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INTRDDUCHGN _

Commercial diving relies on air diving for shallow operations. air riii-it-lg
offers the obvious advantages ot simplicity and reduced costs but has the
inherent shortcomings of bounce diving

The first limitation is tl1e decompression time which reduces the ratio of the
woriting time over the diving time To cope with it. the diving contractors
have intro-due-ed a large variety oi’ procedures in their dieing |'|:'|3,]_1u$_|5 :
- the ascent to s1.trface can be performed using four decompression

techniques which are no-stop decompression, in-water decompression,
surface decompression using a declt chamber or transfers ontier pressure
{TUPJ using a. diving bell.

- the tieeomprlmiorls can he conducted using various decotnpre-ssion_
tables, which usually refer to the US Navy manual, but also to specific
company developments or to government publications.

- the tables can combine alternatives such as riitroit breathing, oxygen
stops. multiple depth profiles, etc

The 5Et.‘IlIlt‘lItl lirnitaliort is tl‘|-E fifetj of H13 decumprlggjgfl, The Pgj_;|-|_[ “-15
dotrurnented by the Lilli Department of Energy [Di]-E} who organised n c|_|1-1,.-ey
-Elf Bil‘ diving operations [I1 IIl'|,-E North SE3, The re-5|,1_|E fifli; Pfgggnfgd [Q []"|_E-
diving iflllll.I5lIl'f-" ll'|. 1935 {1} showed an aiar111i|1,g iI'|tI.it1e1t'|th|! of decorrtp-r-g55[rJ11
EiE|'iIlEE5 [UC5] for the deep and long exposures. As a consequence, the D-D-E
iflelii a series of Safety Memorandums limiting air diving eitposures in the
UK sector. The lrierrlorandums initially eoncemed surface decompression [E]-
bot later extended tn in-water decompression {3}-

The DUE approach. purely hosed on a depth.-“time limitation has shown to he
relaiively efiieient since the H33 op-ei-ations lead to Ei-l-this overall DES
inside-nee fer moss air dives recorded. However, it is still unsatisfactory
because. among these DC‘-5 eases, ll seriou.s neurological accidents were
reported, whidt represent a threat for it divers’ population of around Sill}
individuals. In this paper, to l'l.lrtJter refine the analysis, we decided that DEE
should not be consideretl as a whole but rather studied through its two
manifestations, type I and type II occ|.|rre11oes.

In paper a published in 1971. Hills {+1} was able to show, using an animal
model, that DC-S occurrences could change from type I to typ-e ll symptoms by
changing from continuous decompression to surface decompression. This
remarkable experiment demonstrated the e:-tistenee of di.fl'etent mechanisms
for the onset of type II DES which was later accounted for by the arterial
bubbles model. This model can be summarized as fellows:
- bubbles are normally produced during a decompression in The 1.-'a.sc|.llar

bed, transported by the venous system and filtered out in the iung,
- in ease a bubble crosses the lung and is injected in the arterial system,

it is likely to reach a neurological tissue,
- there, the neurological tissue will act as a gas reservoir and the babble

will start growing, causing major alteration of the blood supply. and
finally isehetnia.

The arterial bubbles: were first detected and their possible role dismissed by
the scientists r|.|r|r|:in;g do1:l|:ller detection studiu {5,i:i'_l- The model of the
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diving.
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Data l'or the study were collected troln the II.‘-omen: data base (12) and from
the puhlhhed information on the DOE data base. Unfortunately, beca.:.|.'.-:e the
DUE did not publish the raw information, referring to their data requires to
adapt to their classification of the decorrlprlmion severity. in the last report,
the partition is based on die "Prt [ndelt". which is the product ot the dive
pressure by the square root oi‘ the bottom time. This indeit was thus adopted
in the study.

The first source of inIorn'latio|'t is the information published on the 1*-|'or‘th Sea
air diving operations by the DUE in lithe [13]. The period ranges from 15512
to 15'-EB. All the diving contractors contributed to the dive reports collection
and the data therefore include the Corneit UK dive reports for this period. Sec
table no 1.

Table no 1 I Data publiihetl irl. the DUE reports on air diving operations in
the UH sector ot the hiorth Sea from 1552 to 15'-BB.

noa report air no-stop 5 Pi-tt=rs sate:-r<=ss Prt>35-
Number of eitposures 35.555 g 2.15-rl EI-
Iilutnb-er of type I DEE 3 U ll-
Number of type II nos s 1 11

DUE report ai.r ir|—vrater D _ Pl-tt=25 ' 2-'5tPrtt=-'35 P:-tr-35
and bell 'l'UP

Number of Eltpoalsrwu 12,739 4,559 1T4-“I
titunber nttypellllfi‘-S 11 11 I1
Number of type H nos I -t I 9

as ;.;,..... at soo P1-tt=25 5 25t1=rt<=35 ! Prtl-El-5 I
. I!_ _ __ _ . ._

II
,h'urnb-er ofeitposures
iiiurttber of type l DES
Hurnber of type ll [IE5

ians: eases
s 11o
1 1'1

5,252
5-B
3-1
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The resend averse of information is the ls‘?-t French onlcial air tables- These
tables were included in the Cornex diving manuals and used world widely for
its operations [14]. The tables offer air no-stop decompression, ,5.[3_|_'|r;|_g_p|i
decornprmiun, and in-water decompressinn n,-ting nxygnn hrenthing gr gm_
The data presented in the table no 2 were collected using Comex data base.
The period selected ranges from IEIITE to 1953. The dives concerned we-rid
vrid-e operations except the North Sea. in 19-BE and in [553 tn 31,-n[.;[
overlapping with the data from the DUE report.

Table no 2 : French IE-“Te air tables. IHTE to lEIiEl3 Comex operations.

French ‘id air no stop I Prt<i=Z5 25-:P|-rt =35 P|-r,i35

Number of exposures Eliilild ‘I o 1335
Number of type I EHSS 2 . l]- t]
Number of type ll DES 1 1} El

French '3"-=i air in—waterD I an-:=as as-:Pru=ss ‘ Press
Number of exposures ; ‘H.533 9,599 2,-126
Number of type l DES ' 13 55 dil
Number of type II DES I 1 1

The third source of information is related to the Comex l9'i"¢l air surface
decompression using oxygen {EDD} ‘tables. The data presented in The table no
3 were collected using the Cornea data base. The divs mainly concerned the
Comex North Sea operations. The period selected ranges from IEITE to 1951 to
avoid overlapping with the DUE report.

Table no 3 : Comex air EDIE} tables. l5‘T'E to 1951 Gomex operations.

Nu rnber of exposures 591 3.-1-i'i'ii 3.Ei‘il
Number of type l DES D T H‘
Number of type II DC‘-5 ll 3 -t

Cit l9'i"=1 air SDU Pt't*i=25 25-'iPtt'i=3-5 g Ptt>35

The last source of information is related to the revised Cemex air tables.
which were developed during 153-l, validated offshore during 1955-BE, and
introduced in the Comes diving manuals in 1533-T [15]. The tables include air
no-stop, standard decompression, in—vrater deoompnasiorl with oxygen
breathing at Em. in-water decornprestiort with oxygen breathing at 12 m. and
surface decompression. The air EDD tabla are limited to exposures close to
the ones recommended by the El-El-E. The data presented in the table no 4 were
collected using the Comex data base. ‘I1-ie 1953 results are missing because on
that year, the data base was not kept operational. The 15515 and lad? dive
reports oonte from lo-catiorrs other than the North S-ea to avoid overlapping
with the DUE report. The [HE-9 and 199d dive reports come from world-wide
operations. it-‘cry few beil TUP dives were recorded with these tables and are
not mentioned in the table
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Table no 4 : Comes. I95-B revised sir |;s|;i1.5_ 1935' 19.5-,'_ 19.59 and 159:] gflmfi
operations

' " I
Ex El-E air no-stoP Pm=25 251’ Prt-t =3-'5 P‘rt135-

Nurnl:-er of exposure-s
Number of type I DES
Number of 1:_|,"|_;:|e II DES

1.2.32?
D
U

1.234 i
U .

I]

ill
{II
U-

rC.\t as air E11-n-'a.ter o Pr:-:=es 2-5-'iP'r‘H =35 Fr|E3'35
i-

Numher of exposures
Number of type I DES

I Number oftjrpe II EH35 ll

‘L125
1

Iaaac. '"
12

1
2.05-5

1T
E

Cit BE air EDD Prtt=25 E < P1-tt=2i5
.._| —-- -‘

F'rtI>35

‘Number of exposures
Number of type I DES
Number of type II DC-5 U

552
1

l—l'

'l:H—-E

El
1]
D

RESUL15 AMI} DISEIUEIUH

Influence of the dccumprlainn iH:I'|.t1iql.l-E
Ccl-mrncrcial diving decompression techniqu can he classified in two
categories, thl‘: continuous ascent to the surface, as in in-water and beil. TIA?
clecompressions. anti. the surface tiecompresion-|. The surface clecornpression
has a built-in pressure variation associated to the e.1cc1.|rsicn to the surface
and The rep-i-tl rcc.1:l-ITlpr$ifll't in the cleck chamber.

According to the arterial bubbles model. the surface decompression should
favor the occurrence of serious DES. The seertario is that the excursion to the
surface generates bubble: and the recompression in the 1'J1.n.rni:|-er may
fseiiitate their transfer through the lung. The proem is purely physical, haseel

— on the bubbles size rccluctintl according to the E-o_1.r|e’s law. To verify this
' assumption, the safety performances of 142,'Ti'=El men dives. using either EDD

or continuous ascent. have I:-een compared in the table no 5.

Table no 5 : comparison of air in-water an-tl bel] TU‘? decornpressions with air
SDD clecumtlrflsic-|'l.

1 _ _ .

E Pi-cc =25 25<Prt<=35 P1-t>:i5

In-water; EDD
"H-EIITUP

: It1—nratcr
Bell TUP

SUE! In-water
I Bell rue.

EDD

' Exposures $1,551 i 1o.e'r-1 22.543 511,230. 3,349 9.325

'I‘5I'pe I DES 3-Cl -4
I £1.02-‘Br; l}.lIl4%

TE -
11.3-135

I13 TT
11.2235 0.9235

B?
El-.9355

I
Type II DC-5 5 l
at i outs ; aunt

3 E
ttulit

T4 ; 12
0.1-'-1% 11.1-195

35
§ lII.3B~5||li
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The comparison of tbe type I DC‘-5 o-ccurrencu does not |:|-errnit to 1;lj_fi'Er-Entjiate
between the two technique of decompnmion. In both cases. the observed
rate of incidence increases with the expowre severity. thus indicating s ciirc-ct
relationship between the risit of type I DES and the tissue gas load,

However. the comparison of the type ii DES occurrences permits to draw
interesting conclusions. For moderated exposure-s, corresponding to the ones
permitted by the DUE Safety Memorandums, the rial: is low and the difference
is notl significant. For these exposurm. the surface decompression can he
considered as safe a decompression technique as in-water or bell TLTP
decompression.

For severe exposures. exceeding the limits of the DOE Safety Memorandums.
the incidence of type II DCS becomes significantly much higher with the
surface decompression t'p+:ii.EiEll‘i€ for 25tPrt<=35 exposures and ptlhi for
Prthiib exposures]. Clearly, for severe exposures, the risks are higher for the
divers with the surface decompression than with the in-water or bell TL‘?
decompression, because the consequences are not the same :
- type I cases are simple accidents. They lead to symptoms that are well

recognised and easily treated by recornpression and hyperbaric oxygen
on maslc. According to the DMAE recommendations [15], at diver can
return to diving only 21-1h after e. Silflflflfiififlll treattnent.

- type ll cases are serious accidents. They lead to symptoms that are
sometimes difiicsilt to recognise and the treatments are often delayed
and less efficient. According to the Dll'[AC recornmenclations, a diver
must have 'i" days off after a stlccessfttl treatment but may lose his
diving certificate in case of residual manifestations.

It must be noted for the surface decompressiori, that the increase of lij-‘Fr-E II
DES incidence is drastic over the F'rt=% border. This border seems -to be the
"natural" [lm.lt to the snIe use of ‘the surface decomprasi-or|,, This fact remains
to be explained but apparently is a characteristic of the surfaoe
decomprfision only. The physiu of the bubbles fbrrnalticri indicates that the
rate of ascent to the surface, the surface interval and the deput of the
1'91‘-'¢lTlPFeE=iflfl ere trilitel factors for the outcome of a surface decompression
Unfortunately, the first two factors carutot be studied with a data banlt
dealing with diving lop and the last one, the depth of recomprfiion is a
constant in diving procedumct. The question is pending whether the surface
decomprewion technique could he improved and how.

liteanwhile, the data collected amply justify restricting the use of the surface
decompression technique to its observed sate limiis i-iowever. it must be
noted that such a separating line does not exist for the in-water or beli TUP
decompression

Influence of the bottom pl-‘mini-e profile
l~iorn-tally, when working a diver is committed to iteep a constant depth and
dive a square pressure profile which corresponds to the assumptions used to
calculate and validate his decomprenion schedule. in practice, the diver may
perform repetitive ascents Ind deccents between two work depths. or when in
shallow waters, ascent several times to the surface to picit up tools. These
depth variations have been termed yoyo diving. According to the arterial
bubbles model, yoyo diving should produce serious DES simiiariy to the
surface decompression.

bio stop, in-water and bell TUF dccompressions still provide type ]I DES cases
that cannot be expiained by a pressure variation built in the decompression
procedure. These cases cannot either be explained by the severity of the
exposure because B types II DC‘-5 occurring in the no-stop decompression area
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were collected in this paper. In addition to air embolism or muiti—day diving,
a possible explanation could be yoyo diving, an uncontrolled practice
occurring randomly over the Exposura range rEg3_|_-d_]-E55 elf t11,|-_- d-E1;-q;|.|mp;|_-p55in.[|
teehnio_ue.

The I.-ype ii DES cases reported on the Comes. tvorli: sites for no-stop, in-water
and bell TT.iF' decotnptcssions have been summarized in the table no E below
tor all the exposures not overlapping vvtth the DUE survey. The aeeidents
have been classified according to the suspected contributing factors. The data
are scarce but however support the fact that a signitieant fraction of the cases
can he related to yoyo diving. lt may be that in the rutttre. the systematic
implementation of electronic dive reoorders will permit to gather aeeurate
infon-nation on the divers’ prmtre profile and start doenrnenting the Ee,e|_|e_

Table no B : Summary oi type il DES reported after no-stop. in-water and bell
TUP decotnprendons 1575 to lttillil Comes operations.

Suspectetl contributing factor Cases -t

I‘-i|I'—'l—'|'-J

Yoyo diving
Etapid asoent to the surface
ltiulti day repetitive diving
Unknown

q

[nfluenoe of the deeompre-ssi.on table
The above results stren the importance of the dive procedure rather than the
decompression table. This is i‘orr|.|nate because the highly random process
involved in the .eeneration of arterial bubbles make table designers feel
desperate to ever found. a model for sueh events. However. as far as type [
DCS is invotved, the table no 5 has shown that it can be oorrelated to the
dive eitposttre. regardl of the deeotnprmton technique used. in turn. the
dive exposure can be related to the amount at gas dissolved in the tissue. a
quantity that can be easily esleulated by a mottd. iil-y improving their model.
the table designers have a chance to improve the type I DES incidence of the
decomprlesslorts.

The safety performances of the French T4 air tables and the Cornet. IEIIBE
revised air tables have been compared in the table no T below for in-water
decompression, summarising 12 years ot' decompression studies.

Table no T : Ssafety performances of in-water decompressions from the 19'?-t
French tables and the C‘-omeit 19-B-ii revised air tables.

_ Pt-tt=2.5 estlh-tt=:i5 Prt >35-, | t =
' In-water In-water I|'t-vrllnr In -watt: . In-water In-water

1974 IEIBE 19?-1 15-BE 1974 1536

Eitposurea 1'i".EiB-3 i".12El . 5.55!) 5,33-1 2.425 1555
l1 - l - !Type t ncs 1e = 1 - as 12 as it

s o.1os ooots osts 0.14s - sees oats
'T‘ype II D-G5 1 U ; 1 I 1 E
95- _ |].Dl}E'H- iliililfi '|:|'.U'l1'E 11.11195 |].'l14'iliI [l.i]H".35
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'3" U“ ii"-it “anti 55 i"=PPEP-1'5 that He difference can be seen in type ll DES
incidence. This incidence anyhow remains 1.|"1g1't,I' [pw and i;.;;.u]¢;[ be ff-[a|;.|'=u|:| EU
yoyo diving, that is to say to the dive procedure and not to the
decompression table.

fin the other hand. a significant improvement has been achieved for type i
DES incidence {_p'ii'i5li for Pl-l.<T125, ptEl-|§lEi]_5£ for 2,5tPrr-:=;];5_ p.c|;|_1£l; fgr
Prti-35), a much encouraging result for the table designers, even though the
process is very slow.

The uttderiyistg causes to the DUE results
with the above results in ha.nd and an increased faith in the arterial bubbles
model. it becomes possible to draw a scenario explaining the results of the
DUE! survey of air diving operations in the North Sea. Three mechanisms are
identified and their results are overlaid. The scenario is illustrated by plotting
hypothetical DIES cases in a depth versus time diagram :
- type ll DB5 is produced by yoyo diving, regardless of the decompression

technique and the decompression table. They are l‘a.I‘l-lilfl-t'l'|.l.j." distributed
over the dive exposures with perhaps a concentration close to the
surface due to the higher importance of the Boyle's law [fig la}.

- type ll DES is specifically produced by the surface decompression, for
the dive exposures with a Prt>25 flig. lb],

- type I El-C5 rislts increase with the exposures, regardless of the
decompression technique used l_iig.lcl|.

- combining the three above diagrams gives a resulting picture (fig. td}
surprisingly close to the actual ones published by the fl-r. T Shields in
the DUE report.

CUHCLUSIDN
Separating the two manifestations of the decumprmsion sickness and worlting
with the arterial bubbles model, it has been possible to show using
commercial divipgdata bases that:
- the surface decompression 1:eehnique seems to have a 'natuisl" safe

lirrtit of use, corresponding approximately to the DCIE Safety
Memorandums.

- beyond this limit. the surface deoompression technique tends to produce
a significant higher rate of type ll El-CS than a continuous
decompression-

- no-stop, in-water and bell TUP decompressions also produced type ii
D-CS, but a significant part of these cases could be related to yoyo
diving.

- type I DES seems to be related to the severity of thte dive exposure.
regardless of the decompression tecl-unique.

- the risit of type I DC-'5 can be reduced by designing improved
decompression tables.

The immediate practical implication is that adequate procedures must be
followed to control the type II DES risk ‘while adequate tables must he
supplied to control the type [ DE-'5 rislt. The message is presently brought to
the Cotnex divers in the form of:

Dive the right tables to avoid bends.

Lise the right procedures to avoid serious DES.

JT"||"35| 1 I"1"'-"'|'l EUB5 i'|Il.ht‘|.al lllieetirtg, Ii'I:ralr.l.in|1, G-reecq September IEPEIII. Page



REFERENCES

Ehielda TC-. WE Lee. The incidence of decompression sici-zncss arising from
commercial offshore airadiving operations in the II-iii sector of the T-lorth Sea
during lEiBE.l'El-S. Report to the Department oi‘ Energy, ISSS.
i.-TH. Department of Energy Diving Safety ll-iemorandum I‘-lo- ‘T.-’lSSEi - Exposure
lim.it for offshore air diving. .-tugust IEISE.
Lil-tI Department of Energy Diving Safety Memorandum No. 4.-’lil'SS - Exposure
lirn-its for in-water decompression- lviay ESSS.
Hills ea. Decompression sickness : a fundamental study of "surface excursion"
diving and the selection of limb bends versus Cl‘-IS symptoms. .1I.erospace
."-Iiedicine, ‘l-‘oi -12, 1"-To S. .-iiugust 1‘.5"u'1.
Ein-tbaitj: -at], Grip A, Holand E. Crnaheim J, Tonjum S. Pulsed Doppler
ultrasound for studying haemodynamic changes and bubbles during simulated
diving. Proceedings of the ‘I-'lth .-annual Congress of the El-iES. Cambridge,
ISEI-1.
i-iasttrel C, Hee J, C-iacominl 1., Cuillerm R. Ultrasonic detection of circulating
bubbles in ewes exposed to simulated dives deeper than Sill] m under isobaric
conditions and with unchanged gas mixtures- Proceedings of the Jllth annual
meeting of the ELili'lS. Goteborg Sweden, August IEIBS.
James PB. The sise distribution of gas emboli arising during decompression. A
review of the concept of critical diameter of gas emboli. Proceedings of the
lilllth annual Congress of the ELTBS. Lubeclc Geri-nany, Cctobcr 5-Sth, I932.
James PE. Decompression sicicness. in Clinical Neurology. Edited by ll-Iicbael
Swash and John Dxbury. Churchill Livingstone. ‘i-‘cl 1:555, I991-
I-Icnnessy TR. Cn the site of origin. evolution and effects of decompression
microbubbles. Proceeding of the International Symposium on supersaturation
and bubble formation in fluids a11d organisms. Trondheim Hort-say. June Ei-
lillth. ISBS.
lidltinscn CH, ldacbecd ii-fa, Hodgson ll-I ct al. Cerebral perfusion deficit in
disbaric illness. Lancet EIIS. 19$.
ldoon RE, Camporesi EM, Hisso Ja. Patent fcramen ovale and decompression
sickness in divers. Lancet 1: 513.1559.
lmliert JP and S Montbarbon. The Comex Diving Data Ease. Proceedings of
the EUES Workshop on Dperational dives and decompression data : collection
and analysis. Amsterdam, .~l.ugust 17 th, lS*S~ll.
Giles ll‘. Decompression sicitness from commercial offshore air-diving
operations on the UK continental shelf during 195-S to 1953. Report from the
Ult Department of Energy. tees.
lmbert JP and E-[ Bcntoux. Safety analysis of French IST4 air decompression
tahles. Proceedings of the Undersea Medical Society Workshop on
decompression in surface-based diving. Toiryo, September 12 th. 1556
lmbert JP and ll-'[ B-ontoux. A method for introducing new decompression
procedures. Proceedings of the Undersea Medical Society Workshop on
validation of decompression schedules. Bethesda. l-iaryland. February 13-14
th, ISST.
The Diving Medical Advisory Comlrlittee. Guidance on assessing fitness to
return t-o dive. DHAC U13. July 15'-B3. _

.TPl.|'S511I}'iI'n"fl E‘-HHS Annual llaeeting, ilerai.tiol1, Greece, 5¢P‘t-ttllier IDSI. Illicit



Figure ms 1 : A pessihie seenarie exp-Iii|1ing the resutts ef the El-DE 5ut'1-'t.'j.' ef
air diving eperetiens in the Nerth See.

Fig. la : type Ii DB5 is first
predueed by ;|.re5.=e tit‘-ring, ‘These
eases depend neither en the
deenmpressien tedmique nei-
the tebie but en the dive
pre-eedt: res. They are rendemiy
distributed with perhaps a
higher eeneentratien 1-Jese tn
the surfeee due to the increased
importance df the Be-5-'Ie's law.

Fig. Ib-J type [I DES ii then
speeifleaily p-reduced by the
surfeee deeempressien
asseeieted te severe expesuree.
A eluster appears he].-‘end e
'1-|ature1' safe limit. -

Fig- ll: : r;|.|-pe I DC‘-'5 ii urlijr
related ttr the severity e1’ the
estpesure. LE. the tissue gas
lead. The else: tie nut depend
en the tieeempreesitrn ten-ltnique
used. The mere set-rere the
estpdsttre. the higher the
numb-er ef it-flies.

Fig. 1d : This figure summarizes
the verieus DC‘-S eases ef the
figures la. lb and le in the
same diagram.
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