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Abstract — Recently, automatic control systems have been introduced to improve operability and safety of operations in
chemical plants. However, operations for unexperienced fault and emergency situation depend on heuristic knowledge and
decision of operators. Therefore in this study, the operational decision support expert system is developed to automatically sy
thesize operating procedures for safe emergency operation by using formalized knowledge of operators and recognition of

operational situation.
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2. N AHo| THEf

2-1. S TAEe| 8

T A s v AlAE A% ZEFE-E “equip-
ment on/off X3= “valve open/closes%] @Y =AW= A
o] Ve 2AEw} Aoje) B thaled AgxiE FuAY7)
A $1@ggo] wAEA o sEARE Hualy] 98 Agagn
iy
by B AlAE M= 3 el WA sk o) s AlA Sk
Al Ao ® EAst=t dad 42 Table B Zo] TEste ®
aslrt

2-1-1. 328 93 BRds

slstgA o) S BH9) 58 T olux|Y] FF0] 7FsE oy
A sgo@ Hojuy, ogjgt BHEFY Ao E YA EH5E
o] AlzkE & A2 EAe) A4z (source tankfEye FA 22X
(current-pointy} 7 284 o] & (end-pointg- §&-s] AlA|sled ot gt

meb, ARRAE AN 98 ZEgEe thee] B4 %ol
iRt

Make-open-path fomaterial from current-poin{or sourcé to end-
point(or sink

(Ex) A7gz-127¢ w-¢7]-12 Hydrogerg: 4

= Make-open-path for hydrogen from storagel to reactorl
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Fig. 2. Simplified process structure.
Hamnon ermor & e 28 gAg Tx7ho 2 o] ¥4 9] node
Fig. 1. Cause of accidents in chemical plants. o) grt.
@ #2¥ nodede] ZZUSE “opert T “on’ ZAEIAE AL,
Table 1. Operators for operating procedure synthesis EAs g 1YE ¢ e AZE veplie 220 list'E 238
Operator Meaning T;]' O] TIH! Z‘]I—Z‘]l—'q T":_LE]E]'E‘ nod@ listE ?'}\éépw—i‘ }—Z}ﬂ}}%}’g—% —‘Jj—l:l‘
Make-open-path Search open path for a material 7PEH Q) A S J1RIvE 5, Z2he] ©9) nodes dAARl o=
On/off, open/close Run/Stop a unit, open/close a valve =RAR ol2A s 249 SEARE AU
@ AAFlA 223 listlle listE: TS s 84087 248
Ale] -4 915 Fojdith AR AE 7H 223 M w9e e &
AGz-602ZHE W-g7]-22 CCLE 7Y P E 7= 2B giste] AAEHAR Aol ohet =97t 4
= Make-open-path for C¢lfrom storage6 to reactor2 A s o7t

2-1-2.L=2AE 9% By

A z2r BgAEe oes] AR e AR, 28, valve] 7l 7 =ea) o ikal(searching operatdt) search-nodd X837 1 2w
HE AR o] F= 202 dedh 224 HA-S HB s 49 < - A
< on/off unit or open/close valgg 7ro] YERITE &S Eof, Wkg7] ¥#: Search-node from (link X) to (link Y) by [Valve or equip-List]
oF Mol Tzt BERAge vhga o] vEith o] {4 9] nodé= link XA link YZ1A] 2201 list]=

(Ex) ¥-&-71-1¢] A= et}

= Off reactorl

WH 59 close 2-4, OHH=HE 2[5t 2|8 Alglo| mhH b

= Close valve5 2o Ao waltd $3¢) d-5 o &5 Fof A EA
she EEF 2 e, 2 ARl wE S $HA Sol 2% Aok

2-2. SHEAE 7= Bz=A & Fslsl=A] A=ste] AdE 2o BAAE Hdgt) &, AA

stshE7 9] open pathd] B8 $1% 24 WA= v 2 A9d 22o R Wbl o dEe TR 22 £ - HE 9
zAs A FH3 g slel Fit FA% G L Al 9§ i o aikg B9

83 A AR5 A =Lets GARA] BAM T2 9] ol A7t vt

© 38& TAse BT valves}t AR 9] 271 T8 AdEle A (off) A3 e o] &g gt 34 ARl A Eel e W
Hol AU @& 3l= g8 (closele 7P 3T &, A7) dadls g i3 (matchinggh A3, 5 o] gho] Mz 22 AL I F
98 ©<=5] AR19) onfoff, valve?] open/closg-S 22 s}, A )7 YEsivir 914 s,

@ @A e o] He EE-5 TSR valve?] “opert Z2}o] AR o] SR Helgto g A Ted-E AXE A
=9 72 onye A A, AR AN E2o] THd 7t sbAut E, o] kg Fol MAiStH, $134 s ARREE A
Ue BE ARE st @4E9] (nodel g 2om A e Aot Egdade] gAS FXAIR v, HE 2

@ 24 382 HEE Y BT JhsstEs 583 &, 54 Ztolu} Z3d-g AR of gt AR A5 Asde] s, 2 e
Ao dist 5] G HEE vl AR gAA AR o7 AYEE A, oldF A4S APl nR HANEE 2
2 283  dAe] 24 A FA A7 BEE 24 asof itk BEd

@ AR G2 o5 AHE ARE F T e A E X RE Z2AFRL] A5 BT 25 S88se] dadithd, AAE
8 e v Bl ARE FHFdint EREe BA-E A sk R Y-S 93 ThE B dsh g g st

919 %8 24:& 48474 Fig. 29 2834, {v01(open), v02(open), 3. 2Rl ASEM
v03(close)}} {vO1l(open), vO2(close) vO3(operl} 2= 5 71 <] open-
paths A& T Ut 3-1. A|2H[9] =

B Aol AL HA] RS AT AR Nz

2-3. PH=XE 28t HEEM modeling TEE v 22oH, Allegro LispE o]&-38te] ZAH AT 941, 1)

2730 ol 8¥ Bde| 55 442 55429 @42 93 topology datd] ThHEAE] TESh AR ST AHE 8l B
modeling> th&-3} 7o) gk}, APl (simulatory} 57 21 &] @A) “Fel) & RAFste 2718ksit) 2) |

A s el BAME TR S 4%t 3) 1

© =g shte] 24 2461908 7, 249 380 19 A WAEA B AFH A 2dd BR e At F
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Fig. 3. Blending vessel problem.
18R $48 2RV 4 FNER $A7F AREY 0T, AR po——
1]
H daeEe Aeslel 74 FORE 9 WaH Fu A5 W ool seten

! _ - ~ = ~ ~ Make-open-path for Material-A from storage-al to blender-bl
A} 5) A Fuzgol 499 A%, T 49 A 98 o

gke 2 AL7] (simulatorp| A ol &3 F.of) AlokxA @o] H 2] (con-
straints library® ©]83) FR2%e] A8 Ao wajsjo}s Auk Aok
Az kA, 584, FAEA By AYseR] 1 ofF-E &
Aeted ebAg AS-, 7 FREAE LA 771 6) v F
TEE A EEHR] %2 A, 3)-6) FFE vHE - Agght

current point :: storage-al ==> al

end point :: blender-bl ==> bl

[Searching step)
Search-node from (link al) to (link 01) by [al(on), vOl(open)]
Search-node from (link 01) to (link 06) by [vOl(open), v10(close), vO6(open)}

Search-node from (link 06) to (link 07) by [v06(open), pOl(on), v07(open)]
3-2. 42 B qnEE

2TV Bolo] BT SHY) el AR iAol 3
s

Search-node from (link 07) to (link 38) by [v07(open), v39(close), v38(open)]
Search-node from (link 38) to (link 08) by [v38(open), v09(close), vO8(open)]
Search-node from (link 08) to (link bl) by [v08(open), bl(on)]

e e thEt o] AlAFT) &, 23/ (goal situatiord]
= 3 03 A= E EFAF O)E =3 A& = gtAs = 7}
o dad4ns @A) 59 7hed AR 25 W 5, A [Searched open-path and operations)
7Vo] EFAR AoE ZoA] oFArSFo] BrAlE] ol A o] A=E
o) B ARS oM A9l WA B HHef BRE Path :: (link al) (link 01) (link 06) (link 07) (link 38) (link 08) (link bl)
Hejgith

Searched Operations ::
[{v01, v06, v07, v38, v08} all open]
[§{v10, v39, v09} all closed}
[{al, pOL, bl} all on]

Step 1.84) 22 5F0] A]Z= = poinE “current poirtz &2
o] Fue poinE “end point® A ]3IT current pointl X3HE
S5k ddik7)(search-nod&t 2Tt

Step 2:27% search-nodd 2] From A to B &2joA] miAe =
Zdel o8] ddE ¢ = U search-nodg HHASTE

Fig. 4. Results of searched open-path and operations.

Step 3:37A% search-nodg wFAEF At d¢] end poingl A=t AR e 2 N $5-5 A9YsheE 2122 open, close, on, off %o
=715 vt dAEE Bl S8, YAHA] gow I thE 2 FAH gl o3 AP A9 e E ety 244
search-nodg &gttt 219 g SEA thed 22 LAY AR-S MRoR ¢ Aokx

Step 425 AABA] B A9, A5 EAE nodellA] 3H9) node2 g A8
THA] BA-S ghE gt

Step 5: go to step 3 A1) vPddde] S 248 2 $dHE B9417)7] 9

gk 9] WH-e AAEEY] SANECIA HAage] 228 Hete] B

Fig. 34 AAE 53-8 o2 ol e 28450 e4-s Askz Aolt). o] WAE AR A AelAZ X9 22 g <k

3l AZ§A algorithmé: #8514, Fig. £} 22 235 48 At A A 8] ST 5LE Brole ad 24 2EsA g
[A1%Fx712] Pumpt valve ¢l ti$h 2x1dxlof AAF7g ] 224

3-3. Mt=7ig 0|88 2XEAt g4 oA 7 oAl 22 dEg)
TAFE g2Xdee] vzt JHe X9 vavel tiE 71, <Rule 1> Pumgl 7}s-& Y A2 2E valve?] openz

stst=8t w39 15 20014 28



Table 2. Property variables of unit

Properties Attribute

Temp Temperature of material

Press Pressure of equipment

Phase Phase of material in equipment

Name Equipment name

Apval Operating state

Exist Existing materials in equipment
25 sHge,

<Rule 2> Pum@l 7152 813 5247 799 t}2 42" 2]
WAL ER] B51A| s valve?] closeZA5- 71s-gttt,

<Rule 3> Closéd% 9] valvezz-& open™# 2] viave &7 &
Az},

Fig. #1A] H32339
Hekxd 212 A4-35)e
A8 wkA s

HekzAL A4] A2Edx] gaF Axkel HA TA o] 22 E

ofd
o2l
1o
g
i
b
B
3
lo
il
e
&
X0,
s
Ei
=

Hlaste] Aol Ao & tld-g WATHFig. 4).
AFz72 18] 84 F4 389} vlwsle] A9iE 84 sequencd
Al Az 29 A 7HK) B2 Fe-3h

[vO1(open), vO6(open), vO7(open)] before pOl start {2k 148>
[v39(close)] before p01 start T 258>
[v39(close)] before [vO1l(open), vO6(open), vO7(open)] are operated
s o<rd 358>
[v39(close), vO1(open), vO6(open), vO7(open), p0l(on)]
i R R b

3-4. 28N WIS st HME mAf

PAE SAFAEES o] &3l 77t ERARES 2N Wt
o} WelEw S AR AE sk el BAE Ay
ol o] YFHFE AAsNF g} £ AN E 7 BEXdFe) 24
Alel] B = e HPE A5 e BAEF BAPRES o]
sto] Aol o] g %@%EH-‘H HelE BARIE &, IF-THEN &
(rule)yg At 29 IFFate] @A 7920t dXehe A=
& 2] THEN 328 éj%gs}oq o o4 w3 (matching & 2] §1

b AR P 33

& WA ukE Aesied A mAR g o) AeEshs 7t
A ¢ &AW (property variables)l 2= (temp), $3 (press),
(phase) A= (name), =28 (apval), A= o] SA8= &4 (exist)
2 Aelxo] #7Fdri(Table 2).

Heold £RFEA Ao A AR o] SR AA
Ao FHalE A 2, 245 HUE 249 S0 249
BHE AE &, 22T Hald oA Sdue foew 39
WL o &3

4. ME0|

4-1. CHA&3E (Catalyst Reactivation Process)

Aed 2L 4EEZA hydrocarbon] ¥H-4712 H5 <] alumina
Zm}¢] chloplatinic acid actioll £]s)] ¥+-3-0] o]Fo]#] #4]5 hydrocar-
bore] AAEE oIt 22y alumingrie] d=ov 4= Q1
of Sl Zﬂ s 7WOW iz A7 W the Qe
171 &, &7 1ie] Sl 8-S fal w871
£ hydroger®- = #2]8kaL, AkaR 224 Z0)9] carborg: B1-9-2, CCly
rechlorinatio®. 2 &1 A& A3t 282 v 98 g7 =
15171 913k A== YArk(Fig. 5).

AN Ea 7] o] AUE WE 5K Bl vl AREke] WAy
IS Wl vheF 22 EiAA8-S $g B8 e

Hydrocarbon
(storagel) 14 26
19

2
>4 liydrogen

(storage2)

3
TP atural gas
(storage3)

Carbon
Tetrochloride
(storage6) 2 2

Abnormal Situation due to Catalyst Poisoning

Replace abnormal -unit

yﬁym -unit

Control of Control of
substit7e -unit abnormal-unit

Control of raw-material-flow

substitute -unit Off into substitute -unit

abnormal-unit Off

Purge operation

Open outlet valve of
abnormal -unit

Control of Inert Gas flow
Fig. 6. Goal tree.

Operation of
raw-material -flow

Stop raw-material-flow
into abnormal -unit

Open inlet valve of
abnormal -unit

4 24 23, 9
Inert gas e
(storaged) %
5
Oxygen
(storage5)
Fig. 5. Catalyst reactivation plant.
Utility regeneration
Control of
regenerating
material flow
Pressurizing operation
|/ Control of
Close outlet valve of| Regenerating

abnormal -unit material inflow

Stop regenerating

Close inlet valve of material under flow
abnormal -unit

HWAHAK KONGHAK Vol. 39, No. 1, February, 2001



34 Qg - 7 - et

@ A7 = hydrocarboES-2 thA)A71t} Zaf A B AR AREE XA T 2YAke AEA A
@ ol 4ke71 2§45 hydrocarboEE-& SAA171th 2 AE3, Fig. 64 2L AFTEE /e BRERE 7T ¢
@ o]’d5k&-71= hydroger® -9+ hydrocarbo purget] 71 F, At} 2, Zuje] FEo7 A vlAAL AdFte] AT AL Jig qt

hydroger®. = W-8-715 71513t} 5719 FnlE A 8] ag AF ERES BT AT e
@ BH3NE 7 1517 e ddAE dAst)

UAZ] &, inert gag purges sk AR THL EAo) T AFEAL A
inert gag&. &AIZIH
® CCLE FrYstd daxg g A3t Al s HUANA & 4-2. @t
o1} =} )

v E Ay,

=
©® Inert gag Tl FYAIA A48 CCLgt A vh712 et EEHY 58 UAAAZ ZAT F, oA S AXATE Erk
@ %7 7%, natural gag hydroger®- X1 = 5943t} g B 3o B B Og 55 Al E fEiAE A=
Hydrogerg 91871 & 538l WiZA171 ¥ hydrocarboB.5- AFH IR 9 EMANEA-S £, AEoR Qg AENES
Ae] &2 HAAZIC AEsle] BEAEe) 9AS 98 ARs g okt dF o,

Table 3. Synthesized operating procedure

Sequence of goal states Off/Close operation On/Open operation
On Reactor2 (r02)

Off Reactorl (r01)

Hydrocarbon Make-Open-Path from storagel to valve26 (v14) (v01 v26)
Close valvel4 of Reactorl (v14)

Inert gas Make-Open-Path from storage4 to valvel3 (vO5 v23 v06 v25 v27) (v04 v20 v13)
Close valve7 and valvel7 of Reactorl (vO7 v17)

Close valvel3 of Reactorl (v13)

Open valve7 and valvel7 of Reactorl (vO07 v17)
Open valvel3 of Reactorl (v13)
Hydrogen Make-Open-Path from storage?2 to valvel3 (v03 v20) (v02 v25)
Close valve 2 of storage2 (v02)

Close valve7 and valvel7 of Reactorl (vO7 v17)

Close valvel3 of Reactorl (v13)

Open valve7 and valvel7 of Reactorl (vO7 v17)
Open valvel3 of Reactorl (v13)

Inert Gas Make-open-Path from storage4 to valvel3 (v05 v23 v25)

Close valve7 and valvel7 of Reactorl (v07 v17)

Close valvel3 of Reactorl (v13)

Open valve7 and valvel7 of Reactorl (v07 v17)
Open valvel3 of Reactorl (v13)
Carbon Tetrachloride Make-Open-Path from storage6 to valvel3 (v20) (v06)
Oxygen Make-Open-Path from storage5 to valvel3 (v05)

Close valve5 to storage5/Close valveb to storage6 (v05 v06)

Close valve7 and valvel7 of Reactorl (v07 v17)

Close valvel3 of Reactorl (v13)

Open valve7 and valvel7 of Reactorl (V07 v17)
Open valvel3 of Reactorl (v13)

Inert Gas Make-Open-Path from storage4 to valvel3 (04)

Close valve7 and valvel7 of Reactorl (v07 v17)

Close valvel3 of Reactorl (v13)

Open valve7 and valvel7 of Reactorl (V07 v17)
Open valvel3 of Reactorl (v13)

Natural Gas Make-Open-Path from storage3 to valvel3 (v02 v20) (v03 v05)
Close valve3 of storage3 (v03)

Close valve7 and valvel7 of Reactorl (v07 v17)

Close valvel3 of Reactorl (v13)

Open valve7 and valvel7 of Reactorl (v07 v17)
Open valvel3 of Reactorl (v13)
Hydrogen Make-Open-Path from storage?2 to valvel3 (vO3) (v02)
Close valve?2 of storage2 (v02)

Close valve7 and valvel7 of Reactorl (v07 v17)

Close valvel3 of Reactorl (v13)

Open valve7 and valvel7 of Reactorl (v07 v17)
Open valvel3 of Reactorl (v13)

stst=8t w39 15 20014 28



storage@llA] reactorP-E CCLE +%dt=H a3 S542E5 A4

Al

=

=

4

71e AR L ofefet A

[ER7x 229

Search-node from link01 to link14 [vO1(open), v26(close),
Search-node from link01 to link26 [vO1(open), v14(close),
Search-node from link02 to link25 [v02(open), v03(close),
Search-node from link03 to link25 [vO3(open), v02(close),
Search-node from link04 to link20 [vO4(open), vO5(close),
Search-node from link05 to link20 [vO5(open), v20(open)]

Search-node from link06 to link13 [vO6(open), v25(close), v27(close),

v12(close), v13(open)]

Search-node from link06 to link27 [vO6(open), v25(close), v13(close),

v27(open)]

Search-node from link25 to link27 [v25(open), v20(close), v13(close),

v12(close), v27(open)]

Search-node from link25 to link13 [v25(open), v20(close), v27(close),

v12(close), v13(open)]
Search-node from link13 to linkrl [v13(open), r01(on)]

(2
Goal states ::
©_0)

H

= Make-open-path for CCl4 from storage-6 to reactorl
Current-point :: storage6

End-point :: reactorl

entering CClo reactorlabnormal]’dsk-3-712 CCl,

Search-node from link06 to link13 [vO6(open), v25(close), v27(close),

v12(close), v13(open)]
Search-node from link13 to linkrl [v13(open), r01(on)]

gaA =2 1 [vO6(open), v25(close), v27(close), vi2(close), vi3(open),

r01(on)]
AA5723H  [ro1(on)]
FAE - R=[v25(close), v27(close), v12(close), v06(open),
v13(open)]
A7 AE, £5oR A3 HF Y-S AAE BARE o
[e]
(<)

fate] A2 F, ] WAER] B AoFRaS o] 8d o4l
293 S A gste] A AE 83k oRiSF Z i (Table 3).
5d &

= 2AEAE PAE] Hel

2 QoA Al R A e SE YRR B4
29749 RN TR A4S AP}

SRR A5

v14(open)]
v26(open)]
v25(open)]
v25(open)]
v20(open)]

35

Qs Az 4y
909 SRS G T
ZYAL AR A2De AL NG 2D S A
2 AT F ole g A2

R E R
gA $RAEAE AL

29U 5 U BT, AAOR 3

SE R

o gA=AL AN 7] 919 Bad HHsp1g, 222 urk 74
591 sel3 o) QP WILE 9le) BT A o] 2%} AEI} A
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