges and sesond, the
oulmonory drvitont (45, 150) offest of dey s condnining high porbind
proganres of onygen on the divors in tho consedquent prolonged decomprosnions
The soetion v deop diving will exonplify the frdal and emcor rountines
developad along the Tinen of mindtun offective pregours, high oxygen

lovalas Dloed~olfs end prolonged nausen based on the oxperience of tho

At this point 4t de worth consideping the appolisl probloms Shat
spise dn &ving to Jepthes grantor thon 300 foeld on foe ar physiology io
sonzoinede The fach that oxygon at o perbiol prepsure of 2 abmospheres
in tho soo could e eoubely towic wosn demenibed duping the Hecond World
Yor in the work of Doneld e 45)s 4% 300 Seet, ox 10 His.Abo. the
peyeony 1u the 200 oxygeny 00F% nitrogew mizture thet iwm adw, veaches
Soxde lovals so that it 2¢ nocengory to vefuce bthe osygon contont of
vospired gascs of this aud groater depdhss In additlon, the nidrogon

contont bas on offents vhother dlecody or idndiveot this offect 3o
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noveobic in vabure ond has beon o highly contz:*wamizzl‘ subjost grong
regoareh vorlors oven the past 30 years. The curvent modn protegonichs
eve Bennett (13) in Goobl Belbodn sad Cevpontor (29) 41 dhe UeS.4 on
the side of o divect offect on corobmol solls ond Seusing {136) in
Gormany ond Juhlosnn (25) dn Swibverlond vho prefor the theony $het tho
gffent o due b0 Aoturbed elindngbion of carbon dioxido. O resudli of
reouont ek by Donuett (the 15 16) ond fuvbhor sonsideration by Buhlmanh
(26) 4% sooun bhat thove ave effeets nobt onbirely etbribubable o high
coybon dloxide levelo and thot ailzogon mey cxont 3tz offect by fnweding
carbon dlowide oliminodion in brain sbem oollin. Ricmsling pnd eg

(93} showed that thin effeot woo delestabie in impairped perfowmncs ab
100 foet virilo Bonuett end Glase (17) fomd BB.G. chengon ob vory
aaﬁgl&mv dopthee Hilen and Mackey {117) showed that the impatemont wos

" not eo great ap to endensoy the 1ide of tho solf~contoined diver ad

160 foote Thoso Pindlags bad contiomed the ewpspicnee of doep divery of
$he pood vho bad Lioited {the novmel wesimun diving depth on edxy to 259 foot.
Yhon ¥nd (55) introduced helivm oo the gag 1o supply the volum weguived
for pospivation on the mgeestions of Mildebrend ob ad (63, 1%h. 1355)
mentad clondty ond monuad dexbtopity tetumod fo the desp dlver and it

wos ponsonably straightforwerd 4o produce oxygen and helivm mintures which
would wok bo toric. Holium bad difdovont polubilidy ond diffusion oo
efficionts o nitvogan {412) vwhieh mwent thed woluss alvcady found fox
wiimogen decomprossion had to boe the subjeet of much oxperimpntol wodl

bud the principlen venedneds Rempong of sopply of the quenhitics needed
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meont that the £i0id wes investigatod maindy by oroups 4n the United
Phaton of Avericn. Thoe obthoy noblo gosos, Zonon, Taypbon, angon and
neon (e 15, 16) hawve oiso boen &nmaﬁimﬁaﬁ and have beon found 4o

be more nopcotic thon nltrogen and zs such imprectiocublo. Jﬁ%yémgem haty
mony ebtroebive quolisics ond Zottoratrom {19+ 159) in Sweden coppied
ont poveral sucgesofudl diven beforo ho loot his 130e through tho
inozpericonoe in diving tochniques of his surloce attemé&iﬁ%m he
explodive proporbtics of hydvogen onteil cvorloin precaunbions, ond todions
prasedures dupiug the dive so thed Little dntorout hen persicted in thio
choapor goge The use of nintures conbaining oxygeny witrogon, ond
helivm hoo beon snegesbed (14%. 154) bab so for uo ropovis of prachical
oxporioncs with sueh mltiple goo amlxlureg pro avallsblo. The effosd

of the use of heliwn on decompionsion time hos gonprally hosn, theb oo

soturotion cocups move audelly with hellunm than vilrogen, chert duration

&lyven hove o lopger dedompression diwe than en equivnlent dive on adr
bub thet longer dives potoh o sioge whero en Ingsrease in duvation doos
not lead fo much incroese in decompicssion thme (184. 1) Uhis

concopt uno challonged (49e 50) end the vesulis vore cvaileble of the
astort of the dooy ving trisie. The dwisls demoribed in this thepis

in the mookion on deay diving show thet helivn dives tond 4p heve nore
pavore sympbong thon ode dives (79« 80» 81 103 10he 105) It inm
dafPionlt to be prosige on the cauge of this becuuge of the other Testors
of tobol duration of tho dive ond the high pressurces of exponure of the

iy
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8o far the bterm decompresslon micknons hon oovered casos apising
dupdng o poduction in prassure whon 44 40 bresumed goo eppoors in
vordons tlpoves Ly evelving foom tupsrsabturoiod golutions olthoush the
peespons dnd mochanion for this proveps ope not pragincly Inowne oo
may alego Do dnbrofucad o the tispuos dimectly withoud thoe intermodioto
stoge of aolution and avolubion, os hoppons opesolonally in oliniesd
nonostues ot otmosgphoric prospura. For mony yoess It hog hopn genenclly
eacepbod thel renteistion of froe ohpension of oo dn the lvwss oy load
B gonered on locol bigh pressurss vith conceguont rusbuve of lung
blogne end oprosd of gos indrovesouloviy oy dntorstibiolly (L 28+ 33.
L'Te 95« 98¢ 125, 125), Uho prosticsl importonce of this point may bo
that co the blosnes oxe poladively unseturated in most cosen comphred
with & diver &% should bo ponpible to offeot the disappesyence of tho
hubbles more epldly by scoompression ohd do peduee the seoonduy
dumege due to hyposzie or ocodomc. Hobykots Siwat poblicobtion wos in this
£1083 ond weny authors suoh pe Alvia {123), Croohker (32} Dumett (27)
ond Seheoffer {00) hove desoribed cupen somatines demonipbroting tho lesion
which led $o the pockobing ar fronping of goe o higher prossuves. Tho
ke and eympbons ore sleilor o decorpression slolmmss ond,tenellyy
dovelop wopidly. ©OF courmos cuch cises may oconn aibon any powiod of
compronoion oo that the dlagmosis of desomprossion sickuness may not be
AfPerondioted fron plmdnory horotvouns. %he question do waizcd vhether
cason of decomproneion alckness dn vhich lesions cuch as luwng cysis axre

dogeribed ope due o on dmadeguoate decomprossion poubine op to inodequats

NN
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pulmonegy vondilodion (28). Usnight (169. 110. 118) how eppriod oud
meny oxperdunents on oadovers and enlmelso wileh chow the »ovge of prosoures
reguivod to lead to nulmomwry donege de well ap the Pood thet dhe
damogo abenis on relecso of preosuurcs Ho hos nob yob succceded 4:5;&1
* dowonstrabing histologienlly the eotuad poonege of the moe through bh{a
prlvonsry Ldning but this 24tn the observed couos dn which the gos enbry
e not pordistont mo proswmobly the inborrupbion of Hiocpuc. condinuiby
Assppoors on egualisctlon of prosauress Uelder {148) has roporterd
enimeld expovdnonts with drugs causing brovchospasm Xeading to pulmonasy
hawotroume vhich moy be dntervrofod as shoving thot o elinieeily
demormirable Toplon in not always vrosent or povaioient in mon vhich
bopdn Tids cbueopvations in such cosepe The freatment in ony ovent in

gonomprosaion on ofton pocopmondede I do of intorest thed Lundin and

Iundgren (100) hove dornoribod the use. of recompropmion thereny affor

soveral doys deley dn the dose of o woman vho had hed o Joxge aiw
orbolimm during o thoresds operodion ond thed while thoro wan no deamstic
nesponse, 013 atbondonts wore convinced thot her eventunl complelo
recoveny storded vhile a¥% high presoure iu spite of the deloy.

Mannlly cone sondion nogt bo wade of the Hone lesionn poon in
compranged oir vorkers. The couvsction mechovien Is obill wcortein. The
heet ousvey s that of Davidoon (2;,1}, dn toonel worers end he found
roversl repowted casen of the osopbic neerotic loslonn in divors.
Trolimdnany otudics hove boon coyeiod cud 4v the Royal (112 » 115) ond

Unibed Stodes Wovies (20) mugmonting thed Adving under thels respective
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vegutetions does not lead to this seguel bub thebt commencicl undorw
talings ave comeliow vesponsible. Whether this is due to the lougor
Tlne ab provsnvey the frequency of shifts, the abuse of decompredssion
wubinesy the ignozing of ninoy sizw snd syuplons ovw in the Inodequecy
of mpconpresslion therspy, @il these polnts have beon discessed in
exbonso whexever nen concerned with this £leld hove mete Duo to thoe
fidne log of developnent of the medivlogical obwnommnlitien and the wecont
prongness of the problem, it has nob beent possible to moke eny deduvetions
oin This mebier in the varloun teiols zecoxled heve, However ell men
now baldng part In onperlnental woxls heve o survey cornied oul of
reaonnended by Davidson (41) so thel in the fubure some informaibion mey
be gained, espeelally as Yhe deep Qdved ape now longer in duration and

ab higher presgupes then conmenoilal work.
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CHALRER, XV

PRINCIPLEG OF A DIV TRIAL

Uithien

In o disciplined nervice, thero st be covsbtant swareness of
the porpibility of o closh on some espeets of hunen expevinenbobion.

-+

Thewe such experimentobion is iuntended to lead to gresber safoby fop

ox higher efficioncy by the combatent, 4t 19 eamy to gloss ovor the
problen of the neans 0 the end. The goneral puide poed in this Lield
is cubodied In the Declovobion of Heluinhi (72), In o {Lm?mgg wrdody the
men 19 exposed to 2 probabllity of dnjury whowe the sevenliy cannol be
predicied. Ideally such tuials divers would be wolwibeers E;i‘ish the besd
of moblves and Hully infommed on all the visks « on doposaible situsbion
vhere the piske axe not fully knowme In ppacbice dncentives wope
provideds Loumerly these hed hegn of s finenciel noture then purely one
of prestige bul lablexly they wore both financiel end endowing prestiss.
- Dpportialties vere pogilorly svellabdle fom men to volunbeew for guch
worlny Aoy nmaw who d6 sent do any diving teom hes the pight to nefuse
o dive - abt the ziok of loming his qualificotions i his rofusel is
#aﬁeziﬂemﬂ wgreasonahle vith the financiel and posting cousasurences.

The problen of "Lree chodee” lics not only in such divest afber offcets
bub adso with the indipact prepsureds that are bHoooght 4o beor on & man
Ty his colleagues oo nembors of o selectk group, by the abtzaction of a
phope poating in the base nreny on by the possible gomments in his

mocord choobe The shatement by the Medleal Reseavch Couneidl (114)
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olearly deliveabed the problem in the cese of proeedures not of divect
benefit vo the individugl.

Theve is no doubt that the discovery of a diving woulbing vhich
will mpeduce the Goll of injdury and pemgnent dissblement due to
eptivity vhich dio caveded on fow militexy, comnerciol, ond lelsure
purposes is o landedblo ond. Wiih the eowoperabion of tho mesponsible
offioers the othicsl difficulbieon of the partiecipation of the men weze
gafemuanded Dy the adopbion of the following woubine. Whon the
ingleidunl i noninated fov o teinla team o he voluniteors for such o
posting, he joins the tean tempoxanily to leawn ghoub the work involved.
Aften an dntexview he may decide pgodnst sueh worls and an albernobive
doadt to :;-1' glodler billet for sea o shore vervice ia found; i he
wishos bo continue and he s considened suitable, he cowrics out o shoxt

orobetion period end only afben mulunl sgrecnent is his posbing confiznole.

At o lator debs he wey change bis mind - oy he may bogons wasuilteble fop
veppons obhex thon his own Lomdt - aod in thel case, stzonuous effowxts
are nade o brawsfor hia to & suiteble posbing. This posalbility in
explalied to hin iniblally but no guaranbee fe given other than thab
pbbonpts o Find such o ponition will be medo. (He may also leave tho
tren Lo disciplinory or othen sdniniebralive reasonn). When o wman
leowes the tean his record io marked to the offent thet he book part in
such work » and especlally in any nobable event - bub no mention is node
of ooy wossong obher then dlsciplinayy for his depanduze wnless there

is o enfoyeed Limitabion on his fuboxe diving cuployments To this wey
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an accepbeble method is provided whexe the divewr mey “conbrneh out"
with mindmal indizect pressvre whoethex he wag a volunteer op selected
instead of the idepl rzoubine of "contazaeting in'' with Lull koovledus.
In reaching bis declsion the prospective subject must heve
confidence fivet vhot the twinl is worth doings second that adeguaie
prelinivesy work has been donoy thixd that the contwol is adequabes
fourth thas he will be glven the best available treatment AL he in
affiicled; ond £i8Hh fhat in the worat possible outeone of sepions
Algability he and his depondents will be trepbod humencly. The Lized
Three points oo essentliol (o the porfomauee of the work in guy case
and the founrth is nabisfiecd by the semwvicen of expenienced medical officers
and abbtendonts bacled uvp by consulianto. Yhe teadibionel ontlook
on the £I0Eh poiat is chepgings In his troining the chavacteristics of
initialive, o sense of pesponsibility, and seliwrelianwve aro developed
in ddvers and these avbnibubtes cennot e igioned in exponimonbol vro:z:l%:
however less teoublesome Dlind obedionce alght be. In thics dey and azxe
theose quelities have led to dumestic avrangements such that the previous
compensasion of approprliste pensions do weuwally lasdeqrales UThile
death of the diver may lesd bo his deblis Delng podd, a disahility
ponsion is mﬁ%m insufficiont o maintain hivewpuwchase peyneuts. Sone
fomn of insurence G0 cover the oubstonding debils either oz o lunp oun
o a8 o regulapr supplenent of dncome munt be considered o8 part of the
expense of pn ewperiment wheve weduced onming cepacliy mey '}mm:

however wndikely such on cvent may he. It is vornthy of moledthat thone
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hag been wo lseh of volunioers alithough 45 hos not 2lvays heon poasibdle
to orronge thely relesge feom thelr cuvrent tesks and thut o for mon
who wore dmafbed emorciced thely »isht not to dalke part.

Hoving leid down tho conditions on which nen may be found fop
triols vorlky tho next g)mmém io how to dlocover thody suitability. As
tmowledae mf diving physiology de obill pelobively limited, the probloms
of golection ave wolobively siunple. The mon obviouply musth bo compotent
ob thoir job and this mesns thet they mst he £fully trained and
exporiorced. Hites (114) has cornied out o survey of mome physical
c*:hamc:'ﬁcamstios i divers and found no point in vhich bhey differod from
national servics men afbor initiel cobry tradning. Wise (150)y in the
Tieht of work done with elvovew on srateptibilidty to Jdecompression
pickness (0. 66), Found po prodisposing foctor iu 1,003 divers cxomined
for agoy helght, welght, and body types. & genexal olinleal intenview
and expmination and an X=ruy oxwinetleon of the chest ene reguired in
cech man to confima big shobe of heolth and his gonoral abéditude. (In
deop diving work BB ond slolebal Xerays ave now belng fohon oo
condrol craminationn for fubture chooking)s The tesbing tlue Ao the firet
Jdave whon the new non hes b0 onbrust bimseldf to roubinen thet hove nol
heen proved pafe. Fox this seasony it iy eosential thot one ot lensh
of thoso respongeibie Por the triel shovld e dn the sotued diving teom
and An pertionlar 3V 3o of value 3% the dootor san he this mong  another

good cholee 45 the genior diving officer responsible Dor the covrying




ont of tho prograwmiey the designer of the diving equipmont showld
alno Gives. Ho doctowr con be as well teained aa the divers but es long
aa he is known fo ho %"«éii%ling cnd eetually doos dive at aome opportunidy
The ddvors will bo satinfleds In deep Aivisg he mey be pownitied do
dive under very thosoly supseviged conditious ol & lafer dodo = oven
L 4% dg only the very lest dive on a ®oubine alwendy sccepbed on the

S

bapks thet they wanb o make sure he io alvays £ib onough o tvent thome

i

Onee o triod hog Heen undew wey Tow coms time, leon oxporienced divers

A

moy telke pavd I &% ds olear theb o lower shabe of dreintug in socepioblo,
andl gomy sueh Avers id dnke pand dn dwo of the briels discensgsed in
this worlke

Aa eosh diving deial ds intonded evenbually s o working voubine,
the divers in the sxperimentel team should he veprementaliive of an
opevebionel unlts In feot o cese misht be made For selocting divens
knov b0 be suseopbible bo the mishke involved, mo thet the wowval posnible

sosutin ore obinineds

3

ors
It hag long boon koown that &lvers vary Bobh betueon thengelwves

Qughes of Dives ood

ontly For ooy one pevson, fzem day bo doy (il )y dn Thoir suscepbibllity
o Alving injuries of vordous kindg, There Im of presont, no colbevion
For the sofoty of & roubive other vhon the ineddeonve of detompression
sioknong, in epite of shtompbs Yo prepare seales bagsed on sovendity of
atgon and syaptoms (141, %2) op speeisl post=dive denta (92) b0 ascees

dives dn o anentitadive mamons Superficlelly thore dg a 50/50 chavse




hessuse of $he eaﬁe/x’m casa onboone of each dive but cupericnce hoo modified
thin altuablon by excluding the ontrewe situations of ell injured op

none dnjured without however deflning the veriohlen cougermeds Mhis
naken eny abbempt ot 2pplying eophlsticated stetisilesl »ulon a pointe
loas postime. Some decdsion had to be urde on the vuwber of dives thes
miok he done befove o poybiculer voubive con be considered oo tesbed, as
neither unlimited bimo o wilimlted muwbers of mew, - or unliniied money -
vere avallable. In bhe posh wp do § dives was considered sulficiont 4o
cheols & ponbive fop aiagf ong corbinablon of depth and duretion. Nopt of
the delaln hove zeporiely were cevried oub with a berded of 10 dives

by 10 aifforent individusls for coch clopy this wan nob elways nohiovede
Phis nudher wvog soleated on an arbitrayy and induidive bonls ond woo
seoepied by verious authorlbies with 3attle discussion {101). Decouse
moro ddven wore done by & greader nuber of individunlas thooe {trisls

are wope acaepbeble thon provions work of & siwdlar neturey nut o
pretonce in made thot o sebiofoctory molution hon beeon found fo the
auontion of what is & wolleplovned desomprescion triale A triclo teom

han verded fron 8 fo 22 individusls ot any one time bud the inevitable
gorond of eosh Yied over & peviod of Gime hoe moon® thal meny more men
hove uesuelly dsken pard dn ony ono triol,.

Asnicooront of Gogen of Netonpression Bickness

The aotond dive soubine and vordons mobtbors of couipmend and
deconpression tebles vory with coch brigl but o conpbont need ip the

sososonont of the condition of cnch mon duning, ond aftery the decomprenslon
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of his dive. Albost every diver ab the nbort of his experimenitel
experionge fiude thet quentions aboul hin hodily renobions roould in
songedions he bad nob proviously noteds this rooponse is complicabed
oo ho dops nol know vhet sonsadtlong he would hove i he had developed
decompreasion olclucss end he hapg hewrd many dap room toles about the
digebilitlos in undicgnosed op misntrootod cosoms Whore & phywsical sim
is presout, there dg IabEle difficuldys  usuelly the complainids are
subjective and cxpopionce i reonized both by the diver and the doctor
i egcorbaining tho enure ond the sovorddy hafore mg;:pfr:epmé,%e Brantmont
my be givens A% one btime come novel divors suggonted that 21l sonior
divers mndenge on atlech of decomprosnion sicknoss 40 goin oppericnce,
go thet$ treinse dlvers wovldd leomn diroetly fvom one with oxporionce
but this proposition wog mojooted out of hand by thoss divers ond
dentorn with expeplonse of the vordebility of individnol onscentihility
and caoe povordiye.

Ghoe ayopboms ond slens hove Been accepted on duo to decomprapsion,
tho dive in gquestion cen be connidered pisky. However individunl
variohility o such thod an afdeguvte moubine way obill bo ponsibleo and
e &ﬁ&;mw:im nondd be wrongs  Hithough 811 such cosep showld be diepnosod
na desompression picknossy which io o cserdous couditlion, o furthor
empirical ologsifdcation in concied oub into major ond ninor atbocke.
It 4o roaliced thob thin myyw be intornrobed. oo o Indicobion of &
{oense which hos o shondy progronsion in meverdty proportioned 4o the

inndeaneey of detampression, bnd this attitude would be es wrong us &
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olein that thoro wes no such progeonspion. Dzperlence vhova thod 17 decompre
fon glekacos octuzs ofter a dive 4t moy he of eny sovorttys 4% im nore
Liledy $0 coour in minon fore pother then mejor 48 the decompresnion 3o
bapely ouiTiclent and covvergely 49 the decompression io grossly
Inndequado.

Hrobloms of Troatmond

Thors ope soversl prooticel petsons for uslog soverdly on o gudde
but the mein one in the therapy requived. Onve & non hoo gersied oul a
etondond. thezapoutic reoompression regimey he is roluctont ever to corry
pub another unloss he foels, in hiagoldy thet it io epgentiel. IF dhe
madicel odvisor drends 0ll cagen by resorpresnio, the diver tries %o
coness his own condlitiong A7 he conpidows it driviel he will nok
weporh ;3:154 symptons and slgne and ho will oy bie own pemedios.
Dopompropolon sickuoss is an injuny theb wey Decone eynpbonlons foizxly
quickly vithout opecific thorepys or it moy ho eased by such home
romedios ag o immg enelponion and rasts or it may he quicscent Dor som
houes and then reburn with incseaped sevoritye In the Jirst fwo
gituationsy no hoen moy be done to the vietim bul sssepsmont of the
decomprennion roubing moy be csrronaous, while da the third situobion,
the condition may bocomn vory difficuld to treat. I the doctor treots
Bis podiond ag woll so the injury ond usen oympbomatle palliabives vhen
indicated op woll vo speolific drootmenty ho hes the advonitsges of cow
operation, surveillbnoo, sod informebion to eoplotd hin dn hios baslk of

posossment and thovopys Thio poind ooy seon to hove beon loebowesd buab
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from personal ewxperience men will forego financial xocompenss of sung
of R0 ond over for & tventment of 10 hours duration o so zather than
veport siclk if o therapoubic rogompression was proboble. HMen have

also been kinoun to toll sovaral doys loter of sympboms thet had ococurred
but vhich had pince disappoured, thisg insplte of o flexible approsch

to troatment by the attonding doctor. (The problom of bone damige io
vory worrying when dealing with men who have concealod thoir injurye)
Gluassificetion of Cosen

A preferance fop dividing casen into major and minor categorieon

rather thon by system lavolved has vlwveady heen montioned. Such o
division has fwo proctical advanbages. Tirst any illness not due %0
the decompression, such as o simple bruise can be congidered as o
winery cose ond there is no indicetion to underestimaite signs eand
symptomn. Secondly, the clesgificetion helps in detormining the mest
poriod of o diver after an incident as in o minor coso o "lay=-ofdh of
2k - 48 hours in adeguete but a perdod of 5 ~ 7 days is nrudent aflcr
rocovery from & major incldont. Tho differonce betwecn the two grades
yepts on one Ffaotor « vhethor the diver reguirved to be pecomprossed fer
thoropy or nob. Thus a majow case ig one where the diver had to be
recompressed for the melilef of his signs ond symptoms. AlL other coses
are minoy onose

Major cases have signo and sympboms vhich vangs £rom aching pain
to cerdiovosculor and nourological involvemont of vorilous types. The

amount of compression required depends more on the espeed of development
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of the copdition and xepidity of therapy thon on syuton or syobous
involved so that forther sub-Alvisions of essesonont ave not wordhvhiles
ey vecompropsion i entugh to clessily the ableck os major. & ninon
cane may prosont, o8 loosliced prundius, o exythons or mild achos
zound Jodnts vhich rzespond fto pild enslgesics ox o head therapy in

the foma of deep ot weber bobhe or 4o simple mesb. The poraibillliy of
vegonprension may avice i€ eisns ond pymplons progress and theso

Indlente that this would be helter thovapy - in foct o hot balh may
soiehines be provotsiive In cosenr of Awbt o So the bosd frontment fov
2 porticuley aogo « ad sueh coses \v.-'mum be reclopalified as mojor vnes,
Ofhon An copes vhers achiong peing ope the only symplons, exvors con he
nade by wderestinating the severlly £ivst by the diver end then Dy hie
nedicnl atlondenta. ITn osveh casea oy hoonldedse of the individuel
will moduco the pousibllity of ecxvows A periol of soveral houws of
porsistent nild aches ls an indicetion of cxvor in aosesenont snd such
copes ghowld then be congidered a8 wajor oven 1Y mecompzonsilon thonapy
hae not Doen used.
Aapersmont of Takalo

38 i adnitbed thot the stondands of msoonsment ove aswbitzosy bub
speosasinl oporational roubines have been ovolveds % 45 consldozed
thet In teiel dlves an ovewell incidenco of mojor cases of 25 is
annonbable (101) o5 tho addilbion of safely foclozs fop oposablonod use
sould xoduee i:hﬁ_z_a conalderably. Vo conpessble stooderd i avellshlo fom
an gmongency or en exgeptionald woviine but edeguode trostment facliitleos
ove voguized {132. 133) vhenever and vhemover such o olimabion nishb

wdan « ond the »isk of deeowpression alclmess po found ab the twdela
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apsesanent 19 oo of the fachors baken dnbo agformt before an
excepbional dive may be pexmibied.

There decomprossion theonies are Deing tested the assessments are
eusslerns One mejor case meons the schedule is wnaccepbobly dangerous
a8 does the ocourrence of mone than two ninor caserd. The ocourvence
of one ox two minow duses oub of the gwoup of ben dives on o
parbiculer voutine would mean thalt the nexbt step In the prograume vowld
be carvied ovh veyry caubiously twt not necessarily sfber any allovabions

3 the plaone




Diving quelificotions in {the Hoyel Nevy ave usuoliy swornded
aflen sppropriate courees Liavo been successivlly conplobed. Waval
equipnent ie desimed for specifiec taslw ouch o8 salvage ond mine
cloppance. Very Lo divers hove oxporxdence of oll types of diving
equipnent although the geeot mojority have had an oscasional dive in
equiypment othen then thal of thely specialiby. For cxumple a Gleazonce
Dlvony nownally o self-contained swlmeny is not olways oble o move
with comparable speed and eeonomy of effort Lo thab of his Stendond
Diver collepsme when vwoaning the labbors! draditiousl surfoce supplied
belnet and ather equizment.

& ehange has been taking plece in nevel diwing however and
although theee of the {tzdnls deseribed hewe were corried oub by mea i
phondard cquipneat » sithouvgh the xun dovn dn the Standard Diviang
bwoneh led o some of the telgls divern being Glearcnwve Divers by basic
troining - the fousth trial vwas ooxeled out by swismero in a xole thab
had been enclusively the presexve of the holneted man. The £10th tedel
described deals with sulmarine escope xaining in vhich equipment was

used to provide huoywiey only.

Tt io much B0 the opedit of Diving 0fficers ood men Hhalb the

Bvelyy of those drpined diffexently elveys led bo friendly banbeon ond
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ond conpebitlon pather than do Dickering and lack of teonvorlk. This
wes helped by those few divers who hod tzensforved fyom Ftanderd to
Gleavence Diving. The exporicnce in diving varied from men with 20
e sexvice in stondawd equipnent, - that is before selfeconbained
diving had been loptifuted in the Wovy, - to men with o 3 weeks course
gonpleted sone nonthe before, The quelificebions ranged Lvom officers,
gualified as Cloomance Diving Officers op o Gualified Deep Divers,
and potings, of the thive grades in cach of the Clearmnce Diving snd
Standand Diving bronchen, who weve il £ull time divers, Lo men vho hed
qualified in one of the fwo Bhips! Diver's geades and vho were posbebime
ddvens oa they hod other qualificetions such og Mechanicel ngincony
Stoves Mpsistant, Hick Berth Abtondant, on Seonan.

Pexsonnels,, Phyoload Togkoss

The non verled conpidewvably in respect of such chovagteriotics
28 agey helght mnd beild bub a1l vewe still eppavently healihy enoush
w0 romedn on agbive dubty in Pullcens cobogory PR. lge varied Lyom 18
i 483 woight Lvom 9 atone %o over 19 slones height fvom the mindmum
abandornd of 62 inches Lo 74 inchess and Dody uild from exbrenely thin
o oboge {l.o. wgisd ncosvremdént meh groabter then chost messurenent)
Raudinment

he equdpnent that ves used vanled with each truial ead with ithe
phago of the trlal. These phoses foll neaturelly into those vhepe
simudated dlves werve careled out in compression chanbers end those

vhere the dlves weore carpled oult In the scege
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a) Gomprowsion Chauhors

Puring o compresglon chewber dive the mon in oxposed to on
apbient aly pressure of his cimlated dlve bub doos not Hive the hydrg-
ghatic effect of pressure differonce bebwotn heod ond foet. If he is
coroying out o dlve with ailyr or some mizbture of oxygen and helium as hin
breathing medivm, the dynemios of his rempirafion in wnencuthered by
breathing equipment ps he noruelly breskthes chanber abtmosphers. The
encrgy ho expendn s loss than on o conparable gea dive unless he delibepe
otely oxervolses on & rowing mwachine or othor worlk devieo. Tho diver ip
vader constond obsexvation thioush the port holes and he ls in commupnie
sation bobth by volce and coded glgnale go thet o feeling of isolation in
abgent ond rarely does he bave any apprehensivo feelling of failurve of
oquipments I€ he is one of a group diving, ho may be parbiculerly
affected by the feeling of generel hilority ond izvesponsibllity engendem-
ed by inert gas navcopls. lHe van wrap up in blenkets o be warm and
comfortable during decomprossion (Mlg.15) avd ho may oven have o nap.

Altogether ' diffexens comprogsion chanbers wore uged in dwo
euboblishmonts ond one ship (Plge 1 and Mg 2). There werve no differeonces
in principle la the operation of the chenbers bubt there were many miner
diffovences of congtruction all of which had some bhearing on the trizles
all bub two of theee differences affected the comfortd of the Jdiver
{(IMge 3)e When it iz vonlised that thewpe chambors were slso used for
thopapoutic compressions which pometimen took up o 5 days, it cen be

aporeciated that the condort of the availabvle chawmbors was relovant to




the disclosuze of alens aad syaphons of decompression sicknens aad fo
the degislon os o the best dreatuont in o pavticdlor cose. My
dogmebic Instauetions for therapy wder il cirewnmsionces could be
cmmel o men Liable 4o be wder thergpentic condibtions froguently either
o8 & pobfont on op pblendand Ho o petiond, houwoves valusble such
Insbiuetions might be for the narve ccomrpence In en opezationol toone
The tug dfferences of opexablon of the chevbers congerned the
asecenndbiliity of the patiend ond the cgnipneat fox sdivinlstering
elbezanbive breathing mixtures to that of the chanber sbuosphere. AlL
ohemboers bove snell compavtnents, commonly neferved t0 os modicel hand
lockay Shoough which supll Stons sueh as food and drdint, pecrepbionol
nablbeny duvgd, and Lopr hyglonic neods, could be pesoeds IHowever 275
lilled wedienl abbtentlon wos wveguiveld fow the pabiont « Lo exenminebion,
pasaive physiotherony, sttenbion Jo pretsure poinbs, calthelenisoiion
and blood sonpling vo mention a fov actuel mequincments of the posty -
wrlens o sultehly trained pewson hod scoonpenied the pebient indo the
chapbor ot the onsedy & very Jdiffiouls sitootion could ovlee. Forr thig
pepson choanbopd fa’lmﬁ.& hove at least two lorge covmunticsting . compeate
mentio ono of vhich covld be used op o menelock. Once such g look i
asvedlebles opportunity cen he tekon to relieove the abtbendonis, or do
Intvodnce another peblient 1€ asuch o neod avices, One of Tthe chanbern
on this telel ves of singlo compoabtitent congtwpebion with small hond
tooles  two chomberxs had o lexge foch on coch side of the mein comporbe

wendts and the supsindng four hoed the common lowsge look and main
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cotiparbasnt conatiuetion.

Eﬁmmhmg ?t:m chambor pimosphore i thoe sinplest syrengonent fop
the ocoupands. The covbou ddesdde concentrabion in the elosed
compartinent will zise but Dreguent pentilation Ly Liwnhing ges heough
the chenbor will avold ouy denger fzom thic cavse. Ab blmes it ney be
desivable for the men o boeathe o diffopent oyyoon and heliun mizbure
ap puwve omygen fon pows of o pimilated dlve, or of o wscomprossion

therapys  (Probloms of cheonde expotuxe wiske ond the five hazoyd pub
the poseibility of nusing pure oxygen the chopber sbnosphove oul of
practicol conslderation)s The solublon must bo some fomm of breckhing
equipment. o thoso bolaln several types wore wed either £itted o

the chanbers op popbable bo Do tolen into o chanber. The nost popmlne
sonndated of atorese oylinderxa of the sppropwlote guo ouiside dhe

chanber fod theough o contool popel 0 o wain pipe ineido tho charhor,

the nen bolng zame o conneet gimple demend velves with nonthpioces to

tais pipe (Fig. 4)« Suoh o oysben kept bulky equipnont oub of the

chanbor leoving o moxdswn snownt of won Lo the ooewpenbs bub it

wepted gop end coused o fioady provsnrd nise In the chonbor. Albernpbively
the conteold ponel could he Ineballed inside 4ho chamber ond the demend
relven conneoted dlvectly o 4% thus saving stwchuwel modifications

but decressing the available spese and abill leading 40 o prossuse pise
Peom exnoled gase The popdlay ayston wes pemenently Litded dn one

choriber and the indeined ponel was uwsed dn two others mont o‘f’gﬁ":l-e time.

AL chanbors vexe Pibvbed with a gyobon which hed the mupply cylinders
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cxbemally commectod to voducons ‘:u'as:m.a the chanber and thoe zos vos
then Yed %o olosed olwoult breotidng sppovetva. Thio systom hed the
advartboges of fs:";;i}fx%i ém:i gog egonony vt the huosthing equipnent wes
heavyy end ves only Soloxveble fow chowt spells madnly becovae the gases |
Beeome wneonforbobly mawms fron the abroghonts  gonesally 16 wos
vapopuler gnd hod n dotrinentol offect on the movale of any dunvalid,

In foot o fouwth wethod wos preforeblco and this was Yo nmove oyiindens,
sontnol poneld end denand vedwes 99 one wnit Into the chomber In spite
of the disadvantoges of Dudl and wolshls

Other JifSeronces thob exluted Hobweon ohanbers wenp not imporbant
in the zondine but wore of inporboupe fo the dlverse The length and
Olometer wore the nogt obviows o vhe dinesions detewpnined ouch poinds
o obIlAty o slecp otyetohed ouly abillby to it wrelshi, and ohility
o gtonds  Snall ohombewxs had to be vendllabted muoh nopre froquently fo
menove coxbon diowide and repleniich oxygen when the chusbor stnpsphore
was boduy Dueothed.

During this process, nolse was fepublesone, cspecially if
broctment was belng wadervbakeny the noise of compression and
decompression fyom stoge o stoge night bo aocopteble Dud the wnavoids
ehle Insiotent sowd of pelonte of compresaed god duwving youbilotion
provended nowmel slcop ond copoed fabigue. {(Siloncers wore boled hub
vorve rolobively inelfestivel.

Wde beuch seats and Loldiag chelvs wore desiveble whare they

gould he Lilted o5 pome dives ookt up to 22 hovgs in the chambers and
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some thovapies were much longer. Dvaniwally foon mibbor seelt cnshions
ond £loow and Deneh notiyesses wero providad.

Conmmications were oithor by wse of coded Imwoln with o nollebd

o by neand of o psomnd-povered belephone indticlly. Iobor foup

chombons wore £44ted intowaglly wilh twoevoy niczophone ond loudspeoken
£itting co thoet the occupants were alveys ovorhesyd by the ouber
avlhendantc. Doter still the systen wes modificd do peceive nusic and
the occupavie onge more hed 6o hnock 4o dvay obbenbion 4o theis wioh
B0 transndh o nedsoge ond the pwelce was then tumad of

The fdusl siomificent difference bolveon the chorbers concomed
the themal Insulabion. 6 wae founrd $o De neosdly impossible fo i;er-:ﬁ}.
the dnhebibents wvewn in o stheeld ehém‘ize:a in the open edr duning o Beitish
Hator vhile o light plloy chamber in o worm foreiosy swmer needed lee
blogks on top Yo madntain o comforteble dudtewnal tonporatuve. Swuings
of up B0 30 degmess Uenbigeade (99 deprecs Wehmenheld) weve wveconded
on severel occogdons dunrlng suveh simwloted dives. opo afeble conditions
wexm obieined vhexe the chanber wog kent tndoy cover in on oven
tenperatune ond such conditions opplied te § of the chambors, 2 of which
vors o boand ship.
b)  Submereible Gharbore

Ao o Link beltween cavlpment on lend and oguipment dn the oeay &
belof descmipbion of submeraible chemboers i melovent (Fice 5)e Two
such chombors wors wsed. The peinciple io that of o ddwving beldl vhieh,

pith Lte ccoupents, 39 xoiscd and lowered in the den pobher like a Lift.
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Tho waten lovel 1o kepd down by pos supplicd fron the flogting bose

pz ship po thot the ocoupenin ayve evposed to the anbiend presaure I
e  The chasboyr i Jovared elltbor to o polnd vhoxo the diver thaw
gotlles forbh ond wobums oy olte 19 o podat vhers the diver, alvendy
astorsed i encent meoly ond eniexs 4% o compleobe his decompresnsion.
he chepber is then heisled on reguived and when Iusbauobed tho
ogetpants oo olose & habteh o scal the mouth of the Dedl thun convomie
ing it oo o prossuee welaining veoscls The divers mey eibther Droathe
whe gimosphene of the bell op they voy use breathing couipment. This
chonber s theo hointed inboand whexe the presoure 36 pelocsed oo
pleanped while i1t xesto on the deaks I {he cose of the nower Dell it
ig E@mvﬁm on top of o compresalon chanber into vhich, onge the pressure
in wodsed to nabeh thed in the upper charben, the divors byonsfoiy

(43. Mize 6o cud Wige 6h). fnce the bobeh in olosed on the wecodving
chaphen the preosuze i3 relecsod so theb the bell can Be wsed appin
vihile the £ixst divers conlivue theln decomprension In gresior comfoub.
e refincments of the seecond bell, compaved with thoe £iwot, other thun
the txemendous volue of the possihility of trenufor of the divern wdew
prodsune fnom ses o chipboard, ave commmicablons, olosed eingult
folevision nondboring, and gos swpiles cnweled in oylindess potmd the
uppes part so thet duning veny deep dives the submersible chanber Decomes
& base for opexating swinmers withoud oo many lives and hoses in the
wober and yebt the swidoee contzollem ppe kept folly infomned ahout tho

safoty of the mane Ao well oo opexablonol adwentoges, the tvonefor
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ayaten allows papidd nedicol gpeslotonce 1n cone of injucy to the diver

dupdng the decomprosaion.

&) Bresthing Soudpnant

In the gogy 42 diven were copeled oub wilng eabizely Golfe

eondained aguipmenty 664 dives vern done using elbondaxd equipnont

(e 7)e  Thin ds the femiline iddea of o diver who hes & ourface sunply
{Me. 7)e This do the fenilise ides of o diver who hes o ourface supply

to o holmed ond cordelet cbiached fo o mibbeorized twill sull end the

buoyency iz counberasted by heavy bools and cliest and baolr wodphbs

{nmbunally She poosess of onboning or leoving the wober with 160 1w,

of eguipment i cuowgolic). 4 txansistordscd commwmicabion syatem wes

vaed nud the wire vop inoluded dn & braided ropo which soted as 1dfoling.

Haough odr vigs provided to ventilobe the helmed o prevent cazbon dioxnide

soowmlation and 14 was supplicd st o eldisflly higher prepsuxe than thob

to vhich the ddver was exposed; {the diver pogulabicd his buoyeey o

Just negative by controlling the oscape of gos by the vwalve in his

holnots The solfw=contedusd equipnent used was sindiow to the standnnd

gooy except that the oo supply wos conbsined In four eylinders on the

Adverts bacle end brwething was copeled out In o olosed elyoultd systeon -

thisg cquipient G not come into penepsl W90

The penaining sea Adves = 211 desp diven, 206 iu nunben » were

capeded oud by mony duessed In whben sulbs enboned theough the neek

ond intended o koo the swianers dyy ond with fing on thelw Loeb, and

comuonly deseploel o froguens They wepe not eabively sclfecontained

a2 bhe bronthlng cqndpment congisbod of an open cizeuld aywien vhere
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aos Saoim the surfoce - or from the oylinders of the submorsible
chanbep » wos supplied by ailezplpe Yo & meducing systen and demond and
oshaust valve on the diver's bask and then by Lroothing tubes to and
Pron o mouthpdece sed in o wide vislon noxls {(Fige 8). The moin supply
was 8o aveonged theb an cocyvgency stoply of gos cavpled it two smell
cylindews on the divoen's Daok would avtomsbicnlly come into use :lé? the
noin pressure dropped. This “gobeyousbone® supply is the ~aodemm
comtorpaxt of the volume of gas availeble in the hielmed and vpper pavd
of the sult of the stonderd diver ead leste just long enough for the
Adver o poach hin bose without delay.
The Bone

Tvery dive in controlled foom o bese whewe all sdmindstyative
debolls can bo doolt with. HdlBe Vomon, o troining establishnent
covpded out this Lonctlon for the divems while They wove corvying ouk
the dnitiol compression chanbor divez. The Advimalty Fzperlmentol
Diving Unit (L.3eDa0e) situabed vithin the boundanles of H.H.8. Vemon,
g o onall valt of engineers, dlvers and dwenghionen zesponsible fom
deviaing and developing diving cquipinents I% i o mined $ivil mnd
wnilfom esteblishnent of the Royol HNovgl Selentifie Boxvice. Both have
theis ovn comprassion chanber foacilitics ond both hove thelr om mediesl
opgenisabions AJdD.U. sponsoxed the trlals on the adr dlvesy combined
dives, and suxface deconpression dlves and the Wnlt medicel officer
had the nejor sespoasibilily in seeing the wexls through.

HelleBe Dolphin is also o teoining entablislment but only fow
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subnenine erouB. M powt of the tmedning, submeriue escape is carrnied
on iu o speeiol depavboont which hes o full Gdne s40ff including a
dootowy vho hos some advlson Ho cell on if requized. The edvisors
are dootoxe who hove hed ozperience in this $lold and axe svailoble
cither ob ALJDU. op the Redls Phyniologleal Lobozstory (RellePeln)e
Compresaion chanbern foellltien arve avellable et the troining bonk,
RellaPalie 18 o zovearch entablishaent of the Noyal Havel
Seientific Sowvice el 46 piaffod by nclentiats and technlciang of the
civil side of the Afaireliyy with the spsistonce of two Hedieel OCFiconn
from the waifomed side. nch of tho work concomns besic rosenrch into
diving end enduel work is on dmpoxbtant powd of this. Coeoperabion
botwoent RulfePolie and AeTeRoUe d8 Impostont ond one of the doctors is
appointed to hoth uaitn. ‘ Mg the deep diving pmgﬁ:«mm camne £xon
discunsions ?rii;li Doth wnibe, aninel work by RNvPude with the selentists
having the major roles Hhion AN arranged Loy cnotngh divers Lron
Hala8e Vornon to trevel dedly o B .Pude {geograpbienlly auite olose)
ond comey ouh dives agreed belwesn scieniists, doolors, mnd divews of
the two wadds in the most conveniend mmpxé@s:ﬁsim ehambors {pometines the
solentiots dravelled Ho Hu.S. Vomon). Tho teommork wos such thet
RelaPeie mloff would oporete the compuession obambers, uwnden the cone
of auelificd noval diving officem, £rom AuEeDWU. with the medical officer
cxgining, advising, eosessing and Iif need bo iunstmmcting oa treolnent
nessures fxon his dual post. The next sbege wos to plan the sea txlp

vhene the f.XDeUs Sook the mpjor nesponuibility to covzy oud the dives
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veguived by Releediey Tthe dootor con®luuing his xole.

This Sype of shoze hose oxganloestion led to consldexvable floxibility
in srmongenenbs In thet moles wore foivly elosoly defined hub slloved
considersble cowopevabion bebueen the peseoweh aide, the voen sido,
end those who wese mesponsible for the viching if all 4id not go wells
Thuo sone of the telels wore more in the nobure of experiments cauried
out for Sclenliifie OFPflcexns of RBellePale {37+ 394 80s 81, 127) vhile
others wore mweally oevaluations of rovbines devived on their Informbion
by Naval 0Lficers of A«EDhUs gud Vedical 0fficess of both wnllbs
(34 36 38+ 1074 1024 107e 117).

The son dlves were oLl emm:& out Lron HJldSs Hoclain which hod
been completed as o deop iving tueining end zesearvch ship but duning
the pexlod covered dn this work she wap @ivcm ait aliomative moloe o8
o support ship (Fige 9 mnd 10)s  Ouiginelly she ceampied a bomm of 2
Plving 0f8icone and 12 dlving zobinge ond § Qdving Medical 0fficer with
ofdequate storage, working and molntengace spoccs Iabtenly the neeln of
hew othen zole hod zeduced the sdoroge and matubenanee apace end hew
teon wes reduced to 7 Diving 008icow nd (’3 diving motings and hew
Vetdeal Officer won loss foniliep with diving problomse This
doprovelion neand that fop the diving twiels hop toon had Bo be
sogmented by op to 2 Diving 0Lficers, 1 diving lediogl Offlcewry O
expenionged dlvess ond 2 cngincers %o cope with peoblems of ges nixing
ond supply oad cowipnent generaliys Howoven Yhe ship was stdld oble fo

£dad the appropeiste wabor conditions fop tricle vhother in Vest Scotlend
pen, lochs ox Cenamy Islond hexbovsm, Howvegien £jonds on Iboexlen bays.




Hany foebors oxe polovant 4o the problem of decomprossion
slolmess in ddvers end in wilew of the obseurity of suoh wspeoie oo
mechenism ond pathologys dovbtless there nye many still wmppnecicked.
The presoupes to vhich the diver In expoved andthe duroblon of
exponuve are closely iinked and fuwndouental copeetn. Ta this chapbon
sone neterial points ave dlocussed In more debail.

Szpogune Contuol

Pronsure In o comprensicon chavber 38 relobively onuy o meaguio,
the rpain problem bedng the desivable socureeye Slople Bedenbeng
sopges with dlel dieplay eve common bub osmeb scourooy on sueh o gouge
i only possible ab o postionlan point glthough the emwon at elther
eid of the seale omt he weduced by varions noonne Theso gouges need to
e vepolavky cadibeated by hydrowiile dend Ioad feators, AL the sen
diyes and the mesjouvity of chanboy dlwes were oomeied oub using this
type of govge.  bottonly o pange of Brintol rocopdlng ganges vere woed
on the melvn cshanbeyr endl by scleoting the appropriate inotuumens, vory
sment seonvacy I chomber diving way sohifeved (ge 2)e In sen diven
the gmuges mnepopre the pressuxe In the alvepipe oavrylog the gos
supply Lo the dlver ¢r subnorsible chapber pnd this piessure nust be
ihe dane as that of tho depth of waler ab the dven's chest in shondexd
gear iF he in breothing conforbobly or ab fhe walern level vhen the

submersible chembor is wed. In etondord diven this value vas furthor
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erosn chocked by the wo of o neasnrned lesdeline, by cchoesounden, by
the neasvaed marks on the diverts Iife-line, or by the roading of the
goge on o welghted onen eided oiw plpe vhen gos onceped ol depithe
Such veaditgs o5 vone bolen bisd %o pgvee within 4§ feob for aa‘{::if:\sﬁ'm%m::f
conbzol bl the master reoding ves the one on the gos supply to the
divesrs The depth of the subnersible chamber wes mowe difficult to
asnesn ob the stawt of a dive o8 greet volumes oF gos, delivened ob
high pregsunes through & small pipes vere roegulied to Leop the water
level dova sud the total wesorvoln prespupe was teeded 4o onchle the
divor to conteol this level. Whea the chanber reached the pro«
dotomined depth the nain eupply -line wos shnty the é.iveexm'rs sonbral,
wilve Inalde tho chembep wae opencd wido, mc} the zesidual pressure on
the live gave the depth of the chumber in feed of wabow. $his Digare
ves the Intemmol pressure of the chanbor so AL the Dotionm hatch wes
phut, 3t 414 nob nccespanily vecoxd the eclbusl &@im of wabors Thin
mebhod wes of A4bEle value vherme 1% wos desized ho dake o diver o o
ppeeifio dopth mathow thon to disciver vhalb depilr ho hod pescheds Fop
the foxmer @éﬁp&:&:ﬁ the only sabiafoctony means won o mepsure divectly
ond mork approprlatoly the specicl nonegpin, nonestretch holeting wire
of the chamber and Vo repeat this ob weolily intewvols when ewxpoms of up
to 2 foat dn f;iﬁ{i feot micht he found. The dopth of {the chomber conld
ho erogsawchiecked by cchossovnder and by nesending the pequired nunbex

(paeviongly eowntied) of wovolutions of the winch dyuns.



Pine Gonbeod

A:il dlvon were ypegoxded o the nenyest holfmdneio using
voerdovs Sypes of wploterabtohos and olocke. In long dives discpepmnciesn
prose ond in ship or entabiishment the most conndstent hulkhieed clock
wes found aod wes used g8 bhe standend bub cheolw wozo kept by stop
wabohes op by the fndividuel recowdeyts weist wolch.e Diwing prociloe
s Deen « ond 38 « o wse Inlewvals of 9 nloulon on rmuliinles of §
wbrbes fow the Guration of diven end fhe duwabion of decompression
ahopss  this cuetan cannot be gontinued whore changes of pyousupe op
depth ocoupy en sppeeciable tines. Thus in the ole dives tho compression
oz doscant of ¥he diven ab 100 feet per ainmnde wos included es popd of
hio stey ob peximrur pressuze of sueh s pexled cowld not exeosd two
minates; his ascent to his fiwet slopy ob 60 foch por minube was
included i the tine spent ab thed slop vhlch wop odJunbed Lo lake thie
pewiod into sccovnby the thne of phoend bebtween shops « nomedly o
distence of 10 feet ot o sinilor speed - wos Included in tho Hine of
Cthe shallowves a*i:a::g%. 0 deop Glvieg the inerease In preasure hald o
toke longer o3 the peme compresnion oad demesnt xate wos weinteined ond
the tine was Yhen conpidenéd sepoxabely fron the demsbion of the tine
ob paximam pressuwe o bobtom time; the aocenin wepe also connddercd
os separate activiblos and afiecr the Iniblal e of 50 feet pow ninute
%o the fixet fow sbops, the oscont wos condrolled o toke a full or o
halfeminnte belween stopss X% wos Lolydy pepidly found that 5 minvbe

ntervels wewrs uot holpfal v expexdnontal deep dlviung ond the durabion
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of botton bine oud cach decompmension abop tine vas glven In single
pionke velves. Wholever the noubine, 40 was atrongly cophonized that
the nmabe of change of pressurs In comprossion chomghoerd or of deseend
ond gocont in sca Alvaes, should be i ooooth as vossible; iu foob
pocupasy of viming wen, wilthin Linite, leos DLmpordunt than remlozilty
of pates. Smooth scourste movement was cosier In o chanber thon in sea
divens chomber compression corld slow up towerds depth if the eyliudew
supply prescune wos low oad the dlemcter of the piping syuben woes
inpdommabe, to poss the volwmes mequized to paise tho pressure Jnside
the chambene

In of'fect, the pxobeble operabional roubines hed o 9lisht sofety
nexyin vhen considoring the descent time es time apent ol £ull prwssure
ad 8 grealer marsin vhen pounding the sseent and stop dusation o the
nexs 5 nindte dntenvels vhile enlouiebions hoed Uo be made, In the
crpevineibal proseluret, Lop tho vplicke end melease of gas duping Yhe

vine the diver was wdengoing preoouse changed.

In vhe mge Adves an impovbtent mabier wos the chility of the diver
to mednbodn his depth. Tn $idol weboys, eongpeclally in long dives, his
actual depbh cowld change with the sbale of the Hide. Vhatovern the
wabors, his ebility o molubaln his depbh dupdng deecnpression could bo
affected Ly the strength of o cuwwent or by the xise ond £oll of suedl,

Thie lotter fochon cowld be exogsoveled by the novenant of the ship

comed Dy vesbher condibtions end resull not only in g wide xange of
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movenent by the divar hub glso In o snadohlng type of wmobtion. This
effenty mort noticesble duning the shallower decunprossion along,
could be avoided by the use of muhmersible choboros

The declaion ézi vhat conablinted mongined weathorn condibions
£ixnat An setpost of the dlver and sceond fox the use of gubnereible
chombons - wioh the problems of contwol durdng brannfer feem seo o
ship booxd » wes difCioult and olwoys 1ioble to appear weong by oudden

changes In vhe vegbhor.

4 Pachor of nobe though »f dobobable duporbonce wos thalt of sen
tomperotures  Thero is Iittle angument on the prafoveble confort of o
shont dive In the woun wabers of o Umiary folends spuing to thet of o
long dive dn the eold woloxs of o Hebuldesn winbowe The moxele amongub
the suelnee attendeats dended o vexy dixeebly with the dempercture and
foverely with the precinibation. The Stondexd Hiver counld dxess with
maay Lavers of olothen « long cobton wnd heeyy wool wndenveany flomel
body Belt, long plovitlngs and woollen cop snd oven electulenlly heoboed
conbinelions on oscasion. Such clothing lefb only lis honds exposed o
the envivonncndal Senperatore mnd 4o somp ewlbond gloves could cose this
probiens A dmpordant ften In very lovg ddves wos o man fised noplin
wo shaorh uoing 1 miebunidion beewte necessory. On the other hond the
sudnmar could ot wosr 8O neny wdersulls begsnwe edther ho could nod
then don hig neelr enbyy rebhowr svid or ke would becone no buroyent ho

gondd poqdre waneceptoble ouownts of lewd o counberset thise s
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nooed tnderweny wourld consiat of o corbination sulb of cotion and o
gdnilan thin svlt of wool over o poin of balhing toawnks ox wndempunts.
L wor essenbiol that he exereise duping bis stey In the wober $0 keep
vern pnd the potentled Ileeffcets of such activity dueing desonprossion
wore evolded by the we of the frenefor wider prossune focilisy. A
fow ddvers weed Twel sulis” « these oxe snlis mode of foamed synthotie
wibber apen b enldles, vaists and neek whioch pewmll a stebic thin L£ilm
of water hobresn pudh and the bave akin of the diver and which zapidly
veaches body bemperobures Howeven the constuvoiion of the material is
ouch that ot depth the foamm Fflablbons ond the diver might o9 well weaw
o sulk of dissue pepews A1 dn all, the divews lhept messonolily wam
so thet ne conclusion could be dvowm on the effect of sea tomporsture
on decompresnion sidimecn, olbhough thewo was no doubd aboud the noxe

preesent diving conddiions such 8 Ingvessed visibility in wamen wobens.

Fhually the generad headth of the divers wos important. While

They were ail senermlly £t ncny epioodes of Illness did occur, pouebimon
of dnfectiong owigias A9 pogbedive complainbta wexe the nain sources of
aformeblon-In aogesaing the ddve, it followed thed dlver were oxpoehod
el agked bo declave any signs wd synpboms present belore o dlves

These were nob always foported ond nen dived with boils of the poudsenum;
they dlved vhen they wewxe sutffoeing fyom hangovers, feom mnele atiffoens
afbor goetoning; ol one nan dlved 3n sbandand equipment vhile wearlng

his oorged during o nild exoacerbabion of gyuptona of o alipped duc.
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(e comset wos apolted vhile the diver wag wndvessing in an obsouro
comer ofter hig dive}e AV losst two such men developed deoompuensdion
sldmess bubt the twe incidence could not be sosessed as wdoubledly
ol the copen wene not discoverad. A freguend condlibion In Beléish
divera i8 g subsaeuie :;izééﬁ%zﬁ:a andl 3% soon becsne appavent that men
wore diving withoud Al-offest vho bed nosol mosed swelling ond whose
tyipenie nembranen sopld not bo gseen o nove duping o Velsalva nanoouveo,.
Bventually it wos found that those divers who compleined of o Dullnens
of the head o heaviness of the face op fnability to clear thely cuws
wepe those who should not dive endy nobwithelbanding fhe olindoad
Llodingg, he penainder wiuelly suoceeded A coveying oul thele dives
6 was also aoticed thet nen who veed congldereble eﬁfe:m’; awsing o
Talsalye monoeuyse on vho wepeated The manocuvne ofbell = o eomnon Lopls
in the melotively inexpesienced mon » peached o podnt whewe the nenocuvee
beooire ineffocklve and the dive hed to be sbaodoneds Phin premmably
was » tlasue veonbtion Go mnacoustoned vwiolend movement an dnstrnotion
and ppactice wopidly produced o silustion where the andtduad wise in
pressupe tbbained by oloeiag off the wouth with the tongue and bavely
ocoluding the nopledls was adegnets. Mo cese ocourned of tinnitas sod
deafness in bhese tnlals bub &b hes occumeed dn divers whoe hove fo use
o 13thle mope foxce Than tawel o clear thelr core becouse of nild
copgestions This injury is moro coummon st shellow depths bub b
pnphopdzen thet divers musd be able fo egualize thelwy aiddie ecors

R i
nomally before ddving/.
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CHAPIRR. VEX
TRTALS O STANEARD ATR TATLIN

In podnt of time, these fdels (107) follovod tho essessmont of
the dwo adr diving roubines disenssed lator but eo tho patieorn is basile
o o2l fricls for ving cuxperimendol woslk, this acoount is pleced Tirvat.
How diviny docompression scheduies wore indroduced dinto Royal Haval
gorvico in 1950 dn thoe form of tuo teblos {38« 1732). Table € wos the
roubine vorlcing deble designed $o g2ive o botol decompression tine of
about 35 minutes or less for o dive and ony ﬁeyﬁhﬁ-t‘:im%:;mb:zmybam thot
poquirved & longer decompronsion vas dosoribed in Teble IT. Thins timing
wor chonen ob 1% sceomed o sotsoiable penlod duriny vhich o man wvould
ghoy faibly inactive in ftho oold sens sound Dedtoin. The latber $oble
wan provided in cone tho limdts of Tuble I wore oxccedod for necidontal
wogaons o deliberstely for operetionsnl recoons of such importonco thot
o pdolr of detompression sickness wes acoepkeble. Teblo I had beon Hully
tosted and okperionce confizmed tho apinii}z‘x v the zepord thet It offered
o reanoneble coonomy in decomppoession dHlme with a negiigible rick of
'banas(gﬁ)» Tabie II wos not tomted os 4% vao on emergency tobhlo but the
noy theorien had afbor taleulodion reoulied in schetules vhich were in
general longer thon those in the teble i wan zeplocing end hence 1t ws
progumably oo cofe. However the proposed rondinos {356) of surfoce

decomprension ond sonbined dives invalved on ivercesed use of Teble IZ
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enl the repulin dogeribed loter coot doubbs on tho nerits of this
teble and $hus on the assunpbions on which the dable hud beon hasede
The firab otop ves to feet tho calonlated toble wicomplicoted by the
propoced poukines ond the sceond step world dopend ontirely on the
oopulin of thic appyoath,.

Dando 3

eoormresalon Thoorios

Due Bo worddwwide disgatiofectlon vith diving tebles which wore
“olt to be too sofe in momo parts and too dongorous in others, othor
coundrics had elgo beon rovieing thelr roubtines and the ndfoed Stotes
oy domued their latest dablos (145) as work woas aboub to siart on
tonbing the British doblens Tho Royol Nevel 4oblom hod boon dovimed on

a*

o convopt of & single homogensous Hlisoue vhieh shoorbed gaes in on
crponcntiol mannesy obh oEposure $0 prossure ead on cubseguond exposure

to o roduced presoure tho rolosne of gos followed o moflestion of the
curve 90 thob the amount of goe v solution varded with the wheolubo
preseuwre and Sho pouere zoob of the +imes vwhen this emount exprossed
in doxn of Sotal aghoorbod pos dn foot off pon water cwcesded & value of
30 fect chove anblont preponres thon the astent of +the dlver ven controlled
$o meintedin this orceps ppessure of o below this walne so that he could
socond o o shollower depth or surfoco withond the risk of decomprossion
gitknons, The G.840. tebles were o vophisticeted dovelopmont of the
eldanieon ooncopt thot the abeolute pps tenoion in o $isove ot prespure
could bo holved oefelys the sophieticedion lay in the vee of geveral

hypathebical Siosuss of differsnt helf~bimos to sefuvedion each with its
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owi 2050 for reduction of preoooure based not on the 211 air pobio of
Heddane but on o albrogon content ratio vhish slso vapied Por coch

Siooue with Aifforont cobliont abaolute proppuncs.

% oeoned that Zoould seyve o wooinl compirabive puepone to adepd
the U.d.01. tobles to RJi. diving technlgues ond 4o capey out the trinls
with the seme mon off $he somo fime with both 4ablen. The modification
entailed the conversion of dive and decompronsion olop durations to
5 minute groups and inolusion in the shops of the dime dolon for the
ausonts Tho Ralle tobles wore Forwarded on v pocked cond vorsion (13.116)
bt the compiler Aid nof inform those carrying out thoe twials thet, in
snticinetion, he hed slycady moedificd the tebles arbitearily and 3% won

mueh ioter bofore o crosp-choeck of the teblen wen made and $ho eand

vorsion shantonod. Accordingly the adepted United Stotos Novy toblos
gepe dived indtislly ot the same dive o the Gowpd vorsion snd Jobterly
ooneureently with the publiched Rogol Nevel toblew. Doy convenienso
the seversd vorsions of 4he tables ss Finally weod will be zeforred o
a8 the Amordcon (A), Cord ((), ond British (B) tobles mospootively.

Trigl Ovdoms Degpiroments

The tricl orders o¢alicd for 10 diven 4o bo done on gelected
achedules on coch divivg teblo. Who depths of the dlves peleclted wore
ab eoch 10 foot intervel from 70 font to 18D feet. The durabions of the
dives eltometbed with suecossive depbh dndoxvals from the minimum $ine

on Teblo T of o given depth vith o duration RO ~ 30 minutes longor ot
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the next greator dopth (Sce Groph VII.1). Ioter tho longepr dives
were ghondoned and the shorbor duradion dntroduced for the mjonity of
the dnfervels. Toech moleoted schodule had to ho dived dn o compression
ohoriber before being dived in the opon wobey bud thio later proved to
Do of doubfful value in antlcipebing riske and woo susponded,
Poriod of Tnial

Over the pericod of five yorrs thot this vorls wan coerrled on
intoroittently, verious changes in deohiigue and dnlorpretadion toolk
plece so thal e careful roviow of the vepords hod to Do mode fo decide
which Given wove within normal opezating limite and which hod gross
dovietions. Moot of these erzors usually cvose fwom the training
zecoived by dlving porsornol to nse the next deepoot or the nosb longor
gobedule vhenover o dive netws the 1liait for depth or duxotion. For
asnenstenty the tiel dives were mequired o bo o3 near those limite es
ponoible. Howover the dives oxcluded from comparison wewe of value in
demonnbrebing the dncidence of cages of decomprospion sioknoss when
the poutines ape shused ond whot voxdetions thore wore both bodween
sen and in the came mon from time to dime.

Albogothor U6 men book port in the telals Ludt dthe diving $eom
rarely oxeveded 15 dn maber ob any one timo. Hoven men ceyipded ond
20 op more dives oachy ftuenbywnix mon cerpied ont 10 to 19 diven cashy
tuenty-one men § o 9 Mves cochy  tuenby-soven men 2 to L dives oashs

and tuolve men corried out one dive coch muinly for cmpevienco in the
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Sechndoues davolveds Aport from the banie diving quelifisobions and
the fitnoss remdblng from boing o rorbor of o srmed Sewice, thene
was 1o obvions eommon faokor of dxperionce op build. Ho dotoiled
¢lindonl oxemination wveooxdn wore made in kecplng with the deliborsto
policy of the mindmum dopovture from novised vworklng roubives. Wo
selaedlon wop made Do ony wan 0 dive on » panticnler $2ble ao thed 1%
wists hoped there vonld Be o sfandom solection of divers on $he schedulon
under doat of any ono dine depending on the composition of the diving
tomn ab thot time.

Toonby-thrae men dived ouly on the Deitish debles with o major
insddents end oight mon hod egué:ll;y unevontul dives owly on the
Aoricnt tebleps Bighboen mon dived on both Deidish and Amerdcan toblop
and 12 nmejor cases of decomprossion sickness cccupped $u § men. Twelve
mon dived only on tho Cexd debles and 6 men had 7 major obitochs hotwoen
thems Purther subsdivigion into the effent of chanmbor and gen environw
ment on dhe seporate sthedules dg unprofituble beonuse of the omall
nubers involved. Table VIX. ¥ shows the combination of diving tobles

dived by Sho mubers of mon Involved and the dlabpibubion of major

comey of deconpronsion plelnosss
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mn % N A :IJ ¢ ! TR
Tebles vped onty| only| ondy ALBIALG BDHEOCIALB&C
SN —— - * i 3 . . L - .
Hober of . |
men diving 8 25| @ | 18| 2| 1 7
Wunhox of S _ | - :
magor eassy Oy 6| T} 2 6| 1 b
Hamhop c:.{‘
men _
affonted 9 0 6 8 v, 1 A
In major canes
Tunhor of , | e s i
divos 2| s | 6 | 165 | 256 | 5 98

Dogompronnion Tabing ond Tivors

Dintypitiition of
A & Anopican hobles T =» Deibich Gables 0w Jord deblen

Lhe Bves

Albogethor 76 dives were cexeled oub bus 88 (124) hod such
dopaptures fron dhe desived soubine thad they wero ezeluded and 19 dives
whioh used the covrest schedule Lut in vhich deconmpression vas carried
ouh in the subuwereible chember wore gonsidersd separatolys In the
vomainivg 656 cZ:iveés» bhore were 30 wajor cases of desompression sickness
pnd 192 loss movere coses on incidense of 464 major and 17,735 minos
BOBEGe

Teentywons sobedules wera topted by divea bub k had & fotad of only

6 dlves bobween thoms one othew svhednle way dived 10 Gimep o ondy




ong pet of teblesy the zemaiving sixicon schedwles wiere dived on ob
Teost buo toblog » some in feot wore dived on two Hebles in the chenbop

end throe tabloy in the ot

nvironment Py ot

Tobles Al B ¢ A By e
Behodulos
Peot | Uinnbon

T0 Q0 * -~ 10 -~ e -
?() 120 w - . 9 10 =
e - - 10 10 15 W
8{) 120 - - - | 0 | 40 “
a0 10 16 w | 12 19 1, P
300 60 16 | = | 25 | 10 11 10
100 65 - s - - - -
140 50 15 " 10 9 9 12
120 5 " s~ | 1 % 10 E
320 5 13 o 13 30 11 -
150 LG - - 10 9 10 B
120 L5 - - - 1 - {
1.0 60 12 w | 10 > 10 i
K18 15 - é - - - -
150 Z0 10 - | 12 | 10 | 10 | 10
150 6O > - - ¥ 0 o
160 4 - - | 10| 10 ”
160 60 T o B 10 10 e
170 | 75 - - - - ¥ -
170 L5 - . 811 | 10 -
18 | L5 12 - | 10 | 10 10 | 11
i‘i‘ami e 2 | 182 1160 | 169 61

Tiven Opaniad owt 3n ap Ascopkablo HMevnew




8} Chophex Divey

Only 2 dives oul of 266 accepboble chemben dives weme covvied
out o the Bribtiah fohlen; the wensinder belng dived on the Ansnicon
aad Coxd tables., Foom Table VIE, 3 4% wight scem thet 1€ there won on
abtack of decompression aickuess on FPhe Cavd toblea it tended bo he
moxe seniovs than on abbach alber o dive on the Mmervicon version. S of
The najor cosges on the Uand tobles soonmeed after 2 growp dlves of 4 nen
each on one pardiculan deptheiine combingblon, so that the ovenall
differencet moy bo due moxve to the chanee of sclection of men vham to

differences I the safety of the decompresalon poubivie.

Do fiiney Cosen Hajor Cones
Table Uged | Fumbex | Hhwbex 9% Hambes a
A 112 K] 27T 3 2¢F
B 2 1 | {50) 1 (50)
G 152 20 132 8 Se3
Tobpl 266 Ba 12

Jeconnzosgion Sicless da Ghomber Dlves

b)  Hoo Dives
390 apcoptable pen dlves woxe coreied oul on the these tublen
wder tulel and are tabulebed in Teble VEE. 4. It would eppean theb the
rolebive severllilon of the Mexlean and Caxd tables axve xeversed vhen

compared with the chember divess Agaln there was one pavbicular schedule
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that wpset the wecoxd - this tine opn the lnerlcen achedules when the
woabher deborlozated zupldly duvedng The dive « the ouly occesion this
hoppened » nd 21l 4 men in the sen aulfored major eblacks. 11 this
podnt 1y boken dnleo gocount there e spparently Little diffeoronce bobreen
the Seltish amd Anspdean btobles when the dives ame caweled oub in g

indlar Bannore

Divos Hinow Uepas Hajor Copen

Table Used | Numbop | Wumbew| @ aboew | %

A 160 2y 155 10 B3

8 168 23 436 Vi Al

¢ AT 12 | 19T 1 18
Pobel 390 | 60 18

 Zabile VEL, 4

pion Sicimess Jo Heo Oives

@}

Bwsluded Dives

I8 the éi.ea&mgsmsseimﬁ pehiedule used was nok the coxwect one fom
the deptheiine combingdion, whothawr fthe dive pepulied in o fowm oF
decompression sickmens op not, it could not be used a8 o tost of alequony
of the schedule or wweld In campacison wilth olheor woulines. Huch dives
veve sbill of value in suggesting whove exbua salety alrweady eiigbed o
wag vesdeds  in showing by the variuhility of response ln the men how
wolioble this method of posesonent night bey ond in peoviding evidence

on the velue of the woutlne thorepoubic messures. {(Toble TIT. 9).
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(1) Yrong sohedule useds oveess degompression

In 30 dives the decompression was prolonged fox periods
vavying from § 4o 40 nduubes fyronm thed intended. A major incident
gecusead dn one dive that had 15 nlnvbes extva decompression and 4
minor ineldentn ccourred once each gfber 5 winutes; 5 minviesy 15
mé‘:ﬁm'%;my and 40 sinuies extea. In dotell, 15 dives vewe decompressed
on the schedulo for o dive 10 feet desper vhen thot achuelly corvied
oud {2 minor coges); 11 diven on the schedules for o dlve 5 minudes
Tonger than the one performed (1 major snd 2 minox cases); ond 4 Jives
ot o scheditte both 10 feet deoper and 9 minuben longer thon that neoded
for the acbusl dives {no paves).

(31} Veous toclmique useds aucens dogompression

In addition 36 dives {dncluding § dives using the subnersible
decompression chamber) hed exbra decompreseion oldded to the schedules
Through o nisunderstonding, Previous bables specified o time for ascont
$o the flevat wiop fron the moximan depbh ond then o perded ob that stop.
Thin meant thet divers pald tuvo much gpbbontlon fo the oversll time and
nol enough to the menner of the sseent « / Reile ddvews conyy out thely
oun oscents wnder signol conbzol from Yhe surfooe lastoed of bHeing
holsted on o stoge @9 hoppens elsoc wh:amj I% in stoongly suspected that
Adver with lppeguler agcents plliewnalting fost ond slow periods gre mone
productive of casen of decompresasion siclness. In this worlk, tricl
oxdexs included Insbwmuctions o aseond ot o stendy mabey, 60 foet per

mioate being the tarvget wabe sad the divers were not to leave the Lirsh




atep 1Ll o speciiied perlod afber leaviog the hoblbon hed elopsad.
The teial tohles thus bad the btise for sseont fueluded in the tine of
the Tipst atop, Iniblglly this wes not sppreciated by older divers
and the whole of the combined perdad wes mpeot ol the £lwadt sbtop. Ti
has always been Thounght that the depth sud duorebion of this stop woi
move oelbical than the other stops and hence the exhro peniods which
gopded feom 1 Yo 3 alovtes dlsaguetified the schedule fov conmparsbive
snelyais ond cusessments One major end seven nined cases ocouryed in
This guotpe
{331) scelloncous: exaess decomprosslon

12 othew dlves - with ode minow Ineldent in the guoup - were
epoluded Tox vevious grvors which also inoeressed the botal decompressisn
tlnes These slips ineluded emwoxs in apithmetic by the wecoinders;
aceidents lavolving delay in the diver changiug his depth oo tinme, suoh
ag gobbing the Lines fouled round the gulde wopess; and Leklaug too long
to leave the wobore

{iv) Tosufficlend docompression

T dlves aliogether were dluocounted hecuuse of lnsdequabe
devomprension. The commonest Lanld (& adyos) wes She wse of o gohedule
£o1r o shallower dive than the one Jons so that the weduction in time
varied from 1% Lo 30 minubes = 7 majow cases of defonpression sickuess
esulied. One ddwe hed 15 minuvbes less deconpression ag o scheduie fow
n dlve of shorvter duvatlon thay the ono intended was used withoul 11l

effeot on bhe divers The remeiuning two dives, aleo withont 1llecffocis
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on the diveny, hed S ainvtes doducted heoovse of ;1:3:&&;32@;3.@1 SRy
the slip beling mode ot the shallowest stop.
(v) Bubmeraible desompression chomber (dves

in 19 dives the decomprossieon nchodules used wore The onsg
intonded, 10 on the Dpitish table end § on the fmewican Gable. Toweven
o evoid prolonged sbops in oold weboy the submersible decompronsion
chanber vas used 1o such o way thab the Glver cowld olind leto 4% ob his
it abope The geesler confort was desizable but the exexclse involved
In clinbing inte the chember during decomprsssion and xewoving povts of
the equipnent wase polontially o coune of Lnoreescd incidence of
desompression sdelmess. The yosulbe vhen compoped with the none ddven
copiod out In the sea withaut the we of the subrowwible chenbsp were
whopght So show en dnovease dn "benda". The use of the chember wag
dloeontloued ond the dives were net Inclvded in the £inod anolyeio.

(4% those Alves wore onmvded oub ob he some dopth for the smue tino

inbenval).




Tynos of Fauiis liinow Canes vl@ﬁ;},;]mr Cagen
Clopn Comnent Honmbez Mo Humber
Aotupl dive shallover 15 a O
Aeboed dive shortew 11 P 1
Aotuel dive A o 0
Dbz Shoxbor oand shalloven .
Doconpression hsoend added 3 7 o
Miacellancous 12 2 0
Sub=tobal 13 13 1
Actunl dive deepox 8 0 T
Mt e VWG %
Tnouificiont | f6Wel dive longer 1 o 0
Beconpresaion | Bhop oub 2 0 G
Subebotnl 11 a 7
. Plonnc | | 0
Sabmoraiple | Srowaed 19 4 1
Ehomber voed | Ascent added 5 O 1
Potnd 108 17 . 10

Dbl ViLe B
sy of Blyes Inelnded Lxon foclyels

Befoot of Duwotion snd Mvivonnont of the Dive

thon connidening the project :mi%ieally, 1% wes Lhought that i2 the
tendeney of the docomprossion was to De inadequete, the longer the
dumasion of o dlve the move the doficiences would bogome appovents It
wort olgo comonly eacoepted that o sce dive would disclose dofilecicness

In o schefule not necessorily epporont after o chanbor dive. L% vos




whu
degided thak o chavboer dive shovld be done fixat Detanuse & cese of
decomprossion sickaess apieios duning decomprespion could beo looked
afben bebier 1L the dive Gook ploce in the mesns of tweabnent, and
beconse Loo groalk on incildence of eases would indicwbo that thab
aschedvle ghould snot he uzed fn the sea.
Pohle VII. 6 compores the welative duzobilons of dives on each table,
Pavle Vile T the envloovmont of the dives on the tables and

Poble ViL, 8 the effeet of duration and envizomaont of the diven.

Diyen | Minow Cases | Major Cases
%ﬁ’éfﬁ:‘:ﬁ:ﬁ Toble | Yunber | fHuber | % | Nowbewr| ¢
o e | om (o] 5 |29
ooy | B | 9 8 | 82| 1 |10
¢ | 1 | 22 (126 2 |14

Total | Lk | 61 | 138] 8 | 1.8

A | 100 | 25 [250] e | 6o

tong B3| 73 | 6 |ete| 7 | 946
¢ | 39 | o 256 T [17.9

Totgl | 212 | 51 | 2441| 22 |1044

Durgbion of Dives end Tobloes

Hotes “Shozt" and "Long' 3 Hee Groph VIL, 4




w] G

ﬁ:?:vas- . ﬁ:mag C"mm ‘ Hojox ﬂarsczé
Eik?vﬁmmgz;ﬁ 'Taz‘%am ﬂv,ﬁibeiﬁ_ ‘;E:?z“am_her :32 | Zﬁr’mhex_.: .f,"-?';
- A | 112 | om leww | 3 |24
Day B @ 1| (50) 1. |(50)
G 1952 | 20 (134 8 | 5.3
Total | 266 | 52 1945 | 12 | 445
A | 180 | 25 [15.6 | 10 | 643
_— B | 169 23 (136 | 1 |44
- © 6F. | 12 [M%T | 1 |16
ool | 390 | 6 | 154 | 18 | 446
Palte ViTe T
Bovivorment of Dives and Yeohles
Hoteo: "Doy" « dive in o coupvession chanbor
Miet" « dive in the sen
= Divesn . | ?Tinm.v Gomen iﬁ:—.@;}ﬂ:& Oospg
Fowizomaons | “OeUIVC | g nen | Numboz | % | Humbew | ¢
Buzabion | g | .
Showt | 193 | 24 | 1244 | 3 1.5
Dy pvg | 73 | 2 B 9 | 123
Ua::: B Showt . ?;71 R 37 147 5 ‘8.;{}
Long 139 23 16e5 | 43 “ 9e4

Behle VIT, 8

Eawdromnent end Burabion of Biveg
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T4 will be sewn That dives of short dunsblon were lesz likely to
lead Yo casen of decoupression sickness than longer dives and bthat hias
fendeney persisted vhether the dives were done in the ses ox in n
conpression chinubers Ib was nensrkoble in view of the widely bheld
oplaion that see dives vere alwayd more danserovs than chanbes dives
that the sesulis Wﬁﬁé comparables The flguves fon cach sot of tablen
ghow dlanclrically opposite tendencies bobreen She fAnericen toblen -
eisk inoreosling - ond the Cowd tebles - wisk deexcasing. A the
fmevican tobles generrily hod showior decompression tlnes thon The
Brdtioh tablos which wore in tura shovter then the Cord teblos fox tThe
gome dives, one godus an inpeession theb fop shopt dlvens, the longer
the decomprengion the safey the ddves U in ALe0iculdd to explain ob

_prenent the reepous for the apporvent lneresse in visk iu longer dives
a5 oll deconpreanions becone longoRe

Thexe ove o points of compovison fow any glven depth and duxosion

¥

i

of dive e oy o decomproseion tobles wre coneormel. These are the

totel decompression time cad the disbridbubion of the atops, « in

poarbiowlar the depth of the Limd ebops Both these polnds oxe shown

in Pable Viie 9.
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Biva Ea;’:mgm%mma ‘l‘aﬁalcsz

. _ - . } !"‘1 § ,g”,’ﬁ 3 il L1
Popl | Duzation | -ove] Clme (‘ﬁmt) Eeps?a ot Sbow (ﬁ!)

footk min. }3' :g : {g A 'ﬂ ¢

6 | oo 6| 4| w 20 » |
0 | m | m || % | o | » |

100 G | m || wm | 2 | 3 |
mo | s | % al w6 | o | » | »

120 5 | 6| @ 6 | P | a0
130 40 | ;45“ .1?2;1 46 20 .}‘3 31}

wmo | om0 | 36| 4t | 46
160 0 | 4| a6 -

20
180 25 m| 46| w 30 % 0
130 45 56 | | 61 | a0 |

90 | 120 5% | 56| = 20 30
so | 1m0 % | e | - | a0 o | -

20 | 50 |01 |14 | 46 | 30
140 s |10t |19t [ 136 | a0

50 | 60 |16 || - | 4 5% | .
160 60 136 | 446 | 196 40
170 45 | 101 | 106 | o 50 69

Somprioon of Totel Docomprenyion Himes pud Depth of the

Piegt Bton fon the Bives Done on the Tardons Uobles




#5300
o) Total decompronsion time

ha I8 olweys the ease In diving twicls, thore is no consistent
differences Lo the showbter dives coreled ouby The totel decompression
tinos of the Anerdoan bablen wewe the same in 1 pchedule, 9 ninutes
showber in T schedudes, and § minubes longer in 1 schedwle than those
in the Beitish tobles for the same divesy thome In the Cand tablos
vore 5 nivubes longer dn 6, ad 10 nminubes longer in 2 schedules thon
those in the Delbish btoblesy ond 15 minvbes longew in By 10 ninuten