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Abstract— An expert system was developed to predict hazardous conditions in chemical plants as an operation-aid sys-
tem for the automation of unsteady state process operation such as start-up and shutdown. In this paper, hazards were clas-
sified into three main groups; constraints for preoperation and main operation of process units, hazards by mixing of
dangerous materials, and potential hazards in process. By using these three groups, Hazardous-Condition-Data-Base was or-
ganized, after that, the methodology to represent process topology and process states was developed. An inference engine was
developed for evaluating hazards in process and applied to the practical chemical plant to identify various types of hazards.
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Fig. 1. Synthesis of operating procedure.
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Table 1. Data structure of ARC and NODE for state representation

S1 VALVE V1 valve list on the arc
(ARC) APVAL T/NIL ON/OFF state of the arc
PHASE MIX phase state
TEMP 13 temperature level
PRESS 12 pressure level
COMP (C4,C3,C2,H20) materials in the arc
EO NAME HEAT- unit name
(NODE) EXCHANGER
APVAL T/NIL working state of the unit
ARC (S1) (82) in-output ARCs list
FUNCUTIL WATERO functional utilities
PHASE MIX phase state
TEMP L3 temperature level
PRESS L2 pressure level
COMP (C4.C3.C2,H20) materials in the unit

PRE-OP-CONST (OP-COND OIL0) preoperating constraints
before working

OoP- (TEMP OVER LS5) operating constraints
CONSTRAINT
FUNCOP IF-THEN RULE  functional operation

rules of the unit

274 5 oA BHE
module
HAZARD.LIB: 5}8}322) 9] ©]8lE4] DATA BASE
ACTION.DAT : start-up. shutdown 4] §-3181e] =}t
© 2 2] A]8}= module
PROCESS-STATE-SIMULATOR : 24 A} x]2] zatwdddo] u}s
bz o] Al ke 2 Abske module
SAFETY-EVALUATOR : Z#bel] a2 3] 1&g 4hef] by 7}
=448 FBedsl module
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MATCHED-RULE

IF ((U DRYER3) ((S7 (TEMP L3) (PRESS L2))))
THEN ((S9 (DEL H20))) AR ((S7 S8))

K

STATE-IDENTIFY

SIMULATED-STATE

’ S7: TEMP=>L3

apply THEN part PRESS=>12
_ COMP=>(C2 C3 H20)
copy S7 =>$9 $9: TEMP=>L3
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Fig. 4. Data flow by PROCESS-STATE-SIMULATOR.
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Table 2. Node name and input, output arc

NODE INPUT ARC OUTPUT ARC
EO Si S2
El S2 S3
E2 S3 S4, S5, 86, 87
E3 S7 59
E4 S6 S8
ES S8 S10
E6 S9, 510, C12, C19 S13, S20, 821, C11
E7 Cc1 C12
E8 S13 S14
E9 S14 C15, Cle, 822, 823
E10 Ci5 C17
Ell C16 C18
E12 $23 S24
E13 S24 S25
E28 C17, C18 Ci9
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Table 3. Pressure and temperature level

Table 4. States of nodes and arcs after operations

Level Press(kg/cm’) Temp(C) Phase Temp Press Comp Apval
0 - S1 GAS (LS) (L1) C3 C2 C4 H20 T
1 10 - 30 S2 GAS (L6) (L2) H20 C4 C2C3 T
2 12 -17 S3 GAS (L6) (L2) C3 C2 C4 H20 T
3 15 0 54 GAS (L6) (L2) H20 C4 C2C3 T
4 19 22 S5 NIL NIL NIL NIL NIL
5 39 34 EO GAS (LS (L1) C3 C2 C4 H20 T
6 40 El GAS (L6) (L2) H20 C4 C2 C3 T
7 85 E2 GAS (L6) L2y C3 C2 C4 H20 T
8 100 E3 NIL NIL NIL NIL NIL
TR 2k g @At A v HoE 5 oleA] vh7hAl ®lok
2 fEAE A Esc (3) “HA T2 Z (B0 ON)2] 2ol ciajed Atefusts wAlsl|
1 Az o Zrt 5=, (E0 ON) Z24o]| 27k Atel & watslrlel o4 dael 34
Aefel 4] B08] 7] o) 7hahA & dobiir) sla) 08| 715 Aok
<Al#le 1> F74 H* checkslA =l B0 7153 Atz E09 prop-
erty & “PRE-OP-CONST ¢l vieht} gl onf, of 7= wizh4=e] 7))
lisp2> *operation-list* 5@ % oil check 2 open-path =71¢] AR & vhehy 1 g)ct.

((V1 OPEN) (WATERO ON) (V2 OPEN) (V4 OPEN) (V5 OPEN)
(EO ONY)

lisp2> (hacaps) 6)

(OPERATION IS (EO ON)) @
(THE PRE-OP-CONSTRAINTS OF THE UNIT E0 ARE (OILO
WATERO OP-COND))

(CURRENT STATE IS (WATERO ON) (OP-COND ON)) 5@
((E0 ON) THIS OPERATION CAN NOT SATISFY THE PRE-
OPERATION CONSTRAINTS.)

==> UNSAFE
NIL
lisp2> (setf *operation-list* '({0il0 on) (e0 on))) RG]

((OILO ON) (E0 ON))
lisp2> (hacops)

(OPERATION IS (E0 ON))

(THE PRE-OP-CONSTRAINTS OF THE UNIT E0O ARE (OILO
WATERO OP-COND))

((EO0 ON) THIS OPERATION CAN SATISFY THE PRE-OPERA-
TION CONSTRAINTS.)

(E0 SET THE APVAL VALUE T)

T 5 ®

lisp2>

(1) -1 HACOPSE- 7|%-A|717] "ol *operation-list*% loadgic.

o} Aol 412} *operation-list*}= compressord] E0E 7| E41717] ¢
3}o] valve V1. V2, V4, VSE 3} & o] open-path 3271-& =h&3at
4 Q] =& pathE A A8} 1, compressor B0 W78 &9 7155
B & g &, E0E 44 71547 dade] 2ahg ebi v gl

(2) HACOPS & A 8)abd, *operation-List*ol] -0 zZ2keddig
228 Y F, 72+ zato] AHE ovic}t g o] AefE HHAA

SEt3 3 H34A M6z 1996 128

(4) & ol Aloff = B2 Abell7} EOoll tHEE oil check”} ¥]2] ¢
o} EO% 7159 & §18-2 el v, £302 wolFw gk,

(5) ©3714] *operation-list*el] (OILO ON)o|e}= Z2-g 78},
chA] (E0 ON)S- Z2bsl 11 HACOPS S =)} 4 ) ghel.

(6) HACOPS = EO9] o 5.2 7150 Hjekdlo] sharslol EO
% 7)1 % A 71k message2}t &7 Abel mARE 2181 gc)

Table 4i= ol 4|7} R] 2] 22t & node ¥ arc®] AFel-E viehigich

<Al 3o 2>

lisp2> (setf *operation-list* '((refrigerantl on) (v601-open on) (v6
open) (v20 open) (v10 open) (0il4 on) (v8 open) (e4 on))} 1O
((REFRIGERANT1 ON) (V601-OPEN ON) (V6 OPEN) (V20 OPEN)
(V10 OPEN) (OIL4 ON) (V8 OPEN) (E4 ON}))

lisp2> (hacops)

{(OPERATION IS (E4 ON))

(THE PRE-OP-CONSTRAINTS OF THE UNIT E4 ARE (OIL4 OP-

CONDY)

((E4 ON) THIS OPERATION CAN SATISFY THE PRE-OPERA-
TION CONSTRAINTS.) 5
(E4 SET THE APVAL VALUE T) '
(CHANGE THE STATES OF THE PROCESS) 0]

(WE FINISHED THE STATE-CHANGE BY THE OPERATION (E4
ON))

(THE STATE OF THE UNIT (E6) IS AS FOLLOWS) ;;
(PRESS\: (L2) TEMP\: (L4) PHASE\: (MIX) COMP\: (C4 C3 C2 H
20) ID\: T)

(NOW WE WILL CHECK PROCESS-CONSTRAINTS.) o @
(THE OP-CONSTRAINTS OF (E0) IS ((PHASE LIQ) (TEMP L5)
(PRESS L1)))

==> SAFE



sbetg e g

Table 5. States of nodes and arcs after operations

Phase  Temp Press Comp Apval
E0 GAS (LS) (LD C3 C2 C4 H20 T
El GAS (L6) (L2) H20 C4 C2 C3 T
E2 MIX 14) (L2) C3 C2 C4 H20 T
E4 LIQ (14) (L2) H20 C2 C3 C4 NIL
E6 MIX (14) (L2) H20 C2 C3 C4 T
E8 GAS (14) (L8) (L2) (L.1) H20 C2 C3 H2 T
E9 MIX (1L4) (L8) (L2) (L) H2 C3 C2 H20 T
S1 GAS (L5) (L1) C3 C2 C4 H20 T
2 GAS (L&) (L) H20 C4 C2C3 T
S3 MIX (L4) (L2) C3 C2 C4 H20 T
S4 GAS (14) (L.2) H20 C2 C3 T
S5 LIQ 14) (12) H20 C4 T
S6 LIQ (1.4) (L2) H20 C4 T
S8 LIQ (4 (L2) C4 H20 T
S13 GAS (LA4) (L&) {L2) (LD) H20 C2 C3 H2 T
Si4  GAS (L4) (L&) (L2) (L) H2 C3 C2 H20 T
ACTION CURRENT-STATE TOPOLOGY DATA
E40ON INITIAL DATA
S8: TEMP=> 14
PRESS=> L2
comp=> (C2, RULE-BASE
C3.C4 H20)
3 DRYERS: PRE-OP-CONSTRAINTS
APVAL=> NIL OP-CONSTRAINTS
MIXING HAZARDS
POTENTIAL HAZARDS
Safety-Evaluator Functional Operation Rules
Pre-Op-Const (heck 4 ‘4
E4OIL4 >T N
OP-COND -> T Process-State-Simulator
0K
= 4 /VEG - funcop
Op-Constraints Check IF (U NIL} (S8 (TEMP L4)
TEMP-CHECK OK (PRESS L2))
PRESS-CHEIK OK THEN (510
PHASE-CHECK OK ™™ AR smm s
COMP-CHECK —> .8
E6:H20 ->*UNSAFE"
Bs
Mixing 1 Check 6
@ AR SIMULATED-STATE
EXPLOSIVE-GAS |
“HAZ-COND" E8:
N TEMP=> L4
' \ PRESS=> |.2 RESULT
PHASE=> MIX
m" Hezards ™ CoOMP=> (3 C2 C4 HaO)
- _8 |- UNSAFE,

Fig. 8. Scheme of data flow by HACOPS.

(THE OP-CONSTRAINTS OF (E4) IS ((PHASE GAS) (TEMP
(LESS L4)) (PRESS (LESS L2)}))

==> SAFE
(THE OP-CONSTRAINTS OF (E6) IS ((PRESS (L2 L3)) (COMP H
20)) 5@

==> ***** OPERATION CONSTRAINTS !!! ***x**

==> CURRENT STATES OF (E6) ARE (H20 C2 C3 C4).
==> UNSAFE

NIL

lisp2>

Eakod B Pt 733

(7) A4 el A *operation-list*el] whe} o] zabs A sfals] 5
an, SR A4 ql¥ g zal E4E 7] 53l (B4 ONp| =3k 3
alA e}

(8) M= E49] 7158 °]§J‘ 73 %2718 open-path 72| =h&r}
oil checkel, oAM= o] & utEalA =lo] 2|} 7] Fi &
7hE 7]+ “APVAL™S T2 HH"L}

(9) thg E42] 7] 5ol & o] AuislE wabslA Hof

(10) FAAben 2 li'—*} ﬁ"]ri E69] Adeli= 7]f i*c}" i, e
12, 5% 14, {AE24L (4, C3, C2, H204 & o 4 g}

(D e, 50h A0S A 9 S Creas e
= AR AXA Ha, o AR 3] EO, Bw 7t 4 Alebxd
5 wEep) 9E % - oleh

(12) u}ylu&i ZF'EL E62] _,.]alal—xu 7},‘:/4 o] ¥ ol 115_;_‘6.

8 2ol o] Sol%h SRl WA E T4 B
A AerrAdg ’{J“d?f}’ﬂ wjef, “UNSAFE”2] messages ¥ Ee|vf
Zg3lA o}

A o 45 $A7) dners) 500 E ALl . o
= dryer7} 272 2 dryer®] 71°=8 HEsER] 3 Abellol ] oA
feed pump?! E4E 7] %47 %, A2 2R $50) {?‘__o}g
o WA= F5E ehd, oluf A xele et g
SRR

Marsl Asge zatel 3oh, WA Sol ueh Ge1akA 24el
el WA Lrare] 2 Ak :

& 24 SR o2 A3 4 sS wolFw ek 5,
Arns hgstel A%l 24 ]
wlel & Ao At vhey ARE Aad 5 qldS Hql
& 4= 9igith.

Table 53 3£} ‘5‘3—4 bﬂd BolFul, Fig. 8ol 4= A} AE)
ol +j2} dlele] He]AA-E wAH o2 R e)gict

68 E

ft

2 Ao sakpgel wlga
2&l7] gk AR A2 Nis
2} %%‘:Lﬂﬂ’"’ iﬁ*ﬁb A e
CELREES LR

© O 2ol e F) 4SS AE S Hesl] B
b, wAASE W SR SAMel S Abgalel 9R4S Brlat
of 7o) PPsol¥-3 BYSH: WAL g TEsle] YT
gal el E el Hg3ted FR4E FEeich

B AlzdlE ARgske] 2abel wE g o] el E
T odowd, ofol whE @ 3Ek Bbx] W qA} 23t A ég %" 5

e A

U BA DA 2H 2] ARte] shgahdrt . At

294 2] ek
5}7] 98] M, A S node
} %o] network- °]'%3}°% +4

m',o

2 A
2 ATe BEAAD AH S5 ATAE FHA A5
AEs} AFAES] AFu) AQOE o] FolHen, ofef FAbud
Hek,
k|
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