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Abstract: At present, the essential reliability of A Chemical System

chemical equipment has been increasingly improved

Operation steps Operation behaviors

with a development of automation and information

technology, and human error has become the main

factor over chemical accidents. Hence it is necessary to ] Possible
Potential causes consequences

conduct human reliability analysis (HRA) on chemical |
systems to ensure their safe and stable operations.

However, the chemical systems have a high non-
Bayesian Network

linearity and complex coupling. The existing HRA

technologies cannot be directly applied on them, and

the effectiveness and accuracy of analysis results are poor. Therefore, this work proposes a structured assessment
method of human error probability for chemical systems. This method particularly combines the human-hazard and
operability analysis (human—-HAZOP) with Bayesian network (BN). Firstly, according to the operation manual,
process flow diagram, and other information of a chemical system, the tasks are summarized for human—-HAZOP and
further subdivided into several operation steps and behaviors. Secondly, meaningful deviations are selected using the
operation behaviors and guide words. Accordingly, the potential causes, possible consequences, existing measures,
and suggested measures are analyzed to form a structured human-HAZOP report for this chemical system. Thirdly,
based on the human—HAZOP results, the potential causes and possible consequences are considered as leaf nodes
and root nodes, respectively. A structured BN model is finally established to calculate the human error probability in
the chemical system. The esterification reaction of one methyl-acrylate virtual simulation factory is taken as a test
case. The probability of human error for the esterification reaction is calculated to be 0.0004 and the main human
error behavior is maintenance staff stealing work omission of maintenance staff. Traditional CREAM analysis of this
chemical system results in human error probability results of 0.0001 to 0.01. Results show that this structured
method can effectively and accurately assess the human error probability of chemical systems in comparison with the
traditional CREAM.
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1 b RN TRE2ERE, dbaT 100029
2. bR T RS & TR R 7 Rty ST 100029

B OFE: T ARG REIRLRIE HE MG, A AT SEE 7 (HRA)EOARME CLEE R, Ho A 46 SR A 2 A
Btk 2. Nt AR TAEN N H - & B A AT A 14 20 (N HAZOP) &5 DU H i 2% (BN AHRR &, 2 T —Fh it TREA
KRR AR PR T35 . I MER N K HAZOP (IENLAESS, ik 51 SRl A 22, TR BEHIL B N HAZOP i, Jf4f iy 2
BN, SR T RGN R RRMEA . AR T RE 40007 30 ) B s SR Bl, AR IR R AT 45509 0.0004, H.
FEENRAT ALY N SR SHZ T REAT 5 CREAM 0B, AR R4 45 55 0.0001~0.01. 5444 CREAM #H
bb, IR ESHIATT i RE S e R H RS Al AL T R G NP IR

KR WTRG: ABIRRMR; S ABR-fE A S r(NE HAZOP); DU kg 2%

hE SRS TQO2 XHEEERIRAD: A

b B s AE BALBORAWT AR, L T A
AT SEME K H a4 v, AR 2R O o A i) 3=
ZH R, m1L 57.14%~85.71%". 201548 31 H, 1L
RIEIEA A R A A A T BB ES, 5 A 13 A
T2.25 N3z {0, B4 BE 4 2k 4326 75 70 F il E 12 5
NZETA A Ty N FE RS, 225 AR N SR B v i R
TRA R EE IR PR, e v 0 VE R R KRR 91 R
BEXESL 2019 4E4 H 15 H , 578 KA A i 2545 BR 22 7]
KA T HERE KD EFFENER 10 AFET: 12 N3210,
EIRZTHUR 1867 7170 ; S EL L IR R i IUEEAT 2 K
VRNV, 51 BRI 377 HE TEO V- 155369 250701 ik 1) 7™ A 8K 5 T
A AT I WL, A T R G R A
A] H£ £ 73 #T (Human Reliability Analysis, HRA), LA fx f&
H e PRaisit.

HRA 746 T 20 20 50 4F4R. 1958 4F, Williams'™
I8 6 AR G0 T SE P AT TN 6 0 F HRA. 1975 4F,
FE KA T RBRE A% B MR 2 2 R, IR
TR 2 VA L A0 A HRAY . B 5, HRA TERZ HL .
P A AR A AT )2 550, IR ENE AR R .
B —AUHRA R 32 il G vh H R Bk RN R 2%
R ME R B a0 R P 5 R 2> 1R (Human Error
Assessment and Reduction Technique, HEART)"". A\ A4
H17] 5E % (Human Cognitive Reliability, HCR)!"\ A 7% %
0 9 47 K (Technique for Human Error Rate Prediction,
THERP)!"45 ; (HIX L84 R 25 & NI AMERAT 2 1

XEHS: 1009-606X(2024)05-0609-09

WA AT, 28 A HRA BEAR EM N RAT NI N AE TS
T, JCH AR A I B N = A LB, e B AR 5
5 N DA RTRT SE A 2R 4R 43 #t J7 2 (Cognitive Reliability
and Error Analysis Method, CREAM) . 1998 4F ,
Hollnagel 7 4 [#] iR [ Y] 52 7% Tl R4t & 2T R
HRA, Jf 57 T CREAM. L), A& K %% % CREAM
TERE ST L. a0, 47 5% 7£ CREAM I 24l |, 5
A i A % e 46 1 (Common Performance Conditions,
CPCs), % 520 N\ DA A] SEVE IR 1 SR E4T 4028, DA
N R 2R i M 2 vk SOk B S, A 2 R IR
CREAM 5 U111 X % (Bayesian Network, BN)#H 454
XA MY I A5 N R R AR AT VAL, BV Ak 45 R S A & s
Rl SRTMT, CREAM T MK HE A0 7 SR 22, o 4 A R 48 H
FVER T AR R BT R VP AL AR BRI MERE K. itk
Ab, BRI T A = 2 G0 FE AR S it L2 AR S 4k, £ HE X
xR SR 56 22 T2 DUKE i B 2 A 3, DR L 3L HRA
FORMECLE RN, H 2 b 25 B 1) 4 T PR 250 22
06, A TAE¥ A HAZOP &5 BN Al A, 42 H —
TS ML TR GNP AR R VEAG TT 5. B 5L, 1%
T7EARE E G BRI T A R R AR AT 25 5 K
FLAH o3 N EAT AN E AP BR , AT S 07 B+ 48 7 1k
TRGW RN G FLU B RN H A EAT
AR D IRAAT N HAZOP 2087, FIH 51 T 17, &5 #4040
HRGAHHER o o] REAEAE N RAT N, FELLEM
() SCAS T A 3R TT R S DR AT I SR 5 0 ) A7 A (R AR 3P 4
it R HAH O UL, AT AR oA AR 7 AR G b KU A
JR A5 J5 A TR B v B AR G e . PR, 5l A BN,
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iR A G A 2% (0 ARG DR 3R 5 L 20 R D AL i 22 A i
A DA W21 5 v B R RIRR 9 R, 48R NARAT 9 S B
HORAE R FENLEL. ), 83 BN SR TRGMA
P RAR MR , SEILN B R AR MR 1) 2 AL IRAl . B EEA
ST AR P A 45 SR B K 78 B SO AT 5% A B 7 4 i £
T Ja SRR R B A T R G B N AR ARAE

2 EARHER®

2.1 AE-fEReFrT4EtE 5 #1(AE HAZOP)

HAZOP £ AT 20 128 70 G4, by 2 [ 5 [ 1k 2
Tl AR R & — )2 B AL AT ) R
PEAS vk ML T T 2R R R E  ZH AR H 5
S AT LM RGALE A, EEA TR
HTFIVEAN AT B8 38 B PR N 53 47 55 U P 45 Ok B B 3
L7, N[A HAZOP 4% 48 HAZOP [f)3: Al Ji i ok
S O S PR 4 P E B v N R R AR AT RE S| R I
TELE GG, 3740 thAH IS5 AR 8, AR AR AR ML 4 A Fn
Yedr s R A M5 RE ML A, NF HAZOP g6
AHHFRIE SRR FOR B, thah, N TR B
A ) A (E A 3E 4T 2 K 4y, e R B A
FEAMES,

(1) FAE D B AL AT 55 T , K AR AR i 47
%14y, B E D 3R

(2) BAEAT R BN L BB

(3) 51 51 : I T48 5 o A & PR e NH KR 1
RN, VEILER 1,

(4) W2 : 5T NI R 2

#1 ABEHAZOPHIEMSISF
Table 1 Common guide word for human—-HAZOP

Guide word Description
None Overlook and forget
Part of Appearance of misbehavior that deviates from the objective

More or Less Error in the amount or degree of action triggering

Early or Late Action triggered at the wrong time

Before or After Action triggered in the wrong order

2.2 DIRHErRIZ%(BN)

BN & — P FH T 60 1R 2 20 R ARE 2 HE 2 11 IR A Y
AR T Ak T BER AR B A 5 1 1) P AR T
Pa LT, FA R S Bt B & T AN
AEEPEM R B S VTG . BN AL K B i R —
e B ME FE AN S5 AR A, SR IR 2 PR AR ) S B
B RN, S F A R A R . i, A SRR
EREFACNEP (A4), RN A SRR . SRR IR 72
FFAF ORISR T R —FE R AR 4

U1, P(AB)RRNTE B R T RAEMFKME T AR RE
(MIMEZE ;P (BIA) RRTEA B CRAENFKM T, BEMAE
AR . AN, BN G I ME e ofe ik e B 4 A S0 B
7 HLAE RIS RS 0 ME 26 A R 18] 2% 1R R 26 11 25 1
T AR S BRA R A, WA Q)P R
P(AB)=P(A|B)P(B) (1)

P(V) :p{V“ ...... ’Vn}:ll[P(VJVI, """ ) Vl-_1) 2

3 HEPR

PR PR EEAR R, AR TAESR I T —Fh & M1k ik
TR NF RARMEVEAL 7. W R, &5 E
BALFEIT R HAZOP Al BN 2 A8 3543, L] %l 4
PLR 8N 8K

IR RN T RS AR TR, W EF M. T
SRR P&ID B %%,

IR 2 MEiR A K HAZOP () = ZEAE VAT 45, BRI BA
VR IR AT R LA DR R 13, — i B4 s AR A AT
RIPAE . o, 8t 2L 2 4 R8T i 22 7 3 AR A b e
S U AR N DR IROR 5 T P BOU) 46 1 11 45 5 $huAT Y
SE R AT AR I AR IA BB AR ZER, W E N AR
JERHE 2R A R 1 B B FE e A C L 55

W3 R HEAE IR AR RN S AN R B D B, 5
i LR 75 4 B 0 B A D IR K A O B — R AR
171,

IR AR FRAEAT A 5] 58], JRE A =
22, BT 43 A A 22 0 7E i R 5 ] RS 5 131 08 O
ZE A STt , HAR P v 7R IR R L RT Re S SRR O 1 e
PEHEIE . BE LIRS, HE A TERET N
3T, HIE RS Htb ik T 248 AR HAZOP #1.75 .

IR S BT AN HAZOP 43 1 45 5, 4R B8 78 5
DRIFHA] REJ5 R 5 20 T3 S BN AL g I 4 s S5 AR A

IR 6. 1 B K HAZOP #5245 Frish % (R 6 &
iff 7 BN (10 H ) 1 J— A2 pi 5 19 e

WIRT: 2 AN R OC R L @A [ # Sk 4
FRRLTT A, FER B AE A LT BN AR

WIS I RE N R BN IE A RS S S
AR 2G0Tt 40 R BT 5 S 50 e A A
6] 1) 2% A4 M %, JEAE 8 BN R 4 N AR 4 2 =R (D) Al
), 5L T A2 G AN KRR

4 EG AT

4.1 LI ARG =T
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Conduct
human—
HAZOP

The tasks are summarized for a chemical system.

!

!

S . . Next
A task is divided into several operation steps. ste);)
¢ A
An operation step is further subdivided into several Next
operation behaviors. behavior

The meaningful deviations are screened out based on
operation behaviors and guide words; then the
potential causes, possible consequences, existing
measures, and suggested measures are analyzed.

Whether or not all operation
behaviors are analvzed.

The structured human—HAZOP report is formed.

4

Establish
BN model

y

Based on the human—-HAZOP results, the potential
causes and possible consequences are considered as
leaf nodes and root nodes of BN model, respectively.

'

The intermediate nodes of BN model are identified.

'

A structured BN model is established by connecting
the corresponding nodes via directed arrows.

'

The prior probabilities of leaf nodes and conditional
probabilities between nodes are obtained to assess the
human error probability in this chemical system.

KT SR N KRR PP AP 3R

Fig.1 The structured assessment flowchart of human error probability
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i R G4 5T H B G5& R B RL R AN 3h 2
UL, R S i R R SE A S IR REDT L) . %40
FLURAE LAE A0 22 P IR AN FR IO JEORE, ) P e R 7 o 1
AZH i B HEALAT P BEAT IR A0 SN, I 22 3 B e A A il

TR A5 TR P R VA e 246 3 TR 26 B0 B L AR R o 45 A
FI SR SR A4 1 DA 075 18 FR B = s L, 5 R A S
PR TR 3 5 TR AT P I 2 T WA PR AR 2 R 1 4 S o
AT,

W 2 B Be Ak s I o R A 1R PR s R 40U B
0 5 BSE PR T30, 0 5 A [ DR SR 2 R i
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BE . BAKINE B 0 0 R P R L5 [l U B 45 (0 1 21
PR TR 708 PR PR I S A R TR A HE R N R T A A
(B311); & TR 5 » 4k i ik 2 B8 b [ B 28 (R301) , FF 75 51
PR PR R B BH 8 1 A e W IR (R A AL R R 2 | 8T R AL

AT [}
22/ 22
Methanol FROM V325
P>< N—@M

HV3032 FV3252

5
NA ey
5 &

Methanol Feed
XX V001 FV3252 HV3002

(N o)
L

XH HP

SN AR PR R N U EE 75°C R 77201 kPas 5 4% N T
MR301JEE T H AR 70 55 35 (T3011). 7ELE, 5 5 A
BEAY S AR S 5o B3R N BB AR AR M R P4 T v e I
FIGAIE

[ e

Aaylic Feed
XXV002 V3111 HV3111 HV3004

FROM P321

""""" :

Fv32il HV3003

(N finch) "
i/ STV
TO T3011

HV3005 PV3111

2 PR T 2R K

Fig.2 The process flow diagram of esterification reaction

42 NBEKIRBERIFE

AR 1 WU A R PR i R 4000 3 ) IR A S R 1)
FHCBERE, ST AR F M 1 s T2 LR 1 5K . P&ID
15K.

IR 2 45 A ER TR, MER BR AL O A A
HAZOP 1) F ZAENAT %« B, o T 44 A iy T8k
BN, A B R

IR 3 N A SR PR AN ML R K 23 K T I
1%\ PR 08 N R S TR S DL R A IR FR I TR i
LTS H 2 AN AE P IR . AR ERAE T WX
ANEAE D R 53 e — W ERAEAT . B, P94 N R AE
WinCC 5t [ _F 7 FF B 38 U] W 1) XXV001, XXV002,
XXV003 F1XXV004, HAMEN 52448015 11 FV3011
(W BN AT S B T FXV3011A, FXV3011B JF &
100%.

R AR FREAEAT A 5] T, iRk A =
2. 0, BEAE N GUE TV3111 I 5 35%, iX MR
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TV3UIFEIE K. &0 W, e 22 1 78 7 S DR Dy 454

NG IR, BT RE S R OVHIs 28030 2, 38 il i
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ICED AT A RS A

IR 6 1 B K HAZOP #5 #5 Fris K R % &
RPFE #2420 R vh AT BRI DR~ 22 (AR AT 9 5 51 =R 1
G- 1T B 7 BT B W% , 1 5 IR A R, BN AR
AU R R) S A — A RS 1T e i, R e N S
TR AT i, WY RNV E R FV3111 s KR
R FV3111 IR AR 98875 i, W 757 SO TR A BRI
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Table 2 The human-HAZOP report of esterification reaction
Operation Operation Guide Deviation Potential Possible Existing  Suggested
step behavior word cause consequence measure measure
Maintenance
Mix acrylic acid . . . staff stealing Abnormal flow rate and With Installation
Regular maintenance of flow Failure of maintenance . .
and methanol and valves by maintenance None ersonnel to reeularl work failure to meet the acrylic manual of
feed into reaction Y persont swarly Omission of  acid: ethanol=1:0.75 criterion adjustment additional
personnel maintain flow valves . . . .
preheater maintenance for esterification reaction valve flow meters
staff
Lack of
patience on
Th ller f¢ li h f th
Central controller feeds facontro o eeds' acrylic. the part of the . . Add
Lo acid and methanol into the  center control Inadequate esterification .
preheated acrylic acid and . . . . With temperature/
. Early esterification reactor before staff reaction, reduced yield, lower
Feed preheated methanol into the . . thermometer pressure
R esterification reactor (R301) the temperature and pressure  Failure of the methanol conversion interlock
acrylic acid and have stabilized center control
methgnol t(? the staff to pay
esterification attention
reactor o
Addition of
Operator opens TV3111 to The operator turned the Operator Preheater R301 temperature With a
More . temperature
35% TV3111 over carelessness too high thermometer
alarm
device

7 > HAH RIS mi A4 R PE AR 3
AR 8 AE AR N S VHEAE N SR PN 545 30
ANLFRZ5RERSE, it 8 RiE LR 4 25000, 095

S T AR S I ARE R RN T AT TR B 4% 1 MR R,
%S,

Al

A4

U HP

K3 LT A HAZOP fIBE A 52 BN RS
Fig.3 The BN model of esterification reaction based on human-HAZOP

W b IAR S B0 2T S5 A R 2R A D BN AR R (R 4N
ARAE A (D) ATV S S S R . B, T R
B1-Jil & I FV3252 48 (1) K A28 00 R B s

P(B1)=P(A1)P(BI1|A1) =0.30x 0.80=0.24

[FHL, 7] 43 S FRE H [|] 45 £ B2, B3, B4, C1, C2, C3,

D1 D2 {5 S HE2, B 0.36, 0.40, 0.24, 0.0216, 0.0324,
0.0216, 0.0432 810.0172. A, AR 2 2(2) TR Al HIAR
HT R E— TR N AT A P R D | A AR PR
J R, W R TR

P(E)=P(Al)-P(A2)-P(A3)-P(A4)-P(AS)-P(BI|Al)-P(B2|A2) - P(B3|A3,A4) - P(B4/AS) -
P(C1B1)-P(C2[B2) - P(C3[B4) - P(D1|C1,C2) - P(D2|C3) - P(E|D1,B3,D2) =0.0004
H

g5 BRIk WAL OB N R R R EE 09 0.0004. e IR AERERROR, N EENRIT . B, 14
T R SREER TR A R VE R 6. PRILATAEST AN LI RAT G PIGIR P R AU AR AR L) R O, B
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®3 BNEEMTREBR
Table 3 The descriptions of nodes in BN model

Node Description Node Description
Al Maintenance staff stealing work B4 The operator turned the TV3111 over
A2 Omission of maintenance staff c1 Methanol flow rate does not reach the required flow rate for the
reaction
. Acrylic fl te not hing th ired fl te for th
A3 Lack of patience on the part of the center control staff C2 cryfie flow rate not reachung fe required flow rate for the
reaction
A4 Failure of the center control staff to pay attention C3 Preheater R301 temperature too high
Abnormal flow rate and failure to meet the acrylic acid: ethanol=1:
AS Operator carelessness D1 . . . .
0.75 criterion for esterification reaction
B1 Flow valve FV3252 damaged D2 Methanol to gaseous
B2 Flow Valve FV3111 Leakage Inadequate esterification reaction, r.educed yield, lower methanol
conversion
B3 The controller feeds acrylic acid and methanol into the esterification reactor

before the temperature and pressure have stabilized.

F4 RBHESRHERNAEGIHER

Table 4 Results from a survey on a priori probability and conditional probability

Incident Al A2 A3 A4 A5 BIAl B2/A2 B3|A3,A4 B4/A5 ClBl C2(B2 C3[B4 DI|CI,C2 D2/C3 EB3,DI,D2
1 03 04 02 03 05 0.8 0.9 0.8 0.9 0.9 0.9 0.9 0.9 0.8 0.8
2 03 05 03 03 03 0.9 0.9 0.8 0.9 0.8 0.9 0.9 0.8 0.8 0.8
3 03 03 02 03 05 09 0.9 0.8 0.8 0.9 0.8 0.9 0.8 0.9 0.8
4 02 04 01 03 03 0.8 0.9 0.8 08 0.9 0.9 0.9 0.8 08 08
5 03 04 02 04 03 0.8 0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.8 08
6 03 02 03 03 04 09 0.9 0.8 0.6 0.9 0.9 0.9 0.8 0.8 0.8
7 0.1 03 02 03 03 0.6 0.9 0.9 0.7 0.9 0.9 0.9 0.8 0.8 0.8
8 03 02 0.1 03 02 07 0.9 0.8 0.8 0.9 0.9 0.9 0.8 0.8 0.8
9 01 01 03 05 03 0.8 0.9 0.9 0.8 0.9 0.9 0.9 0.8 0.8 0.8
10 03 02 02 03 01 0.8 0.9 0.8 08 09 0.9 0.9 0.8 08 08
1 01 04 02 05 03 0.8 0.8 0.9 0.8 0.9 0.9 0.9 0.8 08 08
12 03 04 02 03 01 0.8 0.9 0.7 0.8 0.9 0.9 0.8 0.8 0.8 0.7
13 02 05 05 05 03 0.8 0.9 0.8 0.8 0.9 0.9 0.9 0.8 0.8 0.9
14 03 03 03 03 03 0.8 0.9 0.6 0.9 0.9 0.9 0.9 0.8 0.9 0.8
15 04 04 04 04 04 08 0.9 0.6 0.9 0.9 0.9 0.9 0.8 0.8 0.8
16 01 01 01 01 01 0.8 0.9 0.6 0.9 0.9 0.9 0.9 0.8 0.8 0.8
17 03 03 03 03 03 0.9 0.7 0.8 08 0.9 0.9 0.9 0.8 08 08
18 01 01 01 01 01 0.8 0.9 0.8 0.9 0.9 0.9 0.8 0.8 08 08
19 04 04 04 04 04 09 0.9 0.7 0.8 0.9 0.9 0.9 0.8 0.8 0.8
20 03 03 03 03 03 0.8 0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.8 0.8
21 03 03 03 03 03 0.9 0.9 0.8 0.7 0.9 0.9 0.9 0.8 0.8 0.8
22 04 04 04 04 04 07 0.9 0.9 0.8 0.9 0.9 0.9 0.8 0.8 0.8
23 02 02 02 02 02 08 0.9 0.9 0.6 0.9 0.9 0.9 0.8 0.8 08
24 03 03 03 03 03 0.6 0.9 0.8 0.9 0.9 0.9 0.9 0.8 08 08
25 03 03 03 03 03 0.9 0.9 0.8 0.6 0.9 0.9 0.9 0.8 0.8 0.8
26 05 05 05 05 05 0.6 0.9 0.9 0.8 0.9 0.9 0.9 0.8 0.8 0.8
27 03 03 03 03 03 0.8 0.9 0.6 0.8 0.9 0.9 0.9 0.8 0.8 0.8
28 0.1 0.1 0.1 0.1 0.1 0.8 0.9 0.7 0.7 0.8 0.8 0.9 0.8 0.8 0.8
29 01 01 01 01 01 0.7 0.9 0.8 0.9 0.9 0.9 0.9 0.9 0.8 0.7
30 05 05 05 05 05 09 0.9 0.8 08 0.9 0.9 0.9 0.8 0.8 08
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Table 5 The prior probability of leaf node and the
conditional probability between nodes in BN model

Leaf node Al A2 A3 A4 A5
Prior probability 0.3 0.4 0.2 0.3 0.3
Node B1|A1 B2|A2 B3|A3,A4 B4|A5 C1/B1
Conditional probability 0.8 0.9 0.8 0.8 0.9
Node C2/B2 C3B4 DI|C1,C2 D2|C3 E|B3,DI, D2
Conditional probability 0.9 0.9 0.8 0.8 0.8

&6 BNREMT mHEHEHTE
Table 6 The posterior probability of leaf node in BN model
AlIE  A2E A3E  A4E  ASE
Posterior probability 0.35 0.52 0.32 0.48 0.35

Leaf node

43 xttE5ite

FIH 2 — A HRA FIAEENE J7 %5 —CREAM, X I {k
SSEHEAT A3 T AP A o MR AR BEEREE , A OG T KEREL AR
N R FVPHIH 928 CPCs IR KT, 45 VR LR 7

% W L & cpcs K P, W ORK B
[ Skt SR @S sl ] = [0.3.6], B0 B4
1l A5 2y 5 e A L AR R N AL K iR W DX TE]
0.0001~0.01.

Wi FR TSR, TENE W R
CREAM 1, %A~ CPCs [H T A8 [/ 7K - 26 404 8] 3 S AN
07 ROAAAERCRIME . o, AR« ZU5e &7 g T, “ R
AR RATR Z E A WAL . IRRROR E S B0
KL FBFARN AL E—5F R 5 45 AN H] 1) 45
B, KRN T BAVPAE A 2 . 2, CREAM H
B SR BR PR, BT SR R Ak S5 B VT Ak 45 SR I — Ak

FIXH], LR fE T . MM S, A TAERT R H K
LRI N IR R VA J5 2K A [l HAZOP 5 BN #
TR, AT 5 e N DR R AR BFIR 1) 2R G A 41
P 3 AT 32 e N TR R R Al (0 28 AR 1

5 %4 b

R T R G A A m AR 5 2 A,
LA HRA BAME LB 8 , B2 45 S 10 A oA
RERA P 22 1 1) R, A AR AT HAZOP 5 BN Al
P — RS Ak T RGN KRR VA 7, &
Gu A W 58 BN R KRS R 7 BT AR R T, A AR
ghik:

(1) ZJ7 BEAREAENAT 55, B BRAEAT A 5] S0,
fifiide A = R 22 , T 45 /AL BN R HAZOP 4175
DU S L R N R R PR R A e . B
T AN HAZOP &5 J #4187 J5 [H] L 1T e Ja AR AR T A
FHT 5, MY S M Ak i BN R, DR i AR 2K 1R A R
VAR A RO RO 1

(2) 83 XoF PR 0 TR P R 0L 3 T PRI R A e I 3
1T RBI 30T, 45 R N KR MEZE S 0.0004, H 32 22
NARAT AR N st . M T & 1448 CREAM JT
SREUI N R R AR X [6) 47 0.0001~0.01 , HLJ& T 1 A5
o A TAEFTHE H 145 04 1h 77 725 5 0% A VP A5 46 T
RAENFRIRHEE

(3) SR g Al BE— B R AL T RS8N R AR R VA
TG, IR/ i TAE R, S m PR . eah,
ZF G R W IR T DD AR AL T TR N TR R L

*=7 BELRELHYCPCs S3Hak

Table 7 The CPCs analysis table of esterification reaction

CPCs Behavior-forming CPCs Expected
factor factor level utility
cpCl Organizational Safety incident reporting system, safety awareness of operators involved in the esterification Effective Not
integrity reaction, degree of professionalism in the organization's division of functions, etc. significant
CPC2 Working conditions Weather, temperature, lighting conditions, noise level, etc. Superior Improved
HMI and operability  equipment and installation of esterification reactors and protective equipment, user—friendliness .
CPC3 P v equp . P Ve equip e Auxiliary support  Improved
support of equipment, etc.
Procedure/schedule . . . . .
CPC4 urerseliedu Esterification reaction work norms, standard operating procedures, etc. Appropriate Improved
availability
Matches the
Number of . . . o . . . Not
CPC5 . Esterification reaction task distribution balance, duration and intensity of work, etc. person's current .
simultaneous targets R significant
abilities
CPC6 Available time Difficulty of tasks to be completed and degree of task repeatability, etc. Adequate Improvement
CPCT Operator training and ~ Knowledge and experience of transesterification operators, awareness of regulations, training, Adequate and Improved
experience adequacy etc. experienced P
. . . . . . Not
CPC8 Operational timeframe Shift scheduling, length of service, etc. Daytime .
significant
uality of multi- Communication between transesterification control personnel and front-line operators .
CPC9 Q Y p P ’ Very effective Improved

person co—operation

operators and maintenance personnel, etc.
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