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V ALIDA TION OF DIVING DECOMPRESSION TABLES 

R YSZARD KLOS t , RON NISHJ 2 , ROMAN OLSZANSКL) 

ABSTRACT 

Rеsеагсh оп the validati on о!' dесоmргеssiоп tables is опе 01' tl1e соттоп sllbject 

агеаs оГ tlle со-орегаtiоп Ltпdегtаkеп between tl1e ОсГепсе апd Civil lп stitlltе of 

Епviгопmспtа l Medicine, Тогопto, Саllасlа, and Tl1e Naval Academy 01' Gdупiа , 

Poland. FoI" sеvегаl years now, а systematic sLIГvey of diviпg technologies 11as Ьееп 

сопdLlсtеd at110пg the tагgеt pгojects t'illallced Ьу the Polish State Committce [ог 

Scielltific Rеsсагсll alld the Polish Navy, Among the most important pгoblems 

cliscllssed 11ауе Ьееll vагiОllS aspects 01' dесоmргеssiОIl sat'ety, The ргеsеlll papel' SllOWS 

а stL1dy to stallclardise alld lIlliГу valiclatioll pгocedLIГes [ог сJcсоmргеssiОIl iп the Polisl1 

Navy. 
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INTRODUCТION 

lt lbls Ьееп sеvега l уеагs siпсс the Polish State Committee foJ" SсiепtiГiс Rеsеагсh 

апd tl1e Poli sl1 Navy jоiпtlу f'iпапсеd studies foI' а пшnЬег of tагgсt proj ec ts iпсludiпg а 

s uгvеу 01' diving tесlшоlоgiеs \vitl1 the Ll se ot' охуgеп and агtifiсiаl Ьгеаtl1illg media, А 

tагgеt ргоj ес t епtitlеd "Combat охуgеп diviпg technology" (Gгапt No 1481 О '/С­

ТОО/96) 11as поw Ьееп completed 131, А ргоЫет [ог the implcmentatiOIl оУ а sесопd 

tагgеt ргоjесt called, "Combat nitrox diving technology" (Gгаllt No 148 180/С-ТОО/98), 

is the need foJ" а ргорег vаlidаtiоп рroсеdше foJ" dесоmргеssiоп tabIes. ЕstаЫishiпg 

such а ргосеdше is сгuсiаl, as it is fUlldamelltal to the plallllillg alld f'illallcillg of а 

геаlistiс tes t ргоgгаm, 

Ршроsе 

Tl1e ршроsе of tl1is рарег is to гесоmmеlld alld stапdагdisе the stat istical ргосеdшеs 

to va lidate decompressiOIl tabIes (scI1edules) for the Poli sh Navy - Gгапt sропsогсd Ьу 

the Naval Uпivегsitу of Gdупiа, 

Асгопуms апd symbols : 

а- pгobabilityelToI' ф- Prol1abllity f 'Llпсtiоп 

DCS- dесоmРI'еssiоп siсkпеss п- N L11llbeJ" of DCS evellts 

DDP- Dерагtmепt of' Dеfепsivе Politics N- NumbeI" of' гапdоm sample f'l'om 
gепегаl populatioll 

ЕС- Нumап Rеsеагсh Ethics NMRI- Naval Medical Rеsеагсl1 lпstitutе 
Committee 

р,.- maximal probability оГ DCS SRD- Sеагсl1 апd Rescue DераГtll1епt 
опsеt 

рг miпimаl probability of DCS р- РгоЬаЫlitу оУ DCS еvс пt s 

опsеt 

METHODS 

Studies оп new dесошргеssiоп tabIes 

Tl1e systematic study оУ the рhеllОll1епа ассоmрапуiпg dесоmргеss iОIl is а cOll1plex 

ргоЫет because оГ а lack of ргесisе Il1еаsuгеmеllt metllOds to 1l10пitoг the ргосеssеs 
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taking place in body tissues, Tl1e Illathelllatical Illodels used to dеsсгiЬе the 

dеСОlllргеssiоп ргосеss геflесt опlу а slllall рагt of the total рhеПОlllепа tаkiпg place, 

They usually consist of tгуiпg (о fit ехрегilllепtаl data Ьу Illeans оГ геlаtivеlу silllple 

ll1athcll1atical fuпсtiопs, SlIch ll1athell1atical nlOdels. hоwсvег. shoLl ld Ье tl'cated only as 

calculation ll1etl10c!S Гог dегiviпg dеСОll1ргеssiоп ргосеdllГСS. поt as ll1atl1ell1atical 

1l10dels of the physiological pгocesses tаkiпg place duгiпg с!еСОlllргеssiоп [51, 

Со ll есtiпg data оп dеСОl11ргеssiоп thГОllgh ехрегil11епtаl diving is difficlllt. 

СОПSLIIl1iпg I11Llcl1 tillle апd 1ll0пеу, The data оbtаiпеd аге SOl11etil11es сопtгоvегsiаl апd 

sllsceptibIe to vагiОllS iпtсгргеtаtiопs, Ноwеvег. it is the опlу way to оbtаiп valid геSLllts, 

Collectil1g data 011 dесошргеssiОI1 tlll'ough ехрегiшеl1tаl di"es 

I 
Ne,v decompl..,ssion model 

I 
ЕчеriJttеnt design 

I 
Resea1'Ches 

I 
derision шрр) 

I 

I 

Kno,,'ledge 

Anaiysis and l"" ,ie,,' ofthe s)'stem .. 

1 
decision (,ljRD) 

I 
Соп-еС1ing a:n.d mtroduciJtg 

ofthe imp "I\'ements 

I 
Additional 
l..,seal'Ch 

I 
ор еl'аНоnа! use ... <l1li .... ----------- decision (SRD) ____ ...J 

I I 
Data ac~uisition Anal)'sis 

't ~ I 

Figшс I,The Поw сhагt shоwiпg illlрlеlllепtаtiоп of' пеw 111etllOds ot' dеСОlllргеssiоп 

iп the Polisl1 Navy 

Figllге 1 shows а l'eCOll1l11ended l11ethodology Гог dеСОl11ргеssiоп [аЫе уаl idation 

and tl1e il11рlеl11епtаtiоп ot' new dеСОlllргеssiоп scl1edules, Iп tl1e lаЬогаtoгу геsеагсh 

pl1ase. пеw l11athel11atical 1110dels of dеСОll1ргеssiоп аге cleveloped 01' аlгеаdу ехistiпg 
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models. bused оп previollsly collectecj data апd/ог пеw findings, аге modified. The 

tabIes thlls оЬtаiпеd аге tested. The ехрегimепtаl gllidеliпеs аге estubIished iп 

uссогdапсе witl1 the principles сопtаiпеd iп the Неlsiпki Dесlагаtiоп. lп most СОLlпtгiеs, 

'1llmап ехрегilllепtаtiоп "eqllires the арргоуаl оУ а ЕС 01' "eview board. Chamber tests, 

where ргеSSLIГе and time сап Ье ассшаtеlу сопtгоllеd, аге еssепtiаl Гог the lаЬогаtогу 

гсsеагсh phase, bllt рооl tests апd ореп water tests mау also Ье регfОПllеd. SlIch 

ехрегimепts SllOLlld Ье сопtiПllеd lIntil the reslllts, based оп medical uпd scientific 

сопsidегutiопs, justiГy а tгапsitiоп to tl1e imрlеmепtаtiОI1 pl1ase. 

Tl1C lаЬогаtогу pl1ase mау Ье stopped at апу time. If cl1ul1ges in tl1e methods 01' thc 

model аге пссdеd as а "eslllt оУ tl1e ехрсгimепtаl t'il1diпgs, tl1ey 111LI St Ье appгoved 11У 11)(, 

Ее Тl1C ПlllllЬег of laboгatory tests геqlliгеd to start thc imрlеl11епtаtiоп phase l11ау 

уагу, ассогdiпg to tl1e 1110del Ьеiпg tested. If ап el1tirely l1ew 1110dcl is Ьеiпg tested, tl1 el1 

tl1e I1Lll11beг of trials I11l1st Ье large el10llgh to achieve ап adeqllate сопfidепсе ' еуе l Уог 

ассерtапсе of the "eslllts. Оп tl1e otheI' 11al1d, if tl1e 1110del had Ьееп ргеviОLlslу tcstcd апd 

опlу l11inor сhапgеs wеге iпtгоdllссd , tl1СП the ПlllllЬег of tests l1eeded l11ау Ье Sll1аllег. 

The dесisiоп (о tеПllil1аtе thc lаЬогаtогу геsсагсh phase and begil1 the ill1рlеll1епtаtiоп 

pl1ase is takel1 Ьу 1111:' DDP. 

'П tl1e imрlеll1еl1tаtiоп phase, tl1C tests аге регfОГl11еd uпdег орегаtiОl1аl cliving 

cOl1ditions iп accOl'dal1ce witl1 stапdагd Navy Diviпg Rllles with а 11igl1 сопсегп ('ог 

diveг safety. Мапаgеl11епt оУ the dives is givel1 to the 1110st ехрегiепсеd орегаtiопаl 

diving teams, witl1 the assistance 01' well-eqllipped medical апd sсiепtifiс teal11s to 

mопitог tl1e medical апd physiological statlls оУ the dive sLlbjects al1d the safety of the 

clive ргосеdLIГеs Ьеiпg testecl. Tl1i s is to ensLlГe that а S LlПiсiеl1tlу lагgе qllantity of higll 

ЧLlаlitу data will Ье obtained wllile ll1aintaining а 11igh 'еуеl оУ safe ty ('ог thc 

схрегil11спtаl clivcrs. Tl1is will also fОПll the basis {О l' 1111:' DDP dссisiоп to SLll1sеqLlепtlу 

арргоуе tl1e dеСОl11ргеssiоп tabIes f'o г орегаtiопаl Llse. 

Ноwсvег, tl1is is поt the епd of tlle геsеагсh ргосеss. DlIГiпg орегаtiопаl lISC, tll C 

dесоmргеssiоп ргосеdшеs апс! tl1e гesLllt s of tlle dives calTied Ollt will Ье mопitoгеd Ьу 

1111:' SRD. I Г апу ргоЫеms арреаг, tlley SllOLlld Ье diгесtеd back (О tlle гсsеагс ll pllase. 1 f 

tlle dесisiоп abollt thc witlldгаwаl 01' tlle dссоmргеssiоп pгocedllГe 01' aboLlt its 

mоdit'iсаtiоп SllOlIld Ье IШldе. tlle pгocess SllOWI1 in FigLIГe 1 will have to s tагt апеw. 

Statistical pгesel1tatiol1 of DCS occuгrel1ce 

Tlle опsсt оГ DCS symptoms тау 11С tгсаtсd as а statistical рllепоmспоп s iпсс it 

seldom Ilаррспs tl1at divегs sllbjccted to the same dесоmргеssiоп ргосеdLIГе all SllOW the 

same геасtiоп 01' symptoll1s. Bccallse of' the vагiаЬilitу iп the biological pгocesses 

lll1dcl'lyillg tlle геасtiопs to dесоmргеss iОIl stгеss that аге оЬsегvес!, it is most СОllvепiСllt 
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to acknowledge а formal statistical correlation between the геsults obtained from 

ехрегimепtаl dives and the results expected to confirm the safety and adequacy of the 

mathematical model used to describe them. The use of statistical methods sometimes 

ргоduсеs simple and геlаtivеlу easy to interpret results [1,7]. Still, verification of 

decompression tables from а small питЬег of ехрегimепtаl dives is statistically 

llnfavollrable becallse in sllcll а case, it is difficlllt to clearly рroуе their safety. Рог 

decompression tables, а statistical verification of the decompression for each depth and 

bottom time SllOUld Ье the goal. А contradiction appears at this point: оп the опе hand, 

we aim at acquiring the highest possible nllmber of experimental reslllts (providing а 

so lid base for statistical deduction); оп the other hand , this ргосеduге is уегу costly and 

гiskу. 

Binomial distribution тодеl of DCS оссиггепсе 

Assuming that the results of the decompression performed тау Ье described Ьу а 

binomial distгiыliоп,' the probability of the оссиггепсе Ф(п,N) of n events of DCS 

symptoms in а гапdоm sample of gепегаl population N, whеге the uпdегl у iпg 

ргоЬаЫlitу ot' DCS is р, is given Ьу Bernoulli's tгiаls. 

а). 

0,7 

ф 

0,6 Ф(Р;п) 

Using the Bernoulli 's tгiаls fогmlllае, we сап then ргоduсе а table of the ргоЬаЫlitу 

of selected jоiпt events оссuггiпg iп some nurnbeI" оГ dives at а givеп probability of DCS 
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sYll1ptOIl1S, Foг N=9 dives, а! р=О, 1 () tlle pгobabil ity vallles foг vагiОll S events wеге 

ргсsепtеd iп Figше 2 [41, ТаЫе 1 SllOWS the pгolJabilily о!' tlle ОССlllтепсс ot' О, 1, апd 2 

01' Il10rс iп с idспts 01' DCS ill N ехрегill1еlltаl dives if the actLlal probal1ility р 01' DCS is 

0,01 , 0,05 01' 0,1 О, Tlle pгobabilily р SllOLlld Ье illterpreted as аll averagc va llle 1'01' the 

ollset of' DCS, Тlle ргоЬаl1ilitу f'lIllctioll Ф(п) has а dirrcrelltial sllapc - Figшс 3, As the 

ПlllllЬег ot' expel'ill1ental dives increases, the рrQЬаЬilitу оУ О апd 1 iпсiсiепt 01' DCS 

ОССlllтiпg dесгеаsеs and the ргоЬаЬilitу о!' 2 01' Il10ге illсidепts of DCS гi sс , 

11 ) 

0,7 I Ф(n)v s р I , 
ф (п) . 1 

0 ,6 

N =9 

1;1 о р 
(Г! Q (Г! .=> (n Q LЛ О (Г! '" (Г! С) .,-, '" ,,-, '" (,С) 

'" - C~J c·~ с,-) С,"! .,. .,. LГJ Li) Ш Ш ~, ... ' ':.:' 0:0 (0', 0;:::-' 

О С· ,=, С· ,=, <=> 6 ,=, о о о о ,=, о о .=> о о' 

FigllГС 2а-Ь, Gгарiliс I'ергеsепtаtiоп of ВеГПОlllli's tгiаls Ф(п ) vs р 1'01' N=L) as ~II' cxamplc, 



ТuЫе 1, Pгobub i l i ty аГ О, 1 аг :2 uпd таге DCS i псidепts far 3 givеп пuтЬег аГ 

clives зпсl ргоLюbilitiеs af DCS 

NurnbcI' NurnbcI' af 
Prabability аfjоiпt еvепts {ОГ defil1itc 

af dives DCS iпсidеllts 
р гоЬаbilitу valucs р 

N 
р=О,ОI p=O,OS р=О, 1 О 

11 

О 0.95 0.77 0,59 

5 1 0.05 0.20 0.33 

2 апd ПlОl'е 0.001 0.02 0,08 

О 0.90 0,60 0,35 

10 1 0.09 0.32 0,39 

2 апd InOl'e 0.004 0/)9 0.26 

О 0.82 0,36 0.12 

20 1 0,16 0.38 0,27 

2 апd 1n000е ОЩ 0.26 0.61 

О 0,60 0.08 0,01 

50 1 0.31 0,20 0,03 

2 alld Inоге 0.09 0.72 0,97 



Figure 3. Probability of joint events Ф as а function of the питЬег ot' dives {ог the 

following conditions: absence of DCS incidents, the onset of 1 DCS incident, and onset 

оП and тоге incidents with the probabi!ity of DCS being р=! % ог р= 1 0% 
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The validation procedure [ог the decompression profi!es to Ье tested requires 

making decisions about the uncertainty (confidence 1еуе1) that we want. If а given 

decompression profi!e is repeated оп severa1 individua1s ог оп the same individua1 оп 

severa1 occasions, then the resu!ts of such ап experiment тау diПег wide1y. We сап 

se1ect ап acceptable confidence !еуе1 and define ап иррег 1imiting уа1ие for the 

оссuггепсе of DCS. Thus, we сап accept а decompression proceduгe that wi11 keep the 

пuтЬег of incidents be!ow оиг 1imiting уа!ие, e.g., be10w 5% at а confidence 1еуеl of 

90%. We тау a1so calcu!ate the probabi!ity of геjесtiпg а procedure Ьу еstаblishiпg а 

[ejection criterion based оп а set питЬег of DCS incidents in а se1ected пuтЬег of' 

experimenta1 dives. In this way а re1ative1y simp1e statistica1 proceduгe тау provide 

significant information, for ехатр1е, about the питЬег of dives needed to va1idate а 

procedure at ап accepted !еуе! of risk, ог to determine а maxima1 risk associated with 

the оссипепсе ot' а set питЬег ot' incidents after а se!ected пuтЬег ot' dives. 
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If the estimation aveгage епог of the probability limits is сх, then the confidence 

'еуеl of this eSlimate is I-cx. The confidence 'еуеl iпf'огтs us in how тапу sitнations рег 

100 lhal ouI" conclllsions тау Ье wгопg. А pгobability iпtегvаl оУ DCS onsel тау Ье 

easily calculated Уог the absence of DCS 01' the ОССllггепсе of DCS iпсidСПIS ill а" 

slIbjects [4J. The nllmbeI" оУ ехрегiтепtаl dives reqlliгed at n(DCS)=O at llle asslImed 

vallles сх and р" e.g. [ог сх=0,О5 and р, = 0,0 1 we obtain N=298; and [ог сх=О , О I alld р,. = 

0,0 1, we obtain N=458. The calclllations [ог these cases wllen О<п<N аге тоге 

complicated and аге usually dопе пuтегiсаllу [4]. The гeslllts оГ these calclllations аге 

to Ье fОllпd in the statistical tabIes. FoI" example, [ог thгее DCS iпсidепts in 9 dives аге 

shоwп iп FigllГe 4 [4 J. 

AcceptabIe uncertainty 

Tlle tеstiпg апd vаlidаtiоп of decompression procedllГes is а lопg-Iаstiпg pгocess 

геqlliгiпg seveгal phases. At each tesl phase, dесотргеssiоп tabIes аге closely analysed 

and соггесtеd ог modit'ied, if necessaгy (FigllГe·I). Shollld а тоdifiсаtiоп Ье песеssагу . 

the арргоасh to the ргоЫет тау have to Ье changed епtiгеlу and the whole pгocess 

геstагtеd. 

А basic ргоЫет iп developing сlеСОl11ргеssiоп procedllГes is fiпdiпg the nllmbeI" оУ 

ехрегiтепtаl dives пееdеd (о рroуе that the dеСОl11ргеssiоп profiles that wеге tested аге 

S llffiсiеПllу safe. In огdег to answer lhis question, it is песеssагу to establish the 

сlеfiпitiоп о!' "safe decol11pгession". А 5% гisk оГ DCS l11ау Ье acceptable fOI" sOl11e 

militагу diviпg pllГposes. Оп the otheI" hand, for гесгеаtiопаl cliving, the risk shollld Ье 

less than 1% al а соп1'idепсе 'еуеl 01' 95 % [2J. 
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Figllге 4, Gгарhiс гергсsспtаtiоп of сопt'idепсс 'еуеl witll BCГl10Lllli's tгiаls Ф(п) vs 

р Гог N=9 апd 11=3 

Tlle еstiтаtiоп CITOГ of tlle рГОЬClЫlitу limits РI<Ф<Р,' is 0., Непсс the сопГiclеllСС 

' еуеl ot' this estimate is 1-0., Iп ol'deJ" to Гiпd tlle пuтЬег of dives песеssагу to vегit'у а 

dссотргеssiоп pгofile withiп а specifiee! limit, а low ргоЬаЬilitу 01' eITOJ" о. mLlst 11е 

assllmee!, Тllеп we сап calclllate, t'ГОIll the Ыпотiаl distгiЬLltiоп, tllC ПLllnЬСГ оГ 

ехрегiтепtаl divcs апd tlle iпсidепt гаtс that will give LIS tllC соп1'iе!епсе iпtсгvаl, whicll 

has а pгobabllity cqual 01' Icss tl1ап the lilllit vallle assLIIlled, TI1C сопГidепсе iпtСГ\l аls оГ 

р vallle, Гог О alld 1 illcidcllt 01' DCS а! 95 % alld 99 % СОllfidспсе levcls, аге SllOWIl ill 

Tablc 2, FigLIГe 5 shows (Ье Illaximal pгobabllity foг О, 1 апеl 2 iпсidеllts оГ DCS as а 

f'lIllсtiоп оГ tlle IlLllnbeг of dives, 

Веt'оге we stагt tеstiпg decolllp,'essioll tables, we WOLlld like, ideally, tllC vаlidаtiоп 

pгoceclLIГc to havc the followillg сhагасtегi s tiсs: 

-tllС IlLllnl1eJ" оГ tlle ехрсгilnепtаlllivе s геqLliгссl to Ьс slllall 

-tllС схрегi,nепts [о iпvоlvс а геlаti vсlу slllall гisk 01' DCS, alld 

-the Гiпаl I'C5Lllt [о pгo\'ide а silllple alld cleaJ" allswel' аЬоLlt tllC safety 01' tllC 

dеСОlllргеssiоп Illoclel tested, 



ТиЫе 2. COll f idellce limi ts foг О 01' \v ith О Il С si llgle DCS illcidel1t i l1 ,"clutiol1 to thc 

I1 l11l1Ье г ot' ехрегimСllt<l 1 divcs ре гrО Пl1сd at 95 <ll1d 99% cOl1t'idellce levels 

NlImbeг 01' NlImbeг of COl1fidel1ce li ll1 i ts (% DCS) at srcciCiccl СОI1Псlеl1се 

ехрсгimеl1tа l DCS i ll cidellts ' еус l 

dives 

N 11 95% 99% 

5 О 0,00 - 45,07 0.00 - 60.19 

5 1 0,5 1 - 7 1,64 0.10 - RI.49 

10 О 0,00 - 25.89 0.00 - 36.90 

10 1 0,25 - 44,50 0.05 - 54.-13 

20 О 0,00 - 13,91 0.00 - 20,57 

2{) 1 0,13 - 24,87 0,03 - 31.71 

50 О 0,00 - 5,82 0.00 - 8,80 

50 1 0,05 - 10,65 0.01 - 13.94 

80 О 0.00 - 3,68 0.00 - 5,59 

80 1 0.03 - 6.77 0.01-8.92 

90 О 0,00 - 3,27 0.00 - 4,99 

90 1 0,03 - 6,04 0,01-7.97 

100 О 0,00 - 2,95 0,00 - 4,50 

100 1 0,03 - 5,45 0.01-7,20 

300 О 0.00 - 0,99 0.00 - 1.52 

300 1 0.0 1 - 1.84 0.00 - 2,45 

4БО О 0.00 - 0.65 О ЛО - 1.00 

Tlle аЬоуе expect<ltio l1 s аге obv iolls ly СОlltгаd i сtогу. As SllOWI1 ill tlle cxa ll1rlc 

al1Ove, if we aim at ,"CdllCi llg the Illlll1Ьег of dives alld а! millimal DCS ,"isk, \Vc call1lot, 

as а '"llle. ac ll ieve а clcuг allsweг abollt the sat'ety 01' thc decompl'essioll рl'оГilс tcstecl. А 

simple alld cleaг allsweг гсqlli геs а ,"e lativcly Iligh Illlll1ЬС Г 01' tcsts. This clemal1cls 

соl1sidсгаы � e fil1al1cial 111callS al1d а ,"e latively 10l1g time to comr1etc tllC stLI(ly. 
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Figuге 5. Expected maximal pгobability 0(' DCS incident, confidellce level of 95 % 



Becallse the lIse оГ confidence iпtегvаls (о validate tlle епtiге dесотргеssiоп (аЫе 

wOllld геqlliге ап ехtгетеlу lагgе ПllтЬег of ехрегiтепtаl dives, some геsеal'сhегs 

ргеt"eг (о asslIIne that the DCS ,"isk is constant foг the whole ,"ange of depth and bottom 

times gепегаtеd Ьу the mathematical model, In this case, the expected ргоЬаЬilitу of' 

DCS is applied to а wllOle poplllation of events, ,"egardless оГ the decompression profile 

tcsted, This ,"elies оп а division of the ргоfilеs tested into сегtаiп grollps (selection 

сгitегiа t'oг tlle gГOllps аге decided Ьу tlle геsеагсhег) and thell ,"Llnlling statistical tests foг 

these gГОllрs, ОГ cOlll'se, the гергеsеlltаtivе qllality of sllch tcsts depcnds 011 tllC Чllаlitу 

and vагiеtу of tlle selected pгot'iles, Sllcll procedLIГes аге jllstif'ied wllCn the ехрегiПlепrаl 

dives makillg lIP tlle gГOLlpS аге СОlllрагаЫе as (о ЬоttоПl times alld depths. BlIt wllen 

this selectioll is spread оуег а whole ,"allge of depths, ('ог dive dLlratioll from sеvегаl 

Illinlltes to dive tillles leadillg to sашгаtiоп of the body, sllch pгocedLIГes cOllld Ье 

\vrong. 

Afteг СОПlрlеtiпg 20 ехрегiПlепtаl dives withollt аllУ incidents 01' DCS, it Illау Ьс 

assllmed tllat tlle pгobability of DCS ,"emains bet\veell О alld 13.91 % at а cOllfidcllcc 

level of 95%. lп ordeI" to obtain а DCS ,"isk below 1 % а! the sallle cOllt'idellce level. 

abollt 300 ехрегiтеlltаl dives ПlLISt Ье dOlle witll Il(DCS)=O, It' it is Ilесеssагу to assLline 

а Iligller confidence level SLICh as 99%, alld we wOllld like to condllct ехреl'iПlеlltаl 

dives for each depth and time, tllell the 0,00% - 1,00% cOllfidellce iпtегvаl геqlliгеs 

cOlllpletioll of at least 460 ехрегiтепtаl dives withollt апу DCS SYlllptom fOI" each епtгу 

ill the dеСОlllргеssiОIl (аЫе. 

VaIidation procedure 

[п ol'der to develop тоге ргасtiсаl decolllpression va[idatioll procedLIГes (о fit 

withill fillallcial and time cOllstraillts, it wi[1 Ье Ilecessary to illvestigate other strategies 

('ог redllcing the IlLlinbeг of ,"eqllired dives while still keepillg in mind the statistical 

СОllsidегаtiопs ргеsеlltеd in this рарег. In the reference literatLIГe, vагiОllS validatioll 

methods аге to Ье fOllnd, Опе of them has Ьееп developed at the Naval Medical 

Rеsеагсh Iпstiшtе (NMRn. lt limits the 1l1lПlber of ехрегiтепtаl dives to а maxiПllllll of 

40 (FigLIГe 6) [61, Havillg completed 28 dives withollt аllУ incidellts of DCS, it is 

assLlmed tllat the ргоfilе tested is sat'e, BLlt if dLIГillg the tests, Оllе case of DCS occLliTed, 

tlle dives wOllld Ье continlled lIlltil а total of 40 Ilad Ьееll attailled, 01' Llntil tlle 

ОССLliтепсе of allother case of DCS, [f another case of DCS occLliTed, then tlle tгiаls аге 

halted, the ргоГi le is considered 1I1lsafe and is tllегеfоге rejected, However, if 40 



ехроsuгеs wеге attai lled with oll ly Оllе case Ot' DCS, the ргоfilе is accepted as beillg 

saf'e. 

Ca lclllatiol1 ot' the cOllt'idellce iпtеl'vаls ('ог tllis example is sllOWП iп ТаЫе З. At thc 

У5% СОllfidепсе level, the tгuе ргоЬаЬilitу of DCS will Ье по gгеаtег thап 10,15 %, 

ТаЫе 4 SllOWS the pгohability ot' the ОССLIIтепсе of О iп 28 апd 1 iп 40 if' the lIпdегlуiпg 

tГLlС ргоЬаЬilitiеs ot' DCS аге [0,5, апd ] %, 
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Figше 6, Сhагt ot' vаlidаtiоп ргосеdше lIsed Ьу tl1c NMR! [6] 

ТаЫе 3. Сопt'idепсе iпtегvа! {ог thc NMR! vаlidаtiоп ргосеdше 

СОllfidепсе iпtегvаl [%] 

Сопfidепtiаl limit [%] 7S 9S 99 
-) 

Jоiп N=28; п(DСS)=() 0,00 - 0,00 - 0,00 -

t CVCllts 4,83 1 О, 15 15,17 

N=40; п(J)СS)=] 0,33 - (),(}6 - 0,01 -

8,73 13, 16 17,15 

УО 



ТаЫе 4, Pгobability of statistical опsеt of jоiпt еvепts Гог 111е NMR/ vаlidаtiоп 

ргосеduге, 

Ф [%] 

РгоЬаЫlitу р DCS оссurтепсе [%] 
10 

1 
5 

---7 

Joi N=28; п(/)СS)=О 5,2 23, 75, 

пt 3 78 47 

еvепts N=40; п(DСS)= 1 6,5 27, 27, 

7 06 03 

3, DISСUSSЮN AND СОNСLUSЮNS 

The Polisll Navy саппоt ассер! а vегiГiсаtiоп ргоссdше 1'01' tеstiпg tables that П1ее ts 

гigОГОllS statistical stапdагds sllch as асhiеviпg О cases 01' DCS а! а соп,'iсlепсе 'еуеl оГ 

95% Witll tlle схресtаtiоп tllat the actLlal ргоl)аЫlitу 01' DCS will l)е опlу 1 %, Iп sllch а 

case, abollt 300 dives witllollt апу iпсidепсе оГ DCS wOllld Ье геqlliгеd [о test eacll 

deptll апd ЬоttoП1 tiП1е епtгу iп tllC sct of tables, Fiпапсiаl alld tiП1е сопstгаiпts will по! 

allow tlle higll ПllП1Ьегs 01' dives геqlliгеd, I! is песеssагу to aclopt SОП1е stI'ategics ['ог 

ГСС!lIсiпg the ПLIП1Ьег of divcs Wllilc still ргоvidiпg SОП1е cleaг апswегs оп tllC saf'ety о!' 

tllC c!ives, Thc goal wOLllc1 Ьс [о оЬtаiп c!ivcs tllat ш'е "геаsопаЫу sa1'e" , TllC NМЮ 

pl"OceclLIГc of асссрtiпg а dive ргоl'ilе iГ по cases 01' пС.'> Ш'С оЬsсгvесl iп 28 di\lcS is а 

гсаsопаЫе stгаtсgу, If опс casc 01' OCS ОССLIГS iп the t'iгst 28 divcs, tllеп сliviпg is 

сопtiПllес! Llпtil 40 c!i\lcS агс аttаiпеd 01' а sссопd case of DCS ОССLIГS, Tllis stгаtсgу 

ГСС!lIССS tllC tгiаl size sigпiГiсапtlу, 1" tlle dives ш'с уегу safc апd по DCS ОССllГS, we stop 

at 28 dives foг cacll ргоfilе, It' the dives агс уегу гiskу апd pl"Odllce 2 cases 01' DCS 

qllickly, tllСП tllC tгiаls wOllld Ьс tепniпаtсd еагlу, Foг eX<1mple, {гот ТаЫс 4, tllC 

pl'Ol)abllity 01' Ьсiпg аЫе [о <1chicvc О iп 28 dives is опlу аЬоllt 59{ i" tllC гсаl pгobal)ility 

01' пс::; is 100;( <1п(1 tlle tгiаls wOL11c1 lle likely tеПlliпаtеd еагlу, Оп tlle otlleI' llaпd, if' tlle 

гсаl ~)!'obal)ility о!' DCS wсгс 1 %, tllc ргоЬаЫlitу 0[' аttаiпiпg 28 (!ivcs witll по OCS 

wOllld Ье 750/" Fш'tllСl' апаlуsis ot' this Рl"Oссdше, iпсllldiпg Мопtе Сагlо sil11lllаtiопs, is 

WaIтапtес! [о оbtаiп сlеагсг апswегs оп tllC saYety апd poweг 01' thesc clivc tl'ials, 

91 



ACKNOWLEDGEMENT 

This геsеагсh was finuncially SLlррогtеd Ьу tlle Polish State Committee fo,' 

Scientific Rеsеагсh, the Polisll Nuvy and Defence and Civil InstitLlte of Епviгопmепtаl 

Меdiсiпе - Canada. 

Main рагt of this mаtегiаl was ргеsепtеd like dгаft stLldy of Stапdагdizаtiоп 

Аgгееmеl1t (STANAG) foI' Мilitагу Agency foJ' Stаl1dагdizаtiоп NATO (wогks огdег ­

Rерогt of tlle 2001 Meeting of the Uпdегwаtег Divil1g Workil1g ОГОLlР рр. 174 Зl1d 175) 

1. 

3. 

4. 

5. 

REFERENCES 

Ноте,', L.O. зпd WеаthегsЬу, Р. К. Statistical aspects of the design and tсstiпg 01' 
dесоmргеssiоп tabIes. Undersea Biomed Res 12(3): 239-249, 1985. 
Нl'ggiпs К.Е. 1992: The DYl1amics of Dесоmргеssiоп WогkЬооk: The 

University of Michigan Апп АгЬог: Michigan 1992. 
кtos R.: Арагаtу Nurkowe z геgепегасjq cZYl1l1ika oddechowego: СООРgгаl' 
Poznan 2000. 
кtos R, Nishi R.Y.:Yalidation of decompression tables; Part 1- Bil10mial 
distгiыiiопп Пlodel of DCS ОССLIIтепсе: Project foJ' Ul1dегwаtег Diving Working 
Огонр NATO Stапdагdizаtiоп Agency 2002. 
Nishi R.Y. al1d Lаliсkпег G.R.: Development of' the DCIEM 1983 
Dесоmргеssiоп Modcl Гог Compressed AiI" Diviпg: DCIEM No. 84-R-44. 
Dеfепсе апd Civil Institlite оГ Envirol1mental Medicil1c, Department оГ National 

Dеfепсе - Cal1ada 1984. 
6. SlIГvanshi S.S., Weathersby Р.К., Нотег L.D. and Thalmal1l1 Е.О. Design of 

Dive Тгiаls, in Lang М and УаПI1 R (Eds.), Ргосееdiпgs of the Аmегiсаl1 

Academy of Ul1de"water Sciences Repetitive Divil1g Wогkshор, AAUSOSP­
RDW-02-92. Атегiсап Academy оГ Ul1derwate,' Sсiепсеs, Costa МеБа, СА, рр. 
287-292, 1992. 

7. Weatllersby Р.К.: Confidence in Dесоmргеssiоп Safety, in Lin У.С <[псl Sllida 
К.К.: Маl1 in the Sea: Уоl 1: Best Pliblishil1g Со. Sап Реdго 1990 

View publication stats

https://www.researchgate.net/publication/10880402

