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Performance evaluation of Health, Safety and Environment (HSE) in large petroleum corporation is an
indispensable way of strengthening safety management and promoting continuous improvement. It is
also a tool for petroleum enterprises to measure their HSE performance levels. As HSE has been applied
in petrochemical fields for decades, it is always time-consuming to assess HSE performance because there
are so many evaluation indicators. In order to evaluate HSE performance efficiently, Spearman's correla-
tion coefficient method is applied to identify the key HSE performance factors based on historical data for
the first time. Besides, conventional scoring method is too cursory and arbitrary by simply grading
according to total scores of all indicators. An improved fuzzy comprehensive evaluation method is pro-
posed to address this problem, as well as improve the predictability of HSE performance trends based
on dynamic fuzzy theory. Finally, the HSE performance evaluation of gas transmission field is chosen
as a case to illustrate the effectiveness of the method and a comparison with traditional fuzzy compre-
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hensive evaluation method is made.
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1. Introduction

Health, Safety and Environment, usually referred to as HSE, is a
systematic and integrative management system developed in the
1980s. In the petrochemical industries, it aims to assure safe
production, reduce risks, prevent accrdents and achieve sustamabl
development ( ¢ n S r Authority ! . 10). The
principal of HSE is now well 1ecogmzed in rnost petrochemrcal
plants for its good performance (!« : ). Since Interna-
tional Organization for Standardrzatron (ISO) began working on the
formulation and development of HSE standards and systems,
mcludrng [SO-9000 (:50 i), 18014001 (iSO 96

), etc., HSE implementation has been prioritized either by both
government and companies. For example, Norway’s government
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emphasized the importance of HSE in petroleum industries. Also

- Chinese government promulgated some HSE standards (e.g. GB/T

24001-1996, GB/T 28001-2001, Q/SY1002.1-2007, Q/SY1002.2-
2008, etc.) to enforce health, safety and environment management
in high risk industries (1. ). Especially in process industries
like petrochemical companies, health, safety and environment
are of prime importance. For example, Chinese major petroleum
enterprises have implemented HSE management system and
emphasize HSE management as an important part of enterprise
safety management (* ). In some European Union
(EU) member states, HSE management programs have also been
developed to improve their safety performance (/i
J(05). All these studies and applications have proved that HSE
system is an effective tool to enforce safety management.
Initially, most efforts were put on developrng or 1mprovmg HSE
standards and guidelines (7 !
/7). Nowadays, more attention has been glven to the perfor—
mance measurement methods of HSE effectiveness (A
= O tal. +). In spite of these efforts whrch have
been put on HSE performance management systems; there has not
been any agreed standard tool for HSE performance measurement
is available (1 mmadfam et *).One
of the most used methods to evaluate HSE performance is mdexmg
method, which quantifies HSE- indices with defined criteria
: ). This is also called normative method.
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Conventional normative methods are to grade a company’s HSE
performance by adding scores of all HSE indicators. However, with
the widespread attention and use of HSE performance assessment,
issues begin to emerge.

(1) There are so many HSE performance indicators which are
defined by experts (e.g. 28 indicators were defined in China
National Petroleum Corporation). It requires much more
resources to evaluate each fixed indicator without identify-
ing key performance variables. Besides, according to the Par-
eto principle, also called the 80/20 rule, only 20% elements
have significant impacts on HSE performance compared
with the other 80% elements. For example,

© . selected 20 key performance indicators from 109
pro-active safety performance indicators with Analytic Hier-
archy Process (AHP) to measure OSHMS (Occupational
Safety and Health Management System) operational perfor-
mance. Therefore, it is of vital importance to develop meth-
ods to identify essential performance indicators. Fortunately
with the data collected from the past several decades, this
issue can be addressed with statistical methods.

(2) Conventional HSE performance evaluation result is a specific
value or rank. If an evaluation result is close to the boundary
of two levels, for example the value is 0.49 (assuming that
value less than 0.5 is at a bad level and more than 0.5 at a
good level), it is too absolute and arbitrary if we conclude
it at a bad level. Many fuzzy related methods have been pro—
posed to address boundary issues (Hsiaw anc :

). Fuzzy comprehensxve eval
uation FCE) is one of them, Wthh use membership to rep-
resent HSE performance level (. . 2018).

(3) Determining performance level is not enough to measure HSE
performance thoroughly and fairly. Imagine two company’s
HSE performances are both at good level, but one has the incli-
nation toward a higher level while the other toward a lower
level. Can we simply conclude that they are in the same level?
Apparently the answer is no. In this paper, HSE performance
level membership and development tendency will be
obtained by introducing dynamic fuzzy set theory into tradi-
tional fuzzy comprehensive evaluation (FCE).

With more and more data being available, statistical methods
could play a vital role in HSE performance evaluation. Spearman’s
rank correlation coefficient will be used to identify key perfor-
mance indicators based on statistical data in this paper. It should
be noted that indicators of HSE performance system are diverse
since different countries or different enterprises can design their
own criteria based on their understandmg and requlrements of
HSE (Mahdavir id et al. 20

2014; Kongs G). Ithough the HSE criteria proto—
type used in thls research is from China National Petroleum Corpo-
ration (CNPC), and the method proposed in this research is
illustrated by HSE performance evaluation of CNPC, we believe that
it will be also helpful for other petroleumn companies to improve
their HSE performance evaluation.

2. Methodology
2.1. Spearman’s rank correlation coefficient
In order to identify key performance affecting factors which

contribute significantly to HSE performance, Spearman’s rank
correlation coefficient (- ) is used to measure the

correlations between HSE affecting factors and HSE performance
based on statistical data. A brief description of calculation steps
is as follows:

(1) Choose a sample of historical data as observations. To con-
duct Spearman’s rank correlation, there must be two sets of
variables. In this research, the data is N = 10 pairs of HSE affect-
ing factors’ scores and HSE performance scores, which will be
explained in later section.

(2) Replace the raw data by their ranks. For each pair of HSE
affecting factors’ scores and HSE performance scores, affecting
factors’ scores are ranked and marked as X;.X5.X5..... Xn. For
HSE performance scores, the ranks are represented by
Y1, Y5, Y3, ....Yy. The ranks should be in order from small to
large.

(3) Calculate correlation coefficient R, with the following
formula:

N 2
L » .4 i
N(N> - 1)

where d; represents the difference between X and Y. As mentioned
above, N =10 in our case. For each pair of HSE affecting factor’ score
X and HSE performance score Y, d; can be obtained. For example,
d] = Y] *X], dz = Yz 7X2, d3 = Y3 7X3, ete.
(4) Check the distribution table for the critical value of correla-
tion coefficient R provided by - . Part of the table is
provided in . ". These two sets of variables are correl-
ative if Ry > R. In this research it means that this factor is the
key HSE performance affecting factor. Repeat step 2 to step 4
for every affecting factor, then all key performance factors can
be chosen.

2.2. Dynamic fuzzy comprehensive evaluation (DFCE) method

The conventional FCE is improved by introducing dynamic
fuzzy sets (DES) theory to obtain a dynamic result. The basic prin-
ciple of DFS is that for any variable x, it can be represented as
x = (x,x). [n other words, any variable can be xepresented asavec-
tor set. For dynamxc membershlp function (x(u} x(u)), define a
mapping (u. w)—(x(u). x(1)) (x(u) € [0, 1], x(u) € [0.1]) to repre-
sent the membership degree of (u,u) for (x.x). The membership
degree is higher if (x(u), x(u)) is closer to (1, 1). Apparently, DFS
can not only solve the boundary problem by membership but also
reflect tendency by vector. Based on these definition, a dynamic
fuzzy comprehensive evaluation method is established. The proce-
dures are as follows:

(1) Determine key performance affecting factor set
U= {ui.uy,...,un}, where u; represents each key performance
factor obtained in Section ..

(2) Determine dynamic evaluation set V={(z;.2),
(V2,02).- .. (1, V), .., (Um, Um)}, where ; represents possible
evaluatlon result of the evaluation objects. For example, if the
fuzzy language wused to describe evaluation result is
“bad, good, very good”, then the dynamic _evaluation  set
should be expressed as “(bad, bad), (good, good), (very good,
very good)”, where good represents “in good state with ten-
dency to be bad”.

(3) Determine dynamic fuzzy relation matrix. Fuzzy relation
matrix is used to describe the membership degree of every
affecting factor to every possible evaluation result. For u,

its membership degree to v; is 1y (0<r;<1). Then the
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Fig. 1. Model of dynamic fuzzy comprehensive HSE performance evaluation.

membership degrees of u; for the whole dynamic evaluation set
can be described as:

Ri=((ra. 1) (T2 To)e oo (T3 T+ (Tim. Tam)),
N0 (2)

Correspondingly, for all of the n affecting factors, the dynamic
fuzzy relation matrix R can be represented as:

[ra—an ™) (e .r27) (riy=,ryi7) (Fim =T ™) ]
(ra ™ rn ™) (2™ ,127) (T~ T27) (Fom™.Tom )
R= « . .
(rn" T ") (2" T2 ") (ry ,ri ") (Tim* 5 Tim )
_(rnl%arnlﬂ) (r112_-,rn2—) (rnj¥~,rnj%) (rnmgfnmﬁ)_
(3)

(4) Determine dynamic factor weight set. A factor weight set is
composed of weights of key affecting factors for evaluation
object. Usually it is determined by experts’ experience and
knowledge. A static factor weight set can be described as
A={wiwy, . ... Wi, ..., W}, where w; is called the weight of
affecting factor u;. Then the dynamic factor weight set is:

W = {(W1,W1), (W2, W2),..., (Wi Wy, .., (Wn, W)} (4)

(5) Obtain dynamic performance distribution set. It can be
obtained by combining both dynamic fuzzy relation matrix
and dynamic factor weight set and described as:

B=WoR= {(wlwl)(wng)(wlwl) ..... (W,,.Wn)}o

[ra=.rm™) (M= ™) - (™) o (T Tim )]
(ran ™. r17) (T2 T2 ™) 0 (Ty™ry™) o+ (Tam™.Tam™)
(rn—.ra™) (2™.T2") (= r57) (Fim ™+ Tim ™)

) (rnZ' dm ) (rnj‘ -rnj ) (rnm' Tnm ')_

-(rrﬂ T

(5)

where b; represents the membership degree of evaluation object to
evaluation classification z;. W is the dynamic factor weight set
obtained in Eq. “; and R is the dynamic fuzzy relation matrix
obtained in Eq. : “}. The performance distribution set of evaluation
object can be synthesized by operator “o”. The symbol “o” repre-
sents fuzzy composition between weighted dynamic fuzzy relation
matrix R and dynamic factor weight set W. In this research M(A,V)
model (7 9575) is chosen for its simplicity and valid applica-
tion in HSE performance evaluation. It provides dominant-factor
analysis in order to select those values with a larger effect (.

i 20115), See Eq.

d=12..nmj=12.....m (6)

-

bj = (W,‘ N r,j\)

i=1

where “A" indicates that the smaller values are chosen from w; and ry;.
“v” aims to obtain the maximum value from the smaller values.
Finally, normalization is conducted to b, for an intuitive result, see

Eq. /.
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Table 1

HSE performance indicators defined in Standard (adapted from 3 ).
No. HSE performance indicators Score Code No. HSE performance indicators Score Code
1 Leadership and Commitment 160 e 15 HSE Management of Contractor and Suppliers 90 ms
2 Health, Safety and Environment Mission 100 na 16  Customers and Products 30 Ny
3 Hazard Identification, Risk Assessment and Determining Controls 150  ns 17  Community and Public Relations 40 n7
4 Legal and Other Requirements 40 N4 18  Permit to Work 100 g
5 Objectives and Targets 90 ns 19  Operational Control 360 nyg
6 Management Programs 40 ng 20 Management of Change 60 Moo
7 Organization Approach, Obligations 90 ny 21 Emergency Preparedness and Response 90 Ny
8 Superintendent Representatives 30 ng 22 Performance Measurement and Monitoring 100 nyp
9 Resources 70 ng 23 Evaluation of Compliance 40 N23
10 Competence, Training and Awareness 120 mp 24 Non-Conformance, Corrective and Preventive Action 80 24
11 Communication and Consultation 70 Ny, 25 Incident/Accident Report, Investigation and Management 80 N2s
12 Documentation 50 nyy 26  Control of Records 50 e
13 Control of Documents 40 Ny3 27 Internal HSE Audit 100 nyy
14 Integrity of Facilities 130 g 28 Management Review 120 nog

" (El-b;% (I‘Jzibé). L (bjabj\, AAAAA (f‘)m«b;’n) - 3.2. Key performance indicators identification

oThi

where 3" 7'b; is the sum of all membership degrees.
Therefore, the flowchart of the proposed method is shown in

The first step is to determine inputs, which consist of fuzzy rela-
tion matrix R, evaluation result set V and key factor weight set W.
All of these inputs are characterized with dynamic performance, as
stated above. Generally, the evaluation result set V and key factor
weight set W are defined in HSE performance assessment standard
established by HSE department of a petroleum company. And the
fuzzy relation matrix R is determined by expert’s judgment on
every affecting factor of HSE performance. Specifically, affecting
factors of HSE performance can be obtained by Spearman’s correla-
tion coefficient analysis of historical data, which constitute key
affecting factor set U. After confirming R, V, and W, fuzzy composite
model M(A,V) is used to obtain memberships to HSE performance
levels.

3. Case of a petroleum enterprise
3.1. Case introduction

The case and data used are from China National Petroleum Cor-
poration (CNPC). In 2009, Research Institute of Safety & Environ-
ment Technology of CNPC released criteria named HSE system
performance evaluation standard (Standard for short). It defined 28
HSE performance affecting factors and quantified their weights
( i, 2013), shown in Taf

Table 2
Spearman’s rank correlation coefficient calculation of indicator n;,

Generally, HSE performance is scored by experts grading
method. The data used in this case is from historical HSE perfor-
mance factors’ scores of a gas transportation field in CNPC. The
total 10 sets of data are shown in i Parameters
N;.Ny,....Nyo represent previous HSE performance evaluation
results. Parameters ny, na,...,nys represent HSE performance fac-
tor respectively. W represents the overall score of HSE perfor-
mance. Take factor n; as an example to illustrate the
computational process. Replace the raw data n; and W by their
ranks X; and Y;, as shown in the fourth and fifth columns of
Then the difference between X; and Y; can be determined as d;, as
shown in the six column of ' .1~ 2. Calculate Spearman’s rank cor-
relation coefficient according to Eq.

According to Zar’s table, the critical value is 0.564 when N = 10
and « = 00.05. The correlation between n; and HSE overall perfor-
mance is 0.67, which means that their relevance is high. Thus n,
can be selected as key HSE performance indicator. Similarly, other
factors’ coefficients of correlation can be obtained. Spearman’s cor-
relation coefficients of all affecting factors are summarized in

o (L According to ", it can be concluded that
key HSE performance indicators are n; (Leadership and Commit-
ment), n, (Health, Safety and Environment Mission), n;o (Compe-
tence, Training and Awareness), ny3 (Control of Documents), n;s
(HSE Management of Contractor and Suppliers), and nys (Inci-
dent/Accident Report, Investigation and Management).

3.3. Dynamic fuzzy comprehensive evaluation of HSE performance

Based on the results in Section .7, six key performance
indicators are identified and then the affecting factor set can be

Ten groups Previous evaluation results of Sum of all indicators’ scores Ranks of scores of n; Ranks of scores of W d? = (v; — X;)? Correlation
(N=10) indicator ny w (X)) (Y coefficient
N, 75 1340 3 2 1 Rs = 0.67
N, 82 1326 4 1 9

N 98 1437 8 6 4

Ny 90 1346 6 3 9

N5 67 1414 1 5 16

Neg 71 1397 2 4 4

N7 88 1513 5 8 9

Ng 96 1472 7 7 0

Neg 101 159 10 9 1

Nig 99 1606 g 10 1
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Table 3
Key performance indicator weights.

Code Key performance factor Score Weight

Uy Leadership and Commitment 160 027

u,  Health, Safety and Environment Mission 100 0.17

us  Competence, Training and Awareness 120 020

uy  Control of Document) 40 0.07

us  HSE Management of Contractor and Suppliers 90 0.15

us  Incident/Accident Report, Investigation and Management 80  0.14
represented as U = {uy.uy...., ug}. The possible evaluation results

are defined in Standard, which is {startup level(v;), foundation
level(v,), good level(vs). excellent level(v,). exceptional level(vs)}.

So the corresponding dynamic evaluation set can be expressed
as
V= {(11.01), (V2. V2). (V3. V3). (Va. V4). (V5. Us) )} (8)
where “—" represents positive trend and “~" represents negative
trend. For example, v, = excellent Ievel means that the HSE
performance is in excellent level but its trend is undesirable.

The factor weights are determined by scores defined in
Standard. Take For the weight of u; for example to illustrate its
computational process.

= 160/(160 + 100 + 120 + 40 + 90 + 80) = 0.27 (9)

- shows the scores of six key performance factors and
their weights.

Then the dynamic factor weight set can be expressed as

W = {(wy. Wy). (Wa. Wa)..... (We. Wg)}

- {(0:27.0.27).(0.17.0.17).(0.20. 0.20). (0.07.0.07).(0.15.0.15).(0.14. 0.14)}
(10)

For every key factor, its performance level is determined by
experts’ voting. There are seven experts whose weights are differ-
ent according to their knowledge and experience (for more details
about variables defined in FCE, see ( -)). Voting results
and experts’ weights are listed in

Then determine membership degree of every key factor to
every evaluation result classification according to statistical
results. Take u; as an example to illustrate the calculation
process of dynamic fuzzy relation set. In the second row of

, statistical results show that both expert 6 (weight:

0.1) and expert 7 (weight: 0.1) assigned v, for u;. Then the
fuzzy membership of u; for evaluation level set (1727172) can
be calculated as (ri2.712) = (0.0.1+0.1) = (0,0.2). With the
same principle, u;’s dynamic fuzzy relation set can be calcu-
lated as:

81

Ri = {{ru.m) (T2.T12). (/'TBJ’Ts)A (T1aT14). (F15. ris))

={(0,0).(0.0.2).(0.35.0.15).(0.1,0.2). (0.0)} (11)

Similarly, the rest five factors’ dynamic fuzzy relation sets can
be obtained. The dynamic fuzzy relation matrix is shown as
follows:

[ra=rn ™) (M ™) (T ™) (Fe™.rs™) (Ms™.rs7)
(ra1™.T1™) (F2 ™. T227) (Ta3™ .Ta3™) (Faa™.T247) (Fas™.T2s™)
R (r317.r317) (F2”.T327) (F337.T337) (P34 .Tag ™) (I35~ .T357)
(Tar' Ta1 ) (Ta2" Taz 7)) (Ta3" T4z ') (Taa” Tas ') (Tas' .Tas ')
(rs1™.Ts17) (Fs2™.Ts2™) (Is3™.Ts3™) (Tsa™.Ts47) (Tss™.Tss™)
L(re1™.T617) (Te2™-Te2 ™) (Te3™-Te3™) (Tea™.Tea™) (Tes.Te5™)
r0~ 0) (0-.027) (0357.0.157) (0.1-.0.27) (0~.07)
(07,07) (0.17,0.357) (07.027) (0.257,0.17) (07.07)
B (0°,0) (00.025") (04 ,025) (0.1 .09 (0.0
~1(07.07) (027.0.157) (0.17.027) (0257.0.17) (07.07)
(07.07) (0.257,07) (0.357.0.27) (07.027) (07.0M)
[(0-.07) (07.0357) (0257.0.17) (0.17,0.17) (0.1 ow

12)

Based on R and W, dynamic performance distribution set B can
be determined according to Eq.

B=WoR={(w;.w).(W2.W2)......(Ws.We) o

= {(0.07.0.07).(0.14.0.15).(0.1.0.14). (0.14.0.1).(007.0.07)}

After normalization,

[(r™ ™) (Me™. ™) (M. ™) (M7 re™) (Ms™.rs™)
(r217.117) (T227.T227) (T3 .T23™) (1247 .Taq™) (r25™.Ta5™)
(r3v .r31 ) (r32' .rs2 ) (Tas’ T3z ) (734 .T3a ) ( T35 )
(rar™ Tar ™) (Fa2™ Taz™) (a3~ .Ta3™) (Taa™.Tag™) (Tas™.Tas™)
(rs1™.Ts17) (527 .Tsa™) (Fs3™.Ts3™ ) (Tsa™.Tsa™) (T5: Ts57)
L(rer .Te1 *) (Te2" -Te2 ') (763" Tes ') (Tea” .Tea ) (Tes' .Tes )
={(0.27.0.27).(0.17.0.17).(0.20.0.20).(0.07.0.07).(0.15.0.15).(0.14.0.14) }o
(0.0 (0.02) (035 .015) (0.1 .02 ) (0 .0)
(0 .07 (0.1 035 ) (0 .02 (025 .01 (0.0
(0,09 (0.0257) (04 .025°7 (0.1 .07 (0.0°
(07.07) (027.0.157) (0.17,027) (0.257.0.17) (0-.07)
(0-.07) (0.257.07) (0.35‘0.2*) ©0=.027) (07.07)
L(O .0) (0.0357) (025 .017) (0.1 .01 ) (0.1 ,0)
0

(13)

(0.07.0.07).(0.14.0.15),(0.1,0.14), (0.14.0.1). (0.07.0.07)

g {0.07 +007+014+015+01+014+014+0.1+0.07+ 0.07}

= {(0.067.0.067). (0.134.0.143).(0.095.0.134), (0.134.0.095). (0.067.0.067)}

A histogram is drawn according to results, shown in

(14)

.. For

every evaluation classification, there are three columns. The blue,

Table 4
Voting results and experts’ weights.
Code Key performance factor Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Expert 6 Expert 7
Uy Leadership and Commitment V3 Va U3 Vs vy v, v,
Uy Health, Safety and Environment Mission Vs Vs v, vy vy vy vy
us Competence, Training and Awareness vy V3 Vs V3 V3 vy vy
Ug Control of Document s P Vs Va V3 U3 V3
us HSE Manageiment of Contractor and Suppliers v Vs P V3 U3 U3 vy
Ug Incident/Accident Report, Investigation and Management 73 P vy U3 V4 Va Vs
Expert’s weight 0.25 0.20 0.15 0.10 0.10 0.10 0.10
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Fig. 2. Histogram of HSE performance dynamic fuzzy evaluation.

red, and green columns respectively represent membership with
negative tendency, membership with positive tendency, and the
total membership for certain level.

As mentioned at the beginning of this paper, only the value is
not enough to depict this gas transportation field’s HSE perfor-
mance. With regard to each level, tendency can be predicted by
comparing membership with negative tendency and that with pos-
itive tendency. For startup and exceptional level, the overall mem-
bership is low and no tendency can be judged. So we can exclude
the possibility of HSE performance being at startup or exceptional
level. Although the membership at excellent level is a little high,
the negative membership is larger than positive membership. So
it is unreasonable to conclude HSE performance at this level. For
foundation and good level, the total memberships are high and
both of them are with positive tendency. We can roughly declare
that the overall level of this gas transportation field’s HSE perfor-
mance is at foundation level according to maximum membership
principle. Further, the positive tendency membership is higher
than negative tendency membership, which means that the com-
pany’s HSE performance is getting better from the perspective of
dynamic analysis.

4. Comparison analysis

Traditionally, the HSE performance is determined only by mem-
bership without considering tendency. For comparison, the tradi-
tional static FCE method is applied to this case. Like the
improved DFCE method, all the procedures of traditional FCE are
similar except that all variables are static. For simplicity, only some
~ key steps are shown here. The dynamic fuzzy relation matrix R is
represented as:

i T2 Tz T Tis 0 02 05 03 O
Iyr T Tz Tag Tos 0 045 02 035 O
R— ra1 T Ty g | |0 025 065 01 0
Tar Tay T4z Tag Tas 0 035 03 035 O
sy TIsy TI's3 Tsq TIss 0 025 055 02 0
T'st Tez Tes Tea Tes 0 035 035 02 0.1

(15)

where every ry is the membership degree of u; to evaluation level v;,
regardless it is 27, or 77) Similarly, the static factor weight set is
described as W = {0.27.0.17,0.20.0.07,0.15,0.14}. Then perfor-
mance distribution set B is calculated and B’ is obtained after
normalization.

Fig. 3. Histogram of conventional HSE performance fuzzy evaluation.

0 02 05 03 0
0 045 02 035 0
B—{0.27.0.17.020.007,0.15,0.14) o | 0 92> 065 01 0
0 035 03 035 0
0 025 055 02 O
0 035 035 02 0.1
= {0.070.25,0.2.0.2.0.07}
(16)
B,_{ 0.07.0.25.0.2.0.2.0.07) }
007+025+02+02+007
={0.089.0.316,0.253.0.253.0.089} (17)

. provides the membership distribution of the total perfor-
mance for every level. By comparing ., it shows that
dynamic fuzzy evaluation method provides not only consistent
membership distributions as traditional FCE does, but also gives
proactive results to help managers predict performance tendency.

5. Conclusions

Large-scale oil companies establish a set of criteria to evaluate
HSE performance and many factors affecting HSE performance
are included. However in the practical evaluation process, not
every HSE performance indicator contributes significantly to HSE
performance. Key HSE performance indicators used to be deter-
mined according to expert knowledge or experience. With the
accumulation of data, historical materials could be a great treasure
to assist evaluations. Spearman’s rank correlation coefficient has
been proven to be an effective method to identify key HSE perfor-
mance factors base on statistical data. According to Spearman’s
correlation coefficient analysis of historical HSE evaluation data
from a gas transportation field, six factors were identified as key
performance indicators. They respectively are leadership and com-
mitment, health, safety and environment mission, competence,
training and awareness, control of documents, HSE management
of contractor and suppliers, and incident/accident report, investi-
gation and management. Managers can evaluate these key indica-
tors more frequently to get an overview of the overall HSE
performance. This can help to save time, human labor and financial
resources. It should be noted that these identified key performance
indicators may change with the increase of statistical data. This
makes HSE performance evaluation more adaptable to changing
circumstances.

As for the evaluation result, it has been expected to be compre-
hensive, objective and predictable. Fuzzy comprehensive evalua-
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tion method has been used to obtain a comprehensive and objec-
tive result. In this paper, a dynamic fuzzy comprehensive evalua-
tion method is proposed by improving conventional FCE method
with dynamic fuzzy set theory. The evaluation result showed that
a proactive HSE performance level can be obtained. It can provide
managers a comprehensive picture of HSE performance, as well as
the trend of HSE performance development.

Although the proposed methods were applied to a specific
company in this paper, they can also be used in others cases.
However, historical data is required to use Spearman’s rank
correlation coefficient to obtain key HSE performance
indicators. Dynamic fuzzy comprehensive evaluation method
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performance as one of evaluation criteria, which makes results
more comprehensive.

Acknowledgements

The authors are grateful for the support provided by programs
with China National Petroleum Corporation (CNPC) Research Insti-
tute of Safety & Environment Technology (Grant No. ANHY-F02-
01-0002), National Science and Technology Major Project of China
(Grant No. 2011ZX05055), and National Natural Science Founda-
tion of China (Grant No. 51005247). The authors are also grateful
for the valuable suggestion from employees and experts in China

presented the idea of taking potential trends of HSE National Petroleum Corporation.

Appendix A. Part of Zar’s table ( 2)
n o4

0.25 0.10 0.05 0.025 0.01 0.005 0.0025 0.001 0.005

4 0.600 1.000 1.000
5 0.500 0.800 0.900 1.000 1.000
6 0.371 0.657 0.829 0.886 0.943 1.000 1.000
7 0.321 0.571 0.714 0.786 0.893 0.929 0.964 1.000 1.000
8 0.310 0.524 0.643 0.738 0.833 0.881 0.905 0.952 0.976
9 0.267 0.483 0.600 0.700 0.783 0.833 0.867 0.917 0.933
10 0.248 0.455 0.564 0.648 0.745 0.794 0.830 0.879 0.903
1 0.236 0.427 0.536 0.618 0.709 0.755 0.800 0.845 0.873
12 0.224 0.406 0.503 0.587 0.671 0.127 0.776 0.825 0.860
13 0.209 0.385 0.484 0.560 0.648 0.703 0.747 0.802 0.835
14 0.200 0.367 0.464 0.538 0.622 0.675 0.723 0.776 0.811
15 0.189 0.354 0.443 0.521 0.604 0.654 0.700 0.754 0.786

Appendix B. HSE indicators’ scores of a gas transportation station
Data  Scores of 28 HSE indicators Sum
groups

Ny Ny N3 N4 Ns Ng Ny Ng Ng Nig Myp N1z M3 Nig Mis My Ni7 Mg Nig Moo M1 Moz Mp3 NMag Nas Mo Tz Mog W

N; 75 54 85 25 59 19 49 14 38 55 37 32 25 70 54 21 23 44 170 36 56 63 17 36 35 23 65 60 1340
Ny 82 46 66 24 46 22 52 18 41 67 36 25 20 76 51 17 22 50 174 31 52 69 20 34 33 36 63 53 1326
N3 98 66 80 28 55 25 67 10 35 53 45 34 22 80 57 29 30 38 180 34 61 72 15 44 20 31 78 50 1437
Ny 90 64 72 18 51 16 46 13 46 50 51 31 23 73 60 26 31 32 144 20 58 74 18 52 29 29 72 57 1346
Ns 67 72 74 30 57 18 78 19 44 68 35 24 31 74 48 23 34 45 155 22 51 83 14 41 48 34 52 73 1414
Ng 71 74 81 27 62 20 64 12 37 61 42 29 28 69 56 18 29 35 157 28 65 77 21 63 34 27 49 61 1397
N 88 68 69 22 48 26 47 21 58 74 48 30 32 82 61 28 32 49 179 35 57 67 25 68 53 18 79 49 1513
Ng 96 62 63 20 58 28 58 15 49 65 41 27 34 67 49 25 27 52 181 30 53 68 19 48 57 37 71 72 1472
Ng 101 78 98 26 65 21 55 17 39 78 49 38 27 75 63 19 28 57 169 29 60 84 29 57 56 40 48 85 1591
Nio 99 76 90 32 67 23 61 16 45 72 40 35 33 79 66 20 33 46 178 32 59 81 27 46 59 38 69 84 1606
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Appendix C. Spearman’s ranks and correlation coefficients Rs

Ranks of Ranks of HSE affecting factor's scores

total

scores

Y Xi X2 X3 Xa Xs Xo X7 Xs Xo Xio Xi1 Xiz Xi3 Xua Xis Xi6 X7 Xis Xio Xao Xo1 Xoo Xo3 Xos Xos Xos Xov Xas

2 3 2 8 5 7 3 3 4 3 3 3 7 4 3 4 5 2 4 5 10 4 1 3 2 5 2 5 5

1 4 1 2 4 1 6 4 8 5 6 2 2 1 7 3 1 1 8 6 6 2 4 6 1 3 7 4 8

6 8 5 6 8 4 8 9 1 1 2 7 8 2 9 6 10 6 3 9 8 9 5 2 4 1 5 9 2

3 6 4 4 1 3 1 1 3 8 1 10 6 3 4 7 8 7 ] 1 1 6 6 4 i 2 4 8 4

(o) 1 7 5 9 3 2 10 9 6 7 1 1 7 5 1 6 10 5 2 2 1 9 1 3 6 6 3 8

4 2 8 7 7 8 4 8 2 2 4 6 4 6 2 5 2 5 2 3 3 10 7 7 9 4 3 2 6

8 5 6 3 3 2 9 2 10 10 9 8 5 8 10 8 9 8 7 8 9 5 2 8 10 7 1 10 1

7 7 3 1 2 6 10 6 5 9 5 5 3 10 1 2 7 3 9 10 5 2 3 5 6 9 8 7 7

9 10 10 10 6 9 5 ) 7 4 10 9 10 5 6 9 3 4 10 4 4 8 10 10 8 8 10 1 10

10 9 9 9 10 10 7 7 6 7 8 4 9 9 8 10 4 9 6 7 7 7 8 9 5 10 9 6 9

R 0.67 0.73 0.33 0.33 0.5 0.53 0.24 0.24 0.31 0.64 0.32 0.50 0.67 0.37 0.60 0.22 0.49 0.44 0.39 0.12 0.33 0.38 0.55 0.52 0.72 0.44 0.13 0.43
References:

Regulations Relating to Health, Safety and the Environment in the Petroleum
Activities and at Certain Onshore Facilities (the Framework Regulamons)
Petroleum Safety Authonry waay 17 June 2016. <




