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ABSTRACT

ARTICLE INFO

The diving chamber is an important system needed for diving operations in the oil and gas industry.
Divers use it for various purposes. Thus, the safety level of the diving chamber needs to be very high
at all times and the system needs to be in a good state. To achieve this, various control measures

Review article
Received 21 October 2019
Accepted 1 October 2020

such as control measures 1 and 2 can be adopted in preventing failures/hazards or mitigate their

consequences. In this study, fuzzy cost algorithm is used to estimate the cost of using control
measures 1 and 2 in ensuring optimal operational level for the diving chamber, while the preference
degree approach is adopted in prioritizing the aforementioned cost of control measures 1 and 2. The
result of the analysis indicated that control measure 2 is the most cost effective approach.
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1 Introduction

A diving chamber is utilized in diving operations. It is
made up of mechanical, electrical/electronics, structural
systems, and subsystems. The diving chamber serves as
a simpler form of submersible vessel that can be used to
transport divers underwater, thus providing a temporary
base for the diver and serves as a retrieval system too [1].
It is also used to create artificial undersea conditions for
divers to experience. In such situations, pressures above
normal atmospheric pressure are experienced by the
divers. The diving chamber is utilised in carrying high
pressure storage cylinders, communications, and emer-
gency equipment for divers. It is utilised as an underwater
base for surface supplied diving operations, giving room
for the divers’ umbilical (air supply, etc.) to be attached to
it.

Currently, two types of diving chambers such as open
diving chamber and hyperbaric chamber are used in the
industries [2]. The open diving chamber is unique because
it has an open bottom that automatically equalises inter-
nal air pressure and external water pressure with great

simplicity and can be used in the underwater environment
because of its characteristic such as internal air pressure
directly proportional to the underwater depth. A hyper-
baric chamber is a sealable pressure vessel with hatches
that can accommodate divers, compressed breathing gas,
thus providing oxygen to the divers [2]. It can be used in
underwater, at the water surface and, on land to produce
underwater pressures. A hyperbaric chamber can be
called a decompression or recompression chamber [3, 4].

A decompression chamber is utilized by divers to make
their surface decompression stops, while the recompres-
sion chamber, is employed for treatment or prevention of
decompression sickness [3, 4]. According to Zamboni et.
al. (1990) [1], a hyperbaric chamber is specifically used to
take divers that are brought up from underwater through
their decompression stops and treat decompression sick-
ness; to train divers on adaptation in hyperbaric condi-
tions, and performance assessment under pressure; to
treat people using raised oxygen pressure in hyperbaric
oxygen therapy; to treat people infected with gas gan-
grene and other conditions unrelated to diving; and for
scientific research in elevated gas pressures. The safety of
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the diving chamber is paramount for effective diving op-
erations. In view of this, the paper is structured as Section
2: Description of Safety of Diving Chamber; Section 3:
Fuzzy Cost Algorithm; Section 4: Prioritization of Fuzzy
Cost Estimates of Control Measures Conclusion; Section
5: Demonstration of Workability of Fuzzy Cost Algorithm
in Divng Chamber Control Measure Cost Modelling and
Section 6: Conclusions.

2 Description of Safety of Diving Chamber

Safe operation and maintenance of a diving chamber
are vital in the various offshore activities, they are en-
gaged in. To avoid accidents/hazards/failures when us-
ing the diving chamber, various hazards/failures need to
be identified. In view of this, hazards/failures associated
with the diving chamber are outlined as fire and explo-
sion, flooding, oxygen poisoning, chamber structural in-
tegrity failure, communication failure and power supply
failure using a brainstorming method. Brainstorming is
a technique for tapping the creative thinking of a team to
generate and clarify a list of ideas, problems, and issues
[5]. Fire and explosion occur in a diving chamber when
spark source is been experienced in the presence of oxy-
gen content of the chamber. Fire burns in the presence of
oxygen, fuel, and heat. The fuel can be the diver inside and
the heat can be any source of metal with such capability
to ignite the spark. Consequences can be revealed using
event tree analysis as evidenced in [6, 7, 8, 9]. Flooding
can occur when the chamber’s hatch is opened. This can
be disastrous as water flooding in will damage the equip-
ment, waste the pure oxygen inside, and can be harmful to
the diver who is just adapting to the underwater pressure.
Oxygen poisoning is experienced when too much of the
pure oxygen in the elevated pressure environment of the
chamber is inhaled by the inexperienced diver, thus result-
ing in severe health damages.

Chamber structural integrity failure is experienced as a
result of wrong material selection during the design stage
of the system. Once the steel composition of the chamber
is subjected to high internal pressure, the steel fails, which
can be catastrophic to the system or diver. Communication
failure is experienced when the walkie talkie use by ex-
perts passing information to the diver malfunctions. It can
be as a result of frequency jamming. This can lead to mis-
information of the true state of the diver. The relevance of
failure mode effect and criticality analysis can be utilized
in further investigation of such hazard. Failure mode, ef-
fect and criticality analysis methodology can be found in
various publications [5, 10, 11, 12, 13].

Power supply failure can occur due to the malfunction
of some of the electrical based appliances in the chamber.
The shortage of electricity supply when the chamber is be-
ing used will automatically lead to the stop of the flow of
oxygen into the chamber, which can result to exhale of car-
bon-dioxide by the diver. If air is not recirculated into the
chamber, the diver loses oxygen in the chamber and soon

suffocates. Detail causes of the power supply failure can be
investigated using the FTA method. FTA is carried out us-
ing a deductive analysis from the top event, which is the
undesired event followed by causal relationships of the
failures leading to that event [14]. To address these haz-
ards/failures, control mechanisms/measures need to be
developed and the most cost effective one identified using
the fuzzy cost algorithm. Notable researchers have utilized
such algorithm in addressing cost estimation problems
under certainties as evidenced in various publications [5,
15, 16, 17, 18, 19]. The insight provided in their work will
be adopted to address the subject under investigation.

3 Fuzzy Cost Algorithm

Fuzzy set theory is an algorithm and mathematical for-
malization that enables the representation of the degree
of membership of members in sets [15]. It utilizes linguis-
tic variables in solving cost estimation problems under
uncertainties. Fuzzy cost estimation of control measures
on an engineering system can be facilitated, using Tables
1 and 2. Suppose cost estimation for control measure is
denoted as C! in terms of cost expressions using Table 1.
Equation 1 can be used to demonstrate the membership
functions of the C'. Membership functions of C! can be esti-
mated using Table 1.

To map the fuzzy cost description onto utility expres-
sion in Table 2, the best-fit method is utilized. The best fit
method utilizes the distance between CII. and each of the

Table 1 Cost Expression Linguistic Variables and Associated
Fuzzy Memberships [5, 19].

Linguistic Variables Fuzzy Membership and
uL their Categories
Very high 000000751
(p,Verrhian) 1'2'3’4’5" 6 "7
High (9 0000751 0.25)
(o) 1'2'3'4" 5’6" 7
Moderately high 0000510250
(’uLModeratehigh) 1 ’ 2 ’ 3 ’ 4 ’ 5 ’ 6 ’ 7
Average (2,90510509)
(u,erese) 1'2"3'4° 567
Moderately low (9 02510500 9]
(’MLMuderatelaw) 1’ 2 3' 4 '5’ 6’7
Low [% 1075000 9)
(MLLGW) 1 ‘2‘ 3 ’4'5'6’7
Very low (107599200)
(’uLVerylnw) 1' 2 '3'4‘5'6’7
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Table 2 Utility Expression Linguistic Variables and Associated
Fuzzy Memberships [5, 19].

Linguistic Variables Fuzzy Membership and
M, their Categories

Slightly preferred 00,00,00751
Ulcslightlypreferred) 1' 234 5' 6 4 7
Moderately preferred 00,0,05,1 0250
(MCMudemtepreferred) 1’ 23 4 5’ 6 ’ 7
Preferred 0 0.25 1 LS 000
(‘ucPreferred) 1’ 2 '3' 4 '5’ 6’ 7
Greatly preferred [} 0.75,0,0,0 0 QJ
(“CGreatlypreferred) 1' 2 3 4 5' 6: 7

utility expressions in Table 2. The distance represents the
extent to which CI,- is confirmed to each of the defined util-
ity expressions [5, 15, 20, 21]. Equation 2, can be used to
obtain the aforementioned distance.

7 22
dill (Cil' Sllghtly preferred) = |:Z (/léf - ﬂsjlightb/preferredj j|

j=1
7 ' ‘ 2 1/2
dilz (Cil' mOderately preferred) = Z [:ué,l - lurjnodera[ely preferredj

J=1

(2)

L2
di[3 (Cil' preferred) = |:Z (/'(L]‘,’ - /lljweferred) j|
j=1

1/2
7 . . 2
di[4 (Cil' great[y preferred) = {Z (:ué} - ﬂglreatlypreferredj :|

Jj=1

Each df.j =(j=1, 2, 3,4) = an unscaled distance. In situ-
ation, di.j. = 0, values of membership functions of fuzzy cost
description C; = the jth utility expressions in Table 2. A} = (j
=1, 2, 3, 4) are the inverse of di.j as illustrated in Equation
3.

1
/2,.,=I,]=1,2,3,4 (3)
Ul

Each “éi- =(j=1, 2,3, 4) is the extent to which Ci. is con-
firmed to the jth defined utility expression. It is also the
normalisation ofAi.jas shown in Equation 4.

Jj=1,234 (4)

4
Z/Zf.n is the summation of Ai.j =(j=1,2,3,4) and must

=1
be gqual to one. Estimated cost expression for a control
measure under uncertainties can be revealed by mapping
the values of u’d = (j=1, 2, 3, 4) onto the utility spaces as
evidenced in Equation 5.

(ﬂ;, , “slightly preferred"),

U(Cj): (yz "moderateb/preferred"j, (5)

cl’

(,uél ) ”preferred"j, (u;‘, , “greatly preferred")

In Equation 5, the ,uld, uzd_, ,u3d and ,u‘zz are the degree of
beliefs to which control measure are described as “slightly
preferred’, “moderately preferred’, “preferred” and “greatly
preferred” respectively.

4 Prioritization of Fuzzy Cost Estimates of
Control Measures

Prioritization of control measures is important be-
cause it reveals which measure is cost effective over oth-
ers. To achieve this, the belief degrees associated with
the obtained utility description U(C!) are incorporated in
Equation 6 [15, 16,17, 18].

H,=0.217xpu +0.478xu’+ 0.739 x> + 1 xp +

(0_217+0_418+0.739+1j x[l—(/l,-l +ul o+ [1,-4))

(6)

where, H (i = 1 ... n) is the preference degree value for fuzzy
cost estimate for a control measure. A larger H, mean that
the cost estimate for a control measure is cheaper than
others and vice versa.

5 Demonstration of Workability of Fuzzy Cost
Algorithm in Diving Chamber Control Measure
Cost Modelling

The diving chamber contributes immensely in saving
the life of a diver after offshore operations, thus the safe-
ty needs to be at an optimal level during operations. To
achieve this, various control measures can be used in pre-
venting failures/hazards or mitigate their consequences.
To control common hazards/failures found in the availa-
ble literature, as evidenced in Sub-section 2, various con-
trol measures such as the control measures 1 and 2 have
been identified. The control measure 1 entails insulation
of equipment for heat prevention, supply of natural oxy-
gen to the diver and use of experts in opening of the hatch
of the diving chamber and in design, construction and
maintenance of diving chamber, while control measure 2
are insulation of equipment for heat prevention, supply of
natural oxygen to the diver and use of experts in opening
of the hatch of the diving chamber and in design, construc-
tion and maintenance of diving chamber, and regular in-
spection of diving chamber systems and sub-systems. Due
to the growing level of uncertainties, cost data for control
measures land 2 posed to be a challenge. To address this,
the fuzzy cost algorithm explained in Section 3 is logically
applied step by step.
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Using Table 1, linguistic terms for fuzzy cost estimates
for control measure 1 and control measure 2 are moder-
ately low and very low respectively. The associated fuzzy

cost values are C, = 9%10—5999 for control
1 2 3 4567

measure 1,and C, = {1,0'75,0,0,0,0,0}.
34567

Utilizing the best-fit method, the aforementioned
fuzzy values produced utility cost estimates of U(C,) = {(0,
“slightly preferred”), (0, “moderately preferred”), (1, “pre-
ferred”), (0, “greatly preferred”)} for control measure 1
and U(C,) = {(0, “slightly preferred”), (0, “moderately pre-
ferred”), (0, “preferred”), (1, “greatly preferred”)}for con-
trol measure 2. From the above description, it means that
stakeholders/owners of the saturation chamber 100%
“preferred” cost of control measure 1, and 100% “greatly
preferred” cost of control measure 2.

To verify the result above, preference degree values
associated with control measure 1 and control measure 2
are investigated using Equation 6. The belief degree val-
ues associated with the utility cost estimates of the con-
trol measure 1 and control measure 2 are incorporated in
Equation 6 as follows:

H, for control measure 1 =

=0.217x ) +0.478xpu] +0.739% ) +1x ;! +

; (0'217"0'418 +0'739+1] x(1-(uf + a2 + i + )

=0.217x0+0.478x0+0.739x1+1x 0+ 0.6085(1- (0+ 0

=0.739

H, for control measure 2 =

=0.217 xpy + 0.478 x a2 + 0.739x p13 +1x py +
jX(l—(ﬂi pd e p+ )

=0.217x0+0.478x0+ 0.739x1+1x1+
+0.6085(1-(0+0+0+1))

. (0.217+ 0.478+0.739+1
4

=1.739

Applying the principle of preference degree that states
any control measure associated with the large value is the
one with a cheaper cost, thus the most cost effective op-
tion. In view of this, control measure 2 is cheaper than
control measure 1 because it has a preference degree val-
ue of 1.739, thus rank as 1. Therefore, the utility cost de-
scription U(C,) = {(0, “slightly preferred”), (0, “moderately
preferred”), (1, “preferred”), (0, “greatly preferred”)} for
control measure 1 and U(C;,) = {(0, “slightly preferred”),
(0, “moderately preferred”), (0, “preferred”), (1, “greatly
preferred”) }or control measure 2 are acceptable because
they are in line with the prioritization.

6 Conclusions

The safety of the saturation chamber has been de-
scribed, and various ways of managing them revealed.
The cost implications of the control measures 1 and 2 that
can ensure optimal safety level of the saturation chamber
under uncertainties are estimated using a fuzzy cost algo-
rithm. In the study, control measure 2 is identified as the
most cost effective measure as evidenced by the prefer-
ence degree value of 1.739 as compare to that of control
measure 1 having a preference degree value of 0.739.
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