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AFSTRACT

4 compater data bank set up by Comex to process
diving reports has been used to control and improve
diving procedures. AnalyEis of 54 early sulburalion
dives proved the exdstence of an optimum ascent rate
for satursbion decompressions with a 620 otar chamber
FOs. New saturation decompressicn procedurss were
developed and walidated using the deta bank

THTROCUS IO

As s commercial diving compery, Comes conbinually
faces the problem of combrelling and developing its
diving procedures. Howewer, it must be admitbed that
~ftar almogt 100 yeara of diving and research the
_atanismg of decompression are still nob conpletely
understood and that the development of Jdecompresaion
procedures remaing largely o matier of trisl and error.
For this reason, Comex studied the pessibilities of
using & diving report aygtem for the monitoring of its
operations.

The diving reports are working documents which allow
operational personnsl bo run specific check—lists, o
through pre—defined schedules esnd keep records of
relovant parameters. Thess reports contain invaluable
informaiicn concerning the operations, but a major
ALfTioulty remairs of how best to process this mass of
data to benefit from the offbhore experiencs.

In 1974 Comex sharted a compuier gygben to process
ita diving reports and try to access this information
efficiently. The system has been kept running ever
gince and now containe over 150,000 diving reporta
collected fram worldwide cperations. The files contain
data on all diving methods (air, mixed ges diving or

References and illustrations at end of paper.

deep diving), all types of wark (econstruction,
hyperbaric welding, inspection, mainhenance, .. and
constitobe & unbque source of information on commercial
diving.

Trea Comex Data Perk has been used to study diving
sobivity, analyse market trends and mansge personnel,
but ite most nobsbla application has been in the
mordtoring of diving procedures.  Stabistical analysis
of the diving reports has besn turned into a selentific
rathod Far decompression procadure developrent that waa
used for the revision of the French Alr decompression
tanlas in 1986 (1), The purpose of This paper is to
illugtrate how this method was used fo develop and
validate rew Comex Heliox Saturation Procedurss in
1984,

Tae previous Comex ssturaticn procsdurss specified
congtant chamber Oxyzen partizl pressure (Fl,) conbined
with varying rates of asesnt, accorling to the tasories
in foree at the time. The introduction of the "critical
volume" assumption (2) and the work of VANN (3)
indicated that there should be a linear relationship
tetween the safe rate of ssturation decompression and
chamber Plo. Accordingly, = decompression with a
conatant chamber Fle should te conducted with a
congtant rate of agocent.

Because the oukcome of a decompression ia
unpredictable and depends on a large mumber of factors
such as dive conditions or Individusl suscepbibdility
{43, the study of decompression safety performances
s requires recording thousands of dives carried cut
by hundreds of different divers. Only commercial
affehore operations can provide the large woluee of
information neceazary for a peaningiul statistical
analysizs The chjective was to determine whether or nob
Coies Tats Fenle would gupport the emerging theories and
whether betier procedures could be designed
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MATERIAL AND FETHOD

Jomex snturahion procedures

Comex fireh carried cub Heliox satoration operations
in 1969 on board ASTRAGATE in the Bgy of Blsesy. Since
that time, and with the development of Horbh Hea
aperations, thousands of dives have been performed with
thig diving method.

Aa opposed bo most other diving contractors, whs
nave based their diving procedures on the L3 Havy
Tiving Manual, Ueomex has always used original
satprakion procedures develored by ite sclentific team
sk the Marseills Hyperbaric Cemter (5). For this reason
these procedures display certain characteristic
features :

— the ascent iz carried out by continuous
decompression without sny ndght stops.

— the permithed exoursicn distance for bell dives
fram sborsge depth is relatively small compared to
the L8, Navy practice. Tor instance, st 150 m.
gtoragn depth, it was 13 w. in the 1974 edition
and ordy 10 m. in the 1979 revision.

- the chamber FOp is set to 600 mbar for final
decompresgion to surface. This im baged on stedies
carried out by Comex scientisls on the optimim wse
af Oxygen during decompression (6, 7, 8). This
relatively high Oxygen level {most commercial
diving compenies wee 500 mbar 0, and B Hewy
only 350 mber) has permitied increasing the
decompresgion aspeed while still mainbaining the
aome degree of safedy

Comex instructions have been nodified several times
(972, 1974, 1979) to improve their safety performances
and . operabiomal Flexibility bub, up to 19835, chenges
arily concerasd the rates of ascent. Tor instancs, in
the 1974 editicn, the decompression rates varied from
30 min/m at 150 m. to 40 min/m at 20 m. In the 1579
ravigion, at the same Jdeptha, these were altersd to 3%
min/m ard 45 mindm.

Aourne of informekbion

11 data used in the analyesis come from satorstion
diving reports collected in the Conex data bark filea
from 1968 to 19595, Thess reporbs are pert of the Domesc
imternal reporbing syeben and incdlade three different
forma |

— The diving reports, which are filled in by the
diving superigor whensvar a dive is carried ouk

- The chambar logs, filled in by the 1ife support
technicians, which contain all the informaticn
relevant Lo chamber ambient paramebers, but also
detaila of the freatment in case of a
decompression gickness (DS

- The sccident reports, which are used in cass of
illnegs, injury or TGS

The saturation dives mostly concerned offshors
operations recorded after 1974, but alsc included some
early deep experimental dives carried cub at fhe
Marsaille fyperbaric Center. These saturation dives
were all conducbed using the same 600 woer chamber PO,
bt deccmpressed with various ascent rates according to
tine procedures in use at the time.

Collechion and velidation of the reports

The reports are supplied in pads with aufocopying
aheets, One sheet remains on the worksite, one goes to
the project files and the lags one ia forwarded to the
Aafety and Methods Department of Comex at Marseills.

The reports are checked for errcrs and entered in
the daba bank by experienced life support techndicians
or diving supervisors. The compuber then runs on time
verification of data consistency such as comparing
excursion and shorage depbns and decompression fime
chetks.

Tn oaddition bo the above precaubicns, the waliditgy
of the data is checked at site level., The locsl frenda
are compared o the general resulta in order to
identify ayatenatic errors of procedures or simply
missing reports that would bias the statistics.

Bach and every DO8 was investigated whenever
possible with information from workeite safaty
inspections, medical examination or infterview with the
diver. A1 lmowm incidents/sceidents were Gaken into
acconrtk, whether officially reported or nob, whetner
breated or not, whether clasgified ss bends, 'niggles”
or just dodbtful. Over this large mumber of dives, somna
divers were inevitably involved in aeveral D03
apisodes. Fowsver no correchicn wes introduced in the
D28 incidence, as individual auscepticility was nob
corgidered as an independent varisble in this study.

IS

Baturation dives

Ovar the pericd concerned, 5744 diver saturalbion
decnmpressions were recorded at depths ranging From 20
to 30 m. (See Figure 1).
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It con e seen that most of the Aives were carrisd
oub during Morth Sea operations (100 o 190 m. water
depthl.

630 professional divers wers involved in these
anturations who performed an average of one %o two
saturations per year, limited to 30 days aach by
company palicy

Sehyration decompression sickness

The only cagses of DOB recorded during these
saburation deconpressions concern “pain only' itype I
5, Wo cases of neurclogical (type IT) DCS hawe ever
teen pecorded during these saturation decompressions.

411 the T0S recorded cocurred fowards the end of trhe
deconpression. Pigare 2 displays the digtrimition of
First aympton cnset depthe verses the slarting depth of
the decdmpression. ome of the TO8 have recurred at
surface, b none of them have ever been declared after
reactiing the surface.

o rigk and rase of ascent

The 38 rigk has been calodated for fype T TS and
aqresasd a5 a pereentege of hils over Lhe mumber of
saturations. Flgure 3 displays this DO3 risk as a
fanetion of the azcent rates in the 5744 saturation
deconpressions conducted with 600 nbar chamber PO,

Bacaunse the ascent rate wvaried during the
decompresgion, the rate indicated in Figure 3 has baen
onlmilabed az the mean rate of sscend in between the
~—ragp depth and the depth of the deepest recorded DO3
1o 2ach set of satwration ingtructions

TITECUEETON

Validity of the dabs benlc results

To our krowledss, the Comex daba bamkc is the only
amarple of & diving reports computer sysfem nn by &
pommeroial diving Company and has obvious advanbases
e volume of data is larpe and the quality of the
iformakion is high A diving company has the authority
to impose a reporting system and to control the way e
reports are filled in. Results of the system were
sompared ko other lmown diving data tands, such aa the
U Navy (9) or the one developed by Dr. 7. SHIELDS in
U for the Department of Energy (10) and appeared in
eood agreement Tor air diving operations (11).

Howewver, the syatem has inherent Limitabions because
the irformabion comes primarily from the anslysis of
reporks.

Ae far as incldentsfaccidends are concerned, it hes
boen recognized for a long time that the number of
reported cases doss not alweys correspond 1o tie number
of actual problems. One of the ressons for thia ia
administration 3 people forget to £ill in the reports,
Fill them in irsufficiently, or even loge them,

inother reason i related te the subjective
smseganent of the problem. For instance, there are
clear cases of DES ihat are treated with the rignt
procedures, tut there are slso mild cases such as
"nigrled” that are scoetimes given some Okyeen on oask,
or just treated with a hot shower. Fob to menticn the
divers who, for reascns of their own, do nob report the
caza !

Mo get arcund thess difficultiss, cross chedking was
Fun with codplamentary infornabion obbained from aite
safety inspections, inbterviews during medical
cxaminsbions, syshamatic investigations or informal
discuesions. However, 1t is recopized that the syaiem,
1ie mll reparting systems, provides an underestimate
of the actual problems related to diving

Felation betwsen charber PO and saturation ascent rales

The Pirgh Conex ssboration decompresaion proosdores
ware calmilated on variations of a model based on the
supersaturation concept. The raticnale was extremely
gingle becmzme the model reduses to a single tissus
hewing the slowest gos exchangs rate and the oritical
superasturabion it can tolerate. The tismee compartment
waz somned to have an exponentisl rate of gas
evohEnse ©

AFs _ o oo _ T '
T P - B0, PR cvmwcm s e saes sagier 1
where P represents the ambient sbeclube pressurs, T
tha tizme inert gas benmion, F), TShe chamber (ipesn
partial pressure and ¥ oa congfeant specific lo the g
excharize rate of the slowest compartment {240 to %0
miftes time period).

The meimun permitbed Sissue ternsion was assumed to
be related to the ambient pressure by the Zollowing
redationship @
Pb=aPFHEE+C

T R s B
whera g, b and ¢ were empirical coefficienta.

Derivation of equations (1} and (2} is straight-
forward and yields a saturation ascent rate which
depends both on chember Pl oy genth

B __gaPt (P retEpy =

at {z.aF + b)
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- The safety performsnce of the procadurss are
cortimelly controlled by Alving report analysis.

— The procedures are modified wherever a problem is
idertified.

_ The modified procedures ars then sent offshore Lo
gelecked workssites for evaliuabion

_ The modified procedures are issued as Tinal
sompany procedures only after improved aafaly
performances have besn fully dezomented.

Tt im believed that the process is conbinucus
_weranse the procedurss will always be perfectible and
aat anslyaia of the large awount of data from the
rffehore operations will support gradual improvement ol
deoompreagions.

The benefit of such & method is now widely
recopnized a5 it was organized onoan officdal tasls in
the UM in 1965 for the safely performarcs moniioring
o the Horth Ses air diving operatiors (10). However,
the Comex Deba Bank still remaing the Pirst exangdle of
its systematic use and covers all aapects af
decompresgion methods.

COMCTIISTON

4 large volune of dives is now reguired o domment
_eny change in diving procedures aoienkisbs need 1t Lo
alidate their theories, diving compmnies to conbrol
their sites, government agencies to approve the
procedure:s,

fmalysig of early Jomex saburafion expericnee hes
provided support So decompression theories predicting a
linear relationship betwesn chamber Fo and eatarakion
nmcent ratm The mindmm safe decompression rabe for
600 mhar P05 was shown o be 40 mindmn., a vale well in
apcnrdance with other saturation ascent rabes wblished
in the literature for saricus chadber Cgrgen levels.

Thig gtudy illustrates how the use of bhe Comex Debs
Fank Tirst helped in identifying problems of
decompresaion gafety, bt also how il permithed Finding
sogtione, Th then allowsd the walidaticn of wodified
diving procedures before they wers isgued as new
pompany proosdured.

The Corer Data Bank thus sppesrs a very elficlent
taol for progressive improvemsnt of decompression
procedures.

FEPRRITHCES
(1) Tmbert, J.B. and Bonboux, M. : "A method for
irtroducing new decanpression procedurss”, UHME
Worlehop on Validation of deconpresaion Hoheitules,
Pethesda, Maryland, Feb. 1514, 19E7.

Hermessy, T.0. and Hempleman, V. = "An
aeamination of the critical relesses gas volume
soneaph in decompression sickness”, Proc. B Soo
{977) B179, 230313

Yarn, R0, @ "Decompression from saburasicn A"
Third fermel Canadisn Oeean Technology Dongress,
Toranbo, March Z2nd, 1994,

Weathersty, BX. Wheartainty  in decompression
safetly", UHME Workshop on Validatlon of
lecompression Schedulss, Pethesda, Maryland, Tteks,
13=14, 1967

gardette, B. : "la décomgpression de plongses
profondes”, Zéme Congrés de la Sccléld Saisse de
Médecine Subammatique et Hyperbare, Marseille;
Seph. 2527, 1987,

—
%
—

deiarli, R. and lemaire, C. @ "Optimal use of
Cizen Tor long duration dives and decompressiong.
Effects on the lungs and on desaturation
thatract of the Bixth Symposium on Underwater
Faysiclogy, Sen Diem, July 610, 1975

Gardetts, B. and Lemaire, C. 1 "Variation de la
papacitd vitale en fonction de la quartits
Aeyaime inhalde i cours de la ddcompression,
Méd. Adro, Spat., Méd. Suh. Typ (1977 61, G660

—n

(8} Temaire, 0. : "étermination A tmm dhyperoxie
apceptabile pour les plonsfes au long cours par 1a
mogure de la capacitd vitale, Tgon Méditerranie
Médionl (10750, X1, n° 24

{9) Bloed, 0. and Holberg, A @ "inalysis of wvariables
underlying A Hawvy diving accidenta", lhdersea
Siomed. Res. (1965), 12 (3), Z51-350.

{10) 8hields, T.0. and Ies, W.B : "The incidence of
decompression sickness arlsing from commeroisl air
Aiving operations in the (LK. sector of the Nertn
San during 1952/, Reporl to the Department of
Tnergy 4% Robert Gordor's Institute of Technolagy,
14986,

{11} Imhert, 4.0 and Bontoux, M. @ 'Befely analyels of

the French 1974 air decompression tables, UHME

Workshop on Decompresaion in surfece-hessd diving,

Tekoyo, Seoh. 11-12, 19856,

241




DIVING DATA BANK - A UNIQUE TOOL FOR DIVING PROCEDURES DEVELOFMENT OTC 5707

(12) Vann, RI. : "o comprehensive strategy for {15 0.8, Wavy Diving Manual, Revision 1, Navy

1147 Hennesay,

gaturabion decompression with Nitrogen — Ongngen,
THMS Worksthop on Nitrox Saturation diving, Toronto
Jan. 89, 159685,

(13) Varn, RO, @ "Decompression bheary snd applica—

tion" in "The pyrsiclogy and medicine of diving
and compressed alr work", Frd Edition, RE
Bernnett & DH. BEllictt, Bailliere and Tindall,
Londan, 1982, 352-362,

T.H. "o review of BN zaturation
decompression profiles from depths in excess of
180 m, Beventn Anmual Congress of the Furopsan
Urderssa Blomedical Soclety, Cambridge, July 21-=
1931 .

(16)

Department, Washingbon D2 -20%62-, June 1585,
14.55-14.46.

Berghagzs, T.E @ "Decompression sickness during
soturation dives", Underses Ricmed. Res. (1976) 3,
{4) |38,

Fructua, ¥., Gardette, B., Carlios, M., Le Mire,
J., Trellu, Ho and Loce, T "lontrils des
décompressions de plongdes A lair en mer et en
caisaon par la ddtection ultre-sonore de bulles
circulantes”, Rapport final Conbrat Comes/THEXD,
n® 83/2507, 1965,

242




W AN M LYY DNV

[k o5 o4 of 113
. :.4.-.;.?-*._._._ B S
PRI
_h___mw

l ﬁ ¥ =40l

%08

A3IH3A0M 530

704 Jaqueyl Jedu goe WM sajEd jualse
WNjBINJES SASJas 33UA00U 530 © £ R4nbly

! : IS
(1] 1L43T LISHO SHOLANAR LS ) HLRdc A0¥I00E
DELuLLILGAlO0T B8 0 CE OO0 UL 06 45 OB S5 05 9% OF GR OB 43 a8 81 41 8

———— - - h
g u U

= oRl< 08T 041 ©31 GEL OFL DT 020 Q0L DD o6 OB 0L 09 05 OF L

_._l. ¥ § t

o

-l

o

el ]

| Comen TAATT ROLLY T AD dadny o
SHLIT LASHO SHOLAWAS 500 40 AN SHLAIN A9VE0LE mw.;aﬂwm_p?wuﬁﬁﬁq B
_._..mw_.—._um A0 NOLLOHBMLEID - 2 uw.ﬂ.ruw.m NOLIVHNLYS Jd0 NOILNEMLE1a = T 2InE1]




Figure 4 : FIEST SYMIPPIOMS ONSET REPTHS
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Figure b : RELATIONSHIP BETWEEN CIHAMBER PO2
AND SATURATION RATE OF ASCENT
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