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Abstract: In this study, we optimize the loading and discharging
operations of the Liquefied Natural Gas (LNG) carrier. First, we
identify the required precautions for LNG carrier cargo operations.
Next, we prioritize these precautions using the analytic hierarchy
process (AHP) and experts’ judgments, in order to optimize the
operational loading and discharging exercises of the LNG carrier,
prevent system failure and human error, and reduce the risk of
marine accidents. Thus, the objective of our study is to increase the
level of safety during cargo operations.
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1 Introduction

The use of Liquefied Natural Gas (LNG) as a major
energy source has resulted in an increase in the demand for
LNG. In recent years, there has been a growing number of
LNG carriers transporting LNG to meet global demands.
LNG carriers are specialized vessels designed, constructed,
and equipped to carry cryogenic LNG stored at a
temperature of —162°C at atmospheric pressure (Moon et al.,
2009). While the carriers all have similar features, they
differ in their tank designs (Nwaoha et al., 2013). These
carriers can either have a membrane tank design, a structural
prismatic tank design, or a spherical (moss) tank design
(Nwaoha et al., 2013). Loading and discharging operations
of LNG carrier cargo at LNG terminals is more complex
than those of other vessels. The connection of loading arms,
pressurizing and purging of the arms, securing the vessel,
and checking the safeguard systems must be carried out
prior to loading and discharging at the LNG terminal. These
operations expose the involved personnel and environment
to various high-risk hazards. Knowledge about the LNG
carrier cargo-related precautions to be taken during loading
and discharging operations can optimize the outcome of
LNG carrier cargo operations and identify potential
high-risk hazards.
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Therefore, a viable qualitative and quantitative technique
is necessary for this type of research. The analytic hierarchy
process (AHP) has been demonstrated to be a useful
qualitative and quantitative multi-criteria decision-making
technique for application in various fields (Mishra et al.
2015; Socaciu et al. 2016; Singh and Nachtnebel, 2016;
Arslan, 2009; Cheng, 1997; Liu and Hai, 2005; Shang and
Sueyoshi, 1995; Takamura and Tone, 2003; Wang et al.
2008; Zhang and Cui, 1999; Rocha et al. 2016). Arslan
(2009) utilized the AHP technique in a quantitative
evaluation of the precautions used on chemical tanker
operations. Cheng (1997) adopted the AHP method in
combination with the fuzzy logic approach to evaluate a
naval factual missile system. Liu and Hai (2005) employed
the AHP method in their determination of the voting
weighting criteria in the selection of suppliers. Shang and
Sueyoshi (1995) used AHP methodology to quantify the
elusive benefits associated with a manufacturing company’s
cooperative and longterm objectives for a Flexible
Manufacturing System (FMS). Takamura and Tone (2003)
applied the AHP method to determine the weight criteria in a
site evaluation study for relocating the Japanese government
from Tokyo. Wang et al., (2008) incorporated the AHP
method in determining the weight of criteria for a risk
assessment of bridge structures. Zhang and Cui (1999)
employed AHP in the development of a project evaluation
system to determine a reasonable investment ratio in China.

Since the wusefulness of AHP has been clearly
demonstrated, we selected this method for use in this study.
We detail the precautions associated with LNG carrier cargo
operations in section 2, and describe the AHP methodology
in section 3. In section 4, we apply AHP in the prioritization
of the precautions of LNG carrier cargo operations, and in
section 5 we draw our conclusions.

2 LNG Carrier cargo operation precautions

Negligence with respect to taking necessary precautions
during LNG carrier cargo operations can result in adverse
consequences. The safety and optimization of the operation
must begin with a thorough understanding of the precautions
required in order to avoid hazards and system failures. In
this study, the necessary precautions to be taken by
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personnel involved in the LNG carrier cargo operations at
the LNG terminal are specified in the ship/shore safety
checklist, and are summarized as follows (ISGOTT, 2006):

e Berthing-related precautions: These are the actions
required to be taken as the vessel comes alongside the
terminal prior to cargo operations. They involve
securing the vessel mooring lines, ensuring that the
vessel is within an adequate distance in relation to the
terminal loading arms, providing a safe access between
the ship and terminal, and ensuring the ship-to-shore
safety checklist is reviewed and signed by both vessel
and shore representatives.

e Personnel and procedural precautions: These are the
procedural precautions required by both shore and ship
personnel before commencing LNG carrier cargo
operation. Shore and ship personnel must ensure that the
communication system is tested and understood, that the
Emergency Shutdown Device (ESD) test procedures
have been checked and are in place, and that the ship
and shore smoking regulations pertaining to the
operation are understood by all the personnel and a
notice is clearly displayed that is visible to all.

e Cargo equipment precautions: These are the precautions
necessary on the cargo equipment before operation
commences. This includes correctly setting the cargo
tank relief valve and gas detection equipment,
confirmation of the stoppage of any gas burning
operation, and ensuring the ship and shore loading arms
are fitted with filters.

e Procedural precautions during operation: These are the
precautions required when cargo operation commences,
including the inerting of the hold and inter-barrier
spaces, ventilating, and ensuring that all alarms are
working in the compressor room, and monitoring the
vessel shear forces, bending moment, and stability
conditions during operation.

® Precautions regarding probable emergency situations:
These are the precautions related to the readiness of the
ship and shore personnel in the event of any emergency.
They call for the presence of personnel onboard and
ashore to address any emergency situation and that all
emergency equipment is in position and ready for use.

In this study, we denote these precautions with the labels:

LNG PRE;, LNG PRE2 LNG PRE; LNG PRE; and LNG
PREs respectively. Other precautions relating to the LNG
carrier cargo operations that are linked to LNG PRE; LNG
PRE> LNG PRE3 LNG PREs and LNG PREs were identified
by LNG experts. The list and meaning of the precautions
associated with the LNG PRE; LNG PRE; LNG PRE3; LNG
PRE4 and LNG PRE;s are as follows:

e Berthing-related precautions, LNG PRE; includes LNG
PRE (is the ship securely moored), LNG PREi2 (is
there safe access between the ship and shore), LNG
PRE; (is the ship/shore safety checklist agreed upon
and signed), and LNG PRE4 (is the vessel in position
relative to shore loading).
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e Personnel and procedural precautions: LNG PRE:
includes LNG PRE21 (is the agreed ship/shore
commutation system operative), LNG PREx (are the
smoking regulations and agreed smoking area/notices
displayed), LNG PRE2; (is the ESD valve timing carried
out), and LNG PRE2 (confirmation of ship/shore ESD
test procedure and checks).

e Cargo equipment precautions, LNG PREs, includes
LNG PRE: (is the cargo tank relief valve set correctly),
LNG PREs: (is the gas detection equipment properly
set), PREs; (are filters fitted to the ship manifold and
shore loading arm), and LNG PREs4 (is the stoppage of
any gas burning operation confirmed).

e Procedural precautions during operation, LNG PREx,
include LNG PREu4; (are the hold and inter-barrier space
properly inerted), LNG PRE4: (is the compressor room
properly ventilated and alarm working), LNG PRE4s (is
the stability of the shear force and bending
moment/metacentric height (GM) during operation
maintained), and LNG PRE44 (is the agreed maximum
manifold pressure maintained).

e Precautions regarding probable emergency situations,
LNG PRE;s, include LNG PREs; (are there sufficient
personnel onboard and ashore to deal with an
emergency), LNG PREs; (is the ship emergency fire
control plan located externally), LNG PREs; (is there
provision for emergency escape), and LNG PREs4 (are
the fire hose and firefighting equipment onboard and
ashore in position and ready for immediate use).

3 Methodology

The safety record of LNG is associated with the technical
competence of the personnel and their operational
procedures (Hyde, 2006). The purpose of this research is to
prioritize the precautions being taken during LNG carrier
cargo operations to facilitate the identification of an
appropriate management tool that can increase the level of
operational safety. To this end, we propose an analytical tool
such as the AHP technique for the prioritization of the
precautions of LNG carrier cargo operations used to
improve cargo operation safety and prevent the occurrence
of accidents to personnel and the environment. The
methodology used in this research is outlined in Fig. 1.

The information flow in Fig. 1 begins with the
identification of precautions regarding the LNG carrier
cargo operations, followed by the grouping of these
precautions. The next step is to develop a hierarchical
structure of the precautions, followed by the pairwise
comparison of the precautions by expert judgement. If more
than one expert is used in the pairwise comparison exercise,
then their judgments are first combined and the weights of the
precautions then calculated. In situations involving just one
expert, no combination of judgements is needed prior to
calculating the weights of the precautions. The next step is to
check whether the weights of the precautions of the LNG
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carrier cargo operations are reasonable. If yes, the
precautions are prioritized, otherwise the weights of the
precautions are re-estimated before prioritization.

Analytic Hierarchy Process (AHP)

The AHP technique was developed by Satty (1980) to
address complex multi-criteria decision-making problems.
According to Wang et al. (2008), the AHP technique
involves the ranking of a complex multi-criteria
decision-making problem into a hierarchy, the provision of
judgments about the relative importance of each criterion in
the hierarchical structure by decision makers, determination
of the overall priority, and the ranking of each criterion. This
technique is based on the provision of judgments by a

‘ Identity precautions of LNG carrier cargo operations ‘

t

‘ Group the precautions of LNG carrier cargo operations ‘

Develop the hierarchical structure of the precautions of
LNG carrier cargo operations

I

Pairwise comparison of the precautions of LNG
carrier cargo operations using expert judgement

pairwise comparison of criterion (Anderson et al., 2015).

Procedures of the AHP methodology

The steps involved in the AHP methodology are described

as follows:

e Define the decision-making problem.

e Develop a hierarchical structure of the defined

decision-making problem.

e Using the pairwise comparison scale shown in Table 1,
carry out a pairwise comparison of each level of criteria in
the hierarchical structure of the defined decision-making

problem.

e Using Eq. (1), combine the decision makers’ judgements

in the pairwise comparison exercise.

e Using Eq. (2), develop the pairwise decision matrix.
e Calculate the weight of each criterion using Eq. (3).

Are the experts > 1?

Py

Combine their experts’ judgement

Calculate the weights of the precautions of LNG carrier
cargo operations the LNG carrier precautions

Are the weights of the precautions
of LNG carrier cargo operations
reasonable?

Prioritise the precautions of LNG carrier cargo
operations using their weights

Fig. 1 Research methodology

Table 1 Pairwise comparison scale for making judgments (Saaty, 1980)

Numerical Value Definition Description
. The level of importance of two LNG precautions is equal in LNG carrier cargo
1 Equal importance .
operations.
) Between moderate and equal The level of importance of two LNG precautions is between equal and
importance moderate importance in LNG carrier cargo operations.
. LNG precaution is slightly important than another LNG precaution in LNG
3 Moderate importance P gty ‘p . P
carrier cargo operations.
4 Between moderate and equal LNG precaution is between moderately and strongly more important than
importance another LNG precaution in LNG carrier cargo operations.
. LNG precaution is strongly favored/more important than another LNG
5 Strong importance . . .
precaution in LNG carrier cargo operations.
6 Between strong and very LNG precaution is between strongly and very strongly more important than
strong importance another LNG precaution in LNG carrier cargo operations.
. LNG precaution is very strongly more important than another LNG precaution
7 Very strong importance P v . &Y . P . P
in LNG carrier operations.
g Between very strong and LNG precaution is between strongly and very strongly more important than
extreme importance another LNG precaution in LNG carrier cargo operations.
. LNG precaution is extremely more important than another LNG precaution in
9 Extreme importance . .
LNG carrier cargo operations.
2,4,6,8 Intermediate values Intermediate values

1/2,1/3, 1/4, 1/5,
1/6, 1/7, 1/8, 1/9

Reciprocals

Indicates the dominance of the second LNG precaution as compared with the
first in LNG carrier cargo operations.
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Average numerical value rating:

n
Zaf
i=1

n

X = (1)

a; = each value estimated by decision makers/experts for
the same criterion.

n = total number of decision makers/experts involved in
the pairwise comparison exercise.

1 ap 4y
_ 1/a, 1 eay, 2
/a, 1/a, - 1

H = pairwise comparison n-by-n matrix.

The n-by-n matrix H serves as the quantified judgements
of decision makers/experts on pairs of the LNG precautions
Ai and A4;. In Eq. (2), two entry rules are utilized in the
definition of the entries a; (i,j=1,2...L). According to Riahi
et al. (2012), these rules are as follows:

Rule 1. If a;j = a, then a;i = 1/a, a # 0.

Rule 2. If 4; is judged to be of equal relative importance
as Aj, then a;; = a;=1.

n
_lz @
Wk = "
DY
a;

i=1

(k=1.23,...0) (3)

wir = weight of a specific LNG precaution &k in the
pairwise comparison matrix.

a; = entry of row 7 and column j in a comparison matrix
of order n.

n
Zaij = summation of the entries a; (i,j=1,2,...,L) in each

i=1

column j, of the pairwise comparison matrix.
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a,

n
Z%
i=1

matrix by the sum of all the entries in the corresponding
column ;.

= division of each entry a; (ij=1,2,...,L) of the

1) ay | . . .

—z —— |= establishment of the arithmetic mean of

n o Zaij
the entries a; (i,j=1,2,...,L) in each row i.

The benefit of adopting the AHP technique is the ability
to achieve consistency in the pairwise comparison exercise
conducted by the decision makers/experts by the use of a
consistency ratio (CR). If the value of the CR is less than or
equal to 0.1, a reasonable consistency is indicated in the
pairwise comparison of the judgment (Saaty, 1980).
However, there is no mathematical proof supporting the idea
that a CR value of less than or equal to 0.1 is the only
acceptable solution (Karahalios et al., 2011). In view of this,
Saaty suggested that the CR value could be near 0.2 when
any attempt to reduce this value does not necessarily
improve the judgement (Dadkhah and Zahedi, 1993; Wedley,
1993). Furthermore, it is difficult to achieve this value in
real world problem-solving, because of the different
opinions of the decision makers/experts (Karahalios et al.,
2011). The CR is defined as follows:

CI
CR: Rl 6]
where, CI = consistency index value and RI = random
index value.

The RI values are shown in Table 2, and the CI values can

be calculated using Eq. (5).

Table 2 Value of average RI versus matrix order (Saaty, 1980)

6 7 8 9 10

1.24 1.32 1.41 1.45 1.49

n 1 2 3 4
RI 0 0 0.58 0.90
A —n
C[=max (5)
n—1

where, n = matrix order and Amax= maximum weight value of
the n-by-n comparison matrix H.

n
L DMy
S
Wi

Ao = L——

‘max
n

4 Test case

In this sutdy, we used the AHP technique to address the
decision-making problems associated with the precautions
of LNG carrier cargo operations. It serves as both a
qualitative and quantitative method. The qualitative analysis

is based on the opinion of personnel with experience in the
study area and the data gathered is used to establish the basis
for further quantitative analysis (Sapsford and Jupp, 2006).
Since this study evaluates the precautions used on the LNG
carrier cargo during loading and unloading operations,
qualitative method are used to examine the experts’
judgment experiences relating to the individual precautions
of the LNG carrier cargo operations. As identified and
described in section 2, the hierarchical structure of the
precautions of the LNG carrier operations are illustrated in
Fig. 2, which is used to facilitate the estimation of the
weights of these precautions. The experts employed in this
study were a gas engineer (expert A), two LNG
superintendents (expert B and expert C), and a master
mariner (expert D) with a minimum of four years experience
in LNG carrier cargo operations.
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LNG carrier cargo operation
precaulions

LNG PRE, ‘ |LNG PRE, ‘LNG PRE3| ‘LNG PRE, ‘LNG PRES‘

~|LNG PRE,, {LNG PREH| {LNG PRE,, #LNG PRE,, 1LNG PRE,,
—ILNG PRE, | 1LNG PRE,, 1LNG PRE,| *II,NG PRE,, ‘ILNG PRE,|
~|LNG PRE,, {LNG PRE,, ‘ LNG PRE | ~|LNG PRE,, ~|LNG PRE,,
LinG PRE, | LN PRE, | g pri HUNG PRE, | LENG PRE,|

Fig. 2 Hierarchical structure of precautions of LNG carrier
cargo operations

The information flow in Fig. 2 begins with the
precautions of the LNG carrier cargo operations, which is
the first level of the hierarchical structure. The LNG carrier
cargo operation precautions consist of LNG PRE: LNG
PRE>, LNG PRE3 LNG PRE4 and LNG PREs at the second
level of the hierarchical structure. The third level of the
hierarchical structure includes LNG PREi;, LNG PRE,
LNG PRE3 and LNG PRE 4, which are associated with LNG

PRE:; LNG PRE2;, LNG PRE2, LNG PRE2;, and LNG
PRE»s which are associated with LNG PRE2; LNG PRE3i,
LNG PREs;, LNG PREs;, and LNG PREss, which are
associated with LNG PRE3; LNG PRE4i;, LNG PRE42, LNG
PRE4; and LNG PRE4s, which are associated with the LNG
PRE4; and LNG PREsi;, LNG PREs2, LNG PREs; and LNG
PREs4, which are associated with LNG PRE:s.

4.1 Gas engineer (Expert A) judgment

The decision results of expert A in making a pairwise
comparison judgment between the precautions of the LNG
carrier cargo operations are illustrated in Table 3. In the
table, LNG PRE has equal importance with LNG PRE: and
is moderately more important than LNG PRE;; LNG PRE4
is between moderately and strongly more important than
LNG PRE;; LNG PRE)is between moderately and strongly
more important than LNG PREs; LNG PRE; is between
moderately and strongly more important than LNG PRE;
LNG PRE4is moderately more important than LNG PRE;
LNG PRE: is between moderately and strongly more
important than LNG PREs; LNG PRE4is between equally
and moderately more important than LNG PRE3; LNG PRE;
is strongly more important than LNG PREs; and LNG PRE4
is between strongly and very strongly more important than
LNG PRE:.

Table 3 Pairwise comparison of LNG PRE;, LNG PREz, LNG PRE; LNG PREs and LNG PREs by Expert A

LNG precaution 98 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 LNG precaution
LNG PRE: X LNG PRE:
LNG PRE: X LNG PRE3
LNG PRE; X LNG PRE4
LNG PRE; X LNG PRE:s
LNG PREz X LNG PRE3
LNG PREz X LNG PRE4
LNG PRE:2 X LNG PRE:s
LNG PREs X LNG PRE4
LNG PREs X LNG PRE:s
LNG PRE4 X LNG PREs

Following Table 1, experts B, C, and D also carried out
pairwise comparisons of precautions LNG PRE{, LNG PRE:,
LNG PRE3;, LNG PRE4, and LNG PRE;s. Similarly, experts A,
B, C, and D carried out a pairwise comparison of
precautions including:
oLLNG PREi;, LNG PRE;, LNG PREi3, LNG PRE4 and
LNG PRE:s associated with LNG PRE:.

oLLNG PREz, LNG PREz, LNG PRE2;, LNG PREx and
LNG PRE3s associated with LNG PRE-.

o LNG PREs;, LNG PRE3;, LNG PREs;, LNG PRE3z4 and
LNG PRE;3s associated with LNG PREz3.

o LNG PRE4;, LNG PRE4, LNG PRE43;, LNG PRE4s and
LNG PREjss associated with LNG PRE..

o LNG PREsi;, LNG PREs2, LNG PREs;, LNG PREss and
LNG PRE;ss associated with LNG PRE:.

4.1.1 Pairwise comparison matrix

The determination of the weighting values of the
precautions of LNG carrier cargo operations can be
facilitated by the use of the average judgments of the experts’
pairwise comparison. We also used a pairwise comparison
matrix to facilitate the calculation of Amax and the CR values
in the expert judgment exercise. The matrix consists of rows
and columns of precautions, as shown in Table 4. The
average numerical rating of experts is entered into the row
and column of each precaution.

In the LNG PRE|-LNG PRE; pairwise comparison
exercise, Experts A and B estimated that LNG PRE; is
moderately more important (i.e., 3) than LNG PREs. Expert
C estimated that both are equally important (i.e., 1). Expert
D estimated that the LNG PRE: is between equally and
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moderately more important (i.e., 2). Therefore, we
calculated the LNG PRE;-LNG PRE; average numerical
rating as (3+3+1+2)/4 = 2.25, and inserted 2.25 into the row
LNG PRE: and column LNG PRE;in Table 4. This implies
that the LNG PRE;—LNG PRE| comparison has a reciprocity
of 2.25 i.e., 1/2.25, as evidenced in Table 4. We used this
same process to compute the other values in Table 4. Similar
pairwise comparison exercises were also used for the
precautions associated with LNG PRE:; LNG PRE; LNG
PRE; LNG PRE4, and LNG PREs, as shown in Figure 2.

Table 4 Pairwise comparison matrix for the precautions

LNG carrier

) LNG LNG LNG LNG LNG
operatlons
) PRE1 PRE: PRE; PREs+ PREs
precautions
LNG PRE, 1 1 2.25 172 4.67
LNG PRE2 1 1 1735 1/3.25 4
LNG PREs 17225 35 1 12 3.75
LNG PRE4 2 3.25 2.0 1 4.25
LNG PRE;s 1/4.67 1/4 1/3.75  1/4.25 1
SUM 4.658 9 5.81 2.55 17.67
(1 1 225 05 4.67
w, == +—+ + =0.235
LNGPRE 5 (4.66 9 581 2.55 17.67)

In a similar way, WINGPRE, > WLNGPRE, » WLNGPRE, and

WiNGPRE, WeTe calculated to be 0.145, 0.213, 0.353 and

0.054 respectively. The values of WINGPRE, * WLNGPRE,, *
WINGPRE,, > WINGPRE, > WLNGPRE, > WLNGPRE,, *
WINGPRE,; > WLNGPRE,, > WINGPRE, > "WLNGPRE,, °
WINGPRE,, > WLNGPRE,, > WLNGPRE, ° WLNGPRE, °
WinNGPRE,; > WLNGPRE,, > WLNGPRE,, > WLNGPRE,, °

WINGPRES, and WLNGPRE,, WeTe calculated in the same way

and have the values 0.179, 0.178, 0.322, 0.321, 0.451, 0.106,
0.194, 0.249, 0.233,0.399, 0.108, 0.260, 0.327, 0.245, 0.297,
0.131,0.474, 0.104, 0.145, and 0.277, respectively.

4.1.2 Calculation of CR values for LNG carrier cargo
operations precautions

The  WinGerE, » WLNGPRE, » WNGPRE, » WinGpre,  and

WINGPRE, values are reasonable if the CR value is less than

or equal to 0.2. The CR value is calculated as follows:

1 1 2.25
) 1 1 1/3.5
> wa, =0.235[1/2.25 |+0.145[3.5 |+0.213]1 +
= 2 3.25 2

1/4.67 1/4 1/3.75
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1/2 4.67 1.287
1/3.25 4 0.764
0.353(1/2 +0.054|3.75 | =|1.202
1 4.25 1.948
1/4.25 1 0.280
n Zwkakj
z k=1
=
‘max n
1.287 0.764 1202 1948 0.28
+ + + +
0.235 0.145 0.2513 0353 0.054 _5 475
Cl= 5429-n
n-—1
n =5, because the number of criteria is 5.
Therefore, Cl= w =0.106
CR:g _ 0.106
RI RI

1.12 is the RI value because the number of criteria () is 5,
and 5 has a corresponding RI number of 1.12, as evidenced
in Table 2.

Therefore, CR = % =0.095

The value of CR is less than 0.2, therefore the

WINGPRE, > WLNGPRE, » WLNGPRE, » WiNGPRE, A0 WinGpRE,

values are acceptable and can be adopted in the
prioritization exercise of the precautions of the LNG carrier
cargo operations.

In a similar way, the CR values associated with

( Wingere, > WINGPRE, > WINGPRE, ° WLNGPRE, )
( WinGPRE, > WINGPRE, * WINGPRE, > WINGPRE, )
( WinGPRE,  WINGPRE, » WINGPREy > WLNGPRE, )

( WinGPRE,, » WINGPRE,, > WLNGPRE, > WiNGPRE, ) and

WINGPRE;; > WLNGPRE, ) &€

0.152, 0.018, 0.071,-0.006 and 0.066, respectively. Since

the CR values are less than 0.2, the weights are acceptable
and can be used in the prioritisation exercise.

( WinGPRE;, » WLNGPRE,

4.1.3 Prioritization of the precautions of LNG carrier cargo
operations
The identified weights of all the precautions of the LNG
carrier cargo operations in sub-section 4.1.1 can then be
used to prioritize them in order to optimize the system cargo
operations and reduce risk of accidents/system failure. We
prioritized the precautions as follows:

® WinGprE, ~ WINGPRE, ~ WINGPRE, ~ WLNGPRE, ~
WNGPRE ; - This means that LNG PRE4requires more

attention than LNG PRE;; LNG PRE, requires more
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attention than LNG PRE;; LNG PRE; requires more
attention than LNG PRE>; and LNG PRE: requires more
attention than LNG PRE:.

® WiNGPRE,; ~ WINGPRE,, ~ WINGPRE,, ~ WLNGPRE,, - 1DiS

means that for precautions associated with the LNG
PRE:, LNG PREi; requires more attention than LNG
PRE1s; LNG PREis requires more attention than LNG
PRE1; and LNG PREq requires more attention than
LNG PRE.

® Wi NGPRE,, ~ WINGPRE,, ~ WINGPRE,, ~ WLNGPRE,, - 1DiS

means that for precautions associated with LNG PREz,
LNG PRE2i requires more attention than LNG PREz4;
LNG PREz4 requires more attention than LNG PREzs;
and LNG PRE2; requires more attention than LNG
PRE2.

® WiNGPRE;, ~ WINGPRE,, ~ WINGPRE,, ~ WLNGPRE,, - 1DiS

means that for precautions associated with LNG PRE;,
LNG PRE3;2 requires more attention than LNG PREa4;
LNG PRE;4 requires more attention than LNG PRE;i;
and LNG PREs1 requires more attention than LNG
PREz;.

® WiNGPRE,, ~ WLNGPRE,, ~ WLNGPRE,, ~ WLNGPRE,, - LD

means that for precautions associated with LNG PREs,
LNG PRE4; requires more attention than LNG PRE4s;
LNG PRE4; requires more attention than LNG PREu4;
and LNG PRE4s requires more attention than LNG
PRE44.

® WiNGPRE 5, ~ WINGPRE;, ~ WLNGPREy;, ~ WLNGPRE s, -

This means that for precautions associated with LNG
PREs, LNG PREs requires more attention than LNG
PREss; LNG PREss requires more attention than LNG
PREs3;; and LNG PREs; requires more attention than
LNG PREso.

Therefore, for the optimal and successful discharging and
loading operations of a LNG carrier cargo, LNG precautions
should be given attention in the order of importance
described above.

5 Conclusions

Based on its application in previous studies, the
mechanism of the AHP technique has been shown to be
appropriate for incorporation into the prioritization exercise
for the precautions of LNG carrier cargo operations. Using
the AHP technique can help to optimize LNG carrier cargo
operations and reduce the risk of system failure or any form
of marine accident. In this study, we carried out pairwise
comparison exercises for LNG PRE;, LNG PRE2, LNG PRE;,
LNG PRE4, and LNG PREs; LNG PRE11, LNG PRE12, LNG
PREi; and LNG PREi4; LNG PREz;, LNG PREz, LNG
PRE2; and LNG PREz; LNG PREs;, LNG PREs, LNG
PREs; and LNG PREss; LNG PRE4;, LNG PRE4+, LNG
PRE4s; and LNG PRE44; and finally on LNG PREs;, LNG
PREs>, LNG PREs; and LNG PREss so as to facilitate the

estimation of their weight values. We then used their weight
values to determine which precautions require more attention
than others.

The pairwise comparison exercise of LNG PRE|-LNG
PREs revealed that LNG PRE4 requires more attention than
others, while LNG PREs requires less attention than others.
The study results also identified LNG PRE3, LNG PREz,
LNG PRE32, LNG PRE41 and LNG PREs) as the precautions
requiring more attention of the LNG PRE11—LNG PREu,
LNG PRE2i-LNG PRE2s, LNG PRE;1-LNG PRE;s, LNG
PRE41-LNG PRE4x, and LNG PREsi—LNGss groups,
respectively. Furthermore, LNG PREi2, LNG PREx», LNG
PRE33, LNG PRE44, and LNG PREs: are the precautions that
require less attention. This research technique can be adopted
by oil and gas companies in their decision-making processes
with respect to the loading and discharging operations of
LNG carrier cargo.
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