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A Study on Knowledge Representation for Recognizing
Hazardous States in Chemical Processes
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ABSTRACT

A system was developed that could predict hazardous states for safe operation of chemical plants. This
system aimed to prevent hazards of chemical processes from misoperation before real operation. In this
study, a data base was organized which consisted of all hazards in the chemical processes. The structure
of process was represented by signed direct graph(SDG) of NODEs and ARCs. Each NODE and ARC
have property variables; connected structure and state of processes etc. The hazards that could be
occurred in processes were divided into two classes; one is by operation of unit and the other is by
hazardous matenals. Using Hazardous States Transition Network, we could recognize transition progress
of process states.
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Fig. 1 The basic flow chart for predicting hazardous
states
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Table 1 Operational constraints of chemical process

units
Unit Constraints
Close of flow path
Abnormal phase input
Transport .
i« Abnormal temp. or press input
uni
Oil check
Cooling water check
Input of hazardous materials against
Dryer &
catalyst and dryer
Reactor :
Abnormal temp. input
Extreamly deviating input of temp.
Heat
hanger or press
exc
€ Coolant check
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Fig. 2 Hazardous states due to dangerous materials in
chemical process
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Fig. 4 The classification of chemical process elements
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Fig. 5 Graphical representation of process structure

PATH : 24 471 28 & e 22§ 23

o, tg9 2717} Utk (Fig. 6)

FLOW-PATH : (V1 E1 V2 E2 V3 E3 V6)
CIRCUIT-PATH : (E3 V4 E4 V5 E1)

Fig. 68 An example of PATH

a) FLOW PATH: 98 NODEdA &%
NODEE <43t ARC €.
b) CIRCUIT PATH : LOOP Et%l€] ARC €.
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Table 2 Data structure of a NODE

HEAT-

E0 NAME EXCHANGER A unit name.
APVAL T/NIL The active states of the node
ARC (S1)(82) A list of input-output arcs
FUNCUTIL WATERO Functional utilities
PHASE MIX The phase in the unit
TEMP L3 The temperature in the unit
PRESS L2 The pressure in the unit
COMP (C4y C3,Cy, Hy0) The components in the unit
PRE-OP-CONST (OP-COND 0QIL0) A list of preoperative works
OP-CONSTRAINT (TEMP OVER L5) Operational constraints
FUNCOP (IF--- THEN---) The list of functional rules

Table 3 Data structure of an ARC

S1 VALVE V1 Valve name on the arc
APVAL T/NIL ON/OFF state of the arc
PHASE MIX The phase of the stream
TEMP L3 The temperature of the stream
PRESS L2 The pressure of the stream
COMP (C4sC3,Cp, H0) All components in the stream
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4.1 ZUE HHE A ClO[EL =

4.1.1 NODE® #A8e wlo]El(Table 2)

1) NODE®l W-$3h= #X 3 (NAME) : NODEY
o]2¢& En(n=0, 1, 2:--) 22 AMgstn, 44
A4 EA g

2) NODE9] ON/OFF “Jel(APVAL)

3) 99233 ARC(ARC) : NODE&2¢ %23 ARC
gl2E2 ZWEWS 2z NODEY A2H+=7%
b p2e
((INPUT ARC LIST)(OUTPUT ARC
LIST))

4) NODE<S] 4¥] : NODE® 2%(TEMP), ¥
(PRESS), A¥(COMP) ¥ NODEW 4
(PHASE)S ®A&th .

5) NODEE 71EA717] 943 Atd &49izA
(PRE-OP-CONST) : NODE9 71% 7V54
< sy A AR FuALE
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6) NODE9 £3 3-8 ¥ (OP-CONSTRINT)
DA EYeA $HHE AE Has] 9
g FH-A G} F.

7) 71%44 €(FUNCOP) : Z NODEY 7|%5¢
production rule®] ez Ve

4.1.2 ARColl @A 3= dlolel +& (Table 3)

1) ARC “3¢] ¥B(VALVE)

2) ARC9 7 4% (APVAL)

3) ARCS €] : ARC®l #3412 PAHSE,
TEMP, PRESS, COMP¢] &9 HA|S

£

4.2 7|SALE

71| 4HES NODEY 715 & 493y, 23
AEde] Wsle] wWE T4 e E o
F A & Fo.

IF ((utility state) (input state))

THEN (output state)

AR (related arc list)

Joumnal of KIS Vol. 11, No. 3, September "%



1 % NODE2 4 4e7F IFF-<o =g
9 23, A fFEEEY Jeix IFF9] 4
=1 6}711 g9, 2 NODES &¥H4ddHe
THEN-r°ﬂ"1 F¥8s Az gde AL «Mﬂ
tt. H%9 ARYEE 4¥HE ARCHA &9
ARCZ9 487} duts= YSHAE }Mfzh:}.

7re+3l o 2 DRYER® 71—;—?1 AE2 EA3HE
o}zj ¢} #th. DRYER® 71%& A=A7} A Y=
o JE BEe FEL WEWWJ, a3 R
Ate 48 R0l Jdz s oA
d¥z 2% o e AWp(L3, L2)2 BEs)
i, 982 ARCE S1, £8Z ARCE S20]th
O AzA AYA

IF ((U DRYER) ((St {TEMP L3) {PRESS L2)))
((S1 S2))

THEN ((S2 (DEL H;0))) A
@ AzA AR

IF ((UNIL) ((S1 (TEMP L3) (PRESS L2})))

THEN ((S2 (PT S1}}) AR ({(S1 S2))

AzA AMA = FRo] AMAHIL(DEL
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NODENO : NODE¢] NUMBER (E6 %)
unit-name : ZX ¢ AAFE (FHE F)

sh el oM sts| K] M HP3E ‘%6t on
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pre-op : 3871718 &4A =4

OP-CONSTRAINT : 3371719 34 &4 4
9.

(NODENO (NAME unit-name)
(PRE-OP-CONST!((pre-opl)
(pre-op2))
{OP-CONSTRAINT ((PHASE gas, liq or mix)
{PRESS levell)
(TEMP level2])))

ex) (E0 (NAME COMPRESSOR)
(PRE-OP-CONST ((OIL-CHECK)
(OP-COND)
(COOLING-
WATER-READY))
(OP-CONSTRAINT ((PHASE GAS)
(PRESS L1)
(TEMP L5)))))
g7214 FFA Agzd F OP-COND
(open-path-condition)o] # o|H 2428 ZE A7
A%, 1 847F &% AENAM open-path7t
AfdEo] Qlojot e AGFAL Jehdt
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Aste A4 E FA%
MIXRULEno. (IF CONNECTED-WITH (compl comp2-+)

or MIXED-WITH (comp3 compd-+-)
THEN GENERATE mixcomp

MIXRULE : F3&9| #dsl= EdES &3, F
Zo 23 Yy deE S 3¥3 RULE.
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CONNECTED-WITH : £4z7t9] 3% ®d
MIXED-WITH : 239 &% 3¥
GENERATE : 2 A#2X4 Y= EFE
ex) MIXRULEOI (IF CONNECTED-WITH (H,0 AIR)
THEN GENERATE EXPLOSIVE-GAS)
MIXRULE02 (IF CONNECTED-WITH (S0, AIR)
THEN GENERATE EROSIVE-GAS)
MIXRULEO3 (IF EXIST EROSIVE-GAS
THEN GENERATE HAZARDOUS-COND)
MIXRULEM (IF EXIST EXPLOSIVE-GAS
THEN GENERATE HAZARDOUS-COND)
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HAORULEno. (IF EXIST {compl comp2--+)
AND TEMP or PRESS (levell level2)
THEN BECOME OCCUR or ARISE (situationl)
AND IS-A or A-KIND-OF (situation2)))

EXIST: 829 &4 A%

BECOME, OCCUR or ARISE : ¥ Holg &
a

IS-A or A-KIND-OF : 3] A<

situation * &3] 7}A] ¥zl AULe g s
B AR

ex) HAORULEL (IF EXIST CH,

AND TEMP OVER L5

THEN BECOME DECOMPOSITION-OF-C,Hy)
HAORULE2 {IF OCCUR DECOMPOSITION-OF-C,H,

THEN BECOME EXYHOTHERMIC-REACTION)
HAORULE3 (IF OCCUR CONDENSER-ABNORMAL

THEN BECOME FAILURE-OF-COOLING-EFFECT)
HAORULEA (IF OCCUR FAILURE-OF-COOLING-EFFECT

AND OCCUR EXTHOTHERMIC-REACTION

THEN BECOME RUNAWAY-REACTION)
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Fig. 7 A part of State Transition Network
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