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Abstract - Expert system for automating HAZOP analysis of batch processes in

management, PSM) 7|%4% HAZOP ¥4 7]

gHES st Holn, A

contrast with continuous processes must consider the discrete variables such as time
and sequence. So in this study, we have developed the expert system for automating
HAZOP analysis of batch processes to analyze time and sequence on the basis of the
relation between discrete variables and continuous ones. Because these variables can
not be explained by the method used in the HAZOP analysis of continuous processes.
The proposed expert system have been discussed on a Latex batch process to evaluate
its effectiveness.
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2. AN2” MR

2 Ao ALy ARV Aa¥e 949
2 E(input module)e AtEARR doF AlSA
AEH O AE T3l P9 FX o]gE A Y
g £ UAEE dAY T Y(frame)E AA3}
o F31, 29 2 ES(output module)& ¥
9 ool d¥ HAZOP #4& 884 >
® 993 #3g AgANA 2PHFE 9%
- & @o(Fig. 1).

2293 if-thenB L Al88o] olgol
A8 2AQ(line)§ Fohln, AR EF AME3
o ol g HATA7|nZ HTF oG G H}e
e F33in, ojd x4 FHojue o
A RA9 F2 do]E(topology data)E ©l&
3o P olgol Ui UV ARG FEH
o Apgzlel Al A F et

A A ule] 2 dwrAel-. =4 (generic
knowledge-base)® F3 =4 2] (specific
knowledge-base) 2.8 Uyo] @#EHmn=z g
FAd) AHg877t Loldde FHE 7HAY.
durAel e Yutd FXE olF A4
(generic cause-consequence data)¥® FX &
A A4 (unit class) & 749, ¥F B4 A

3. 3§ 89 HAZOP sHH Xt

B Asde ogin e ¥y HHES
AH A HAZOP 48 ¥t

(1) AHgates 4 740 EAsles o9
9] Agl(step)& AMEY o del9 #AA
(unit)oll oj& € BAANG,

2) &< 79 B(ule)g o) 83ld, ol
o] A% FANE T@n e AL
&},

(3) #AY Y oldel AjHtime)olY AldX
(sequence)2] ©l¥elA g UudH, ¢d A
Ztol @@ ol"old Aol A(transformation
equation)& ©]&38ld d& W ojgR
dolAZl t}g, Holg d& ¥igel ofge
Ao g HEdlo L FRE oldg A
A gty olgo] Alfxc] @|E o)g
4 A%, ANEzx  vEHA(sequence
network)ell Al ©h& WAle FAHELE @AFH
¥, MolAg o]fEld Fd Wo o€
HolAZ o}, Held d4 ¥y olgg
At HEAA g FA2 HGAZI
A AfEAd B/BE ojgo)opd HE
5 3B ’

2le EA dolE(material data), P&ID, F3 (4) Aol 2ol AT Alfze B
o] 34 Ael@ el recipe, TH BA oY oldel Uz AAF YUY - dF Z Yol
] 4) (specific cause-consequence data) F& 27}#c} o
7H3, ‘
' [ User Interface :]
H i
input module output module
deviation Causes of deviation
[ (step, unit) [ Conssquences of deviati
H 1
inference sngine Work space Knowledge—base
1.Method finding line 1.Find the line of input unit 1.Generic knowledge-base
2.Method finding 2.Transform the deviation Generic cause-consequence data
[ causes of deviation, ] ; 3.Propagate the deviation i} [ unit class jl
consequences of deviation 4.Find the causes of deviation 2.Spacitic knowledge-base
3.Method propagating 5.Find the consequencas of Specitic cause-consequence data
deviation deviation material data, P&ID, recipe

Fig. 1. Architecture of expert system
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(5) 2k 9] olg M WYL APl
Ag WEe dEEZGE FZFA(terminal
unit)2 43yse] gleng FAYA Wgow
olgg HuA i),

6) olge] A Wgo] FAAANIHA, o}
& BAZ olgg AAAY Og, (NE $
gala, B A% A(source unit)&d, u}
2 4 FAR olEg AgAN °dg, )%
e gt

(7) olgg Ay we B2 49 Ay
4 teA R E Gy Y Y A
g7t gAo] &, AAujolxoA o]ge
238 A3 ZE Yol Frten, 2g9A @
o9 o FAZ o|e g APAZI

(8) olgg AT we Fx) Y Ao
2 7teAd AFE wdso WY 9¥ A
7t 2ol 3P, A ujol 2o o]gg]
LI & 94 =z Yol F71etn, 28A @
o8 g FAZ ojg g AgA

9 °lgg An e AA Fog
(key unit)7tg @ddtd Ud Fa3PA)
oldd, A&#HA g AA2 oy AR
AIZIEA gag olyge Az - 9L 9

A -F3 ZH Y Frhgn

(10) ol&g Adx we FA7 Faxaed
H 71% YlE9 A(functional network)ol A
gl zaAHE e dd 2ZHe
gl EE JM%.

(11) 29 &4 |-F & wdsio @44
gele] uod, 2 eijle) AA%R - 2R
X2 olgg AHd:, (5)8 |oIA B
A3 wEdta BE olge A . AL
& Lia= 3

(12) 2of gHg ele] gidd, olge
Hup 3ol L2FAQR oldAE BEY
tholge] sl wate] cEFEZLS FE43
2 AdAEHe] U

(13) ojge] #Ax uhgko] AxAAEW,
HAZOP #4o] &8HALTL Ysla 38
E 907 FHE AHEACAA AAG F o
2 oldo] g HAZOP £AM +3& 43
WA Elo] Eof Zoth

(14) ol&t A3 wafo] L2375t olrye}
9, oolg Ax 9ge LA2PA2 AMAY
gl olge] WY FA2 HEIT F,
B)E Eol7tM & HA L ukyE =y}

4. 332 B8 Wy

41. 87 =9 B

& AFY dAFAL Latex AR FAHoOZ
AAAANA ZHA ALEHIT U AYHQY 3
+4 #3022, Acrylonitride(AN), Butadiene
(BD), Styrene(ST)$ %< monomerE3 2
29 Y chemicalEol #3 FF N e
AP EHER o857, liquified NHzZ2 2%
& AMj¥ckFig. 2). Wg Toz LxE:
85T ©l3, ¥4 50kg/c'G ol8t2 FA ok
Lig= 3

T3 FRE Fa%A F4Hez BAY F
o 289 gt A=A (unit), FolZ(pipe), F
RFANER FAH UAE SAUEZ A E 33
Z, FAE FA FRE FAEE YA
otk Ar|M, F8AX = e & 2HE FA4
g, 2 WM L2 FAARR H
g P& FAE ¥ Qe FaH
X E Abolo EA3e ZE AAY Tojixge
A¢E 2§}

Z YR1E BA, golZ, 8 FA2 FAH
of led, & FA HEEL 3§ ol
(reactor-1, pump-1 )2 7}1xzm uch =%
2l geiMel Fx Yxg HEES s o}
% FE PP S AL ARG F G
A9 £4¥ez HAAPt FAE 0000
o2 Hygsed L F AdE 29 wiE
vehllz, YeA] £ Ade addde AA9g
HXE dvebdd HelZE 00000000
o2 899z YyHEd 249 u Ade Uy
A (inlet unit)e) WNIEE, Jojx] 4 =Agye
29 FA(outlet unit)e] HEZE veiyg, F
8 FAE, a2 FATE 22 A2 ALEHE
2N E L YEl = source &4 (attribute)d
=7t FE X2 AIEHE AUYEL e
T terminal £48 7FA 32 9l 482 Latex
FA49 ¥YFA KPS charging lineg o)zl §
Yoz BHEY & BoFH(Fig. 3).
o]> KPS charging line: LINE #05

unit 0502 : LINE #052] & wis 4z
pipe 05010502 : 43 #A A2 unit 0501, &
3 A2 unit 05028 7 44 #3A
unit 0504 : source attribute = LINE #18
terminal attribute = LINE
#01, LINE #05, LINE #09, LINE #11, ..
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Fig. 2. Latex process

Dovlatlon
Key umt Key unit
unit pipe unﬁ pipe unit pipe - unit
0501 0501 0502 0502050 0503 05030504 0504
s,,u',’(',’.'"?é&i«'?é({efr?é """"""" Fault ™" T F ;'Jni"'»"""f'.'}mm‘,
propagation propagation propagation

unit

source : LINE #05
terminat : nil

unit
source : LINE #18
terminal : LINE #01

LINE #05

LINE #09
LINE #11

Fig. 3. The presentation of process topology

42. °|o] £ 9|3 (Semantic network)

ool YEHA 7Y AN (object), 7AE, Ak
4 58 Yl “E(node)s} =EE A}olg)
BAE JEIE ol M 4L Y3l 7
Holrh, ¥ ARME JIFUEYZY AlgA
Yl E ¢} A (sequence network)et= F 712 9ju)
HEHAZ Y T4 4% A# BAE B
Hilg H FAo @ olgde Ay FEd
=& 3.

A A 4 FARY &aAA AR
48 JeidlE o) YEYd3E dea ge
T4 848 7HAY.

- Steps : FAH9 Al@2d wg FEREE F

4 HE 77
- Nodes : A&, 248 #A4%

- Relations : 33 =513 ¥4 #AE 4

3 g},
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FAEA ddll2M Latex A= FAH9 ol
YENIE AAAFor(Fig. 4, £ v
YENZAAY ALgHojAE relationE2) A 9
& A &AM Table 1).

71 WEHNIZE A deHdA & A3
o 7153 U BAF v vEHaZ X
A% Aoz dga ge 34 448 JMAch
+Key unit : 219 & 23& F43ld9, 2
QWA 22X FAAA 8L 3
e 3
-Line : $8FXE FHez EM FH9
3o el FEHo L, AR, Ho]x wWH
2 F4H gt
- Relation : &AEZ} FaFAEN Edx
do zE BAE FEIT.

FHAQA Y 2AM Latex AlZ FAHY 7%
EHNAE AAN3E o8 goHFig. 5.
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NaOH chemlcal ] b moving step to  |.D chemical
s| storage strorage step| ¢ |chemical make-up make~-up step
step = ybo
A b m”'k N moving step
B0 b 80 make-up step 10 surge tank
refinery storage b b 5
slep step inftial W
a charging step’ b
initiator ) pteheating
charging step
oo initia! polymaerization b 21ep
step increment [[NH3 input
NH3 charging step{| step
vaporization 7eaction
X0 Step short stop step
NH3 | b — _ d

stop 1 eaction stop

B moving step (0 | ¢
8low down tank

Fig. 4. Sequence network for Latex process
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Fig. 5. Functional network for Latex process

Table 1. Relations of sequence network (matrix)2 Yetie] 39 2§ % & et
Wk @ #HAue #3974 - s(open -

Relation Symbol Definition closed) A H& vjE DEN- L}E}‘ﬂ Ro 2, 2}
Abefore B| b l:u: step occurs previous to Bl olo] & AFEl(open)E Q) o] EH &

: . - Bo] Q1&g Yehim, 28 Ael(closed)= 2
Aduing B | d (Asiepoccursduing Bsip | o) fof g4 BFo] 9§ & ELATHTable

A step occurs after B step ~ -
A overlap B o happens to be and A step is 2). 7&5" EI]A\IL]—,: %Ug—'l-& tﬂo] Ei(topology

completed after B step s data)el ol&fl AAE A AR FXEY ZAY

completes. Aefjol g ARE HoFH(Table 3).
start s |Step starts.
finish £ |Step finishes. Table 2. Line recipe (per step)
te
43. 23 Fxef A H(recipe) line SP | AA | ST [BD |NHs|Latex
2} 29l ¢l Al H(Line recipe)st & & AA Charging | O c Tclo C
919l Ax # Al J(unit recipe)d WEY 2 Reaction C c 1T¢cTo C

C: closed/off, O: open/on
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Table 3. Unit recipe (per line)

. line 1, 10101 [u0102{u0103]u0104) w0105
umt

AA line open (o) (0] o) 0 C
AA line closed C C C O C

5. Fxle| A& 3HUnit classification)

€ A7 E BAY $4& TH WA
o FA AU A2 Ao FHo2 ol
AzHez R P

T4 WolMe B ¥ dE3} & 5
7t el A2 e EHEACL :

€39 zg

(1) 223 (source unit) :

PECER S

(2) #Aloj¢Al(control unit) : +F, AEFLR2
FEEHD, Bd9 BES Mo AX

(3) 2% (terminal unit) : B9 EFo|
By 3

4) ¥4 %A (transfer unit) : 524 89
227 d& 3

(5) 83 (key unit) : A9 ¥ EHE&

TS, &d Wiy L2FAY FE
A 4¥E Yt FNE Tt

6. ol4 Xl 4&|(Cause-consequence data)

6.1. Yutx{ol o4 x|4

2 d7fMe dd FAA s @E
e L{ET A0 g R ol A
A EE FRIASNN Aade] FAHE Bk
At

YutAQ oA A9 FYrEe £4 WS
2 cause®} consequence@ 7Rt} causetr Z
olgo] ¥ FAMAHA YASE £ 4% 7t
A}k, E£3, consequence® HA] ztz olgof
A FARA FAAEL 4%z A,
oS gt oy Ao A Fejxg
dzA Fx W A(pump class)E BA It}

<§1> pump - cause
no flow : X 2F F2|
less flow : §X & (leak)
more flow : %Y ¥ % (pumping) ...

A7NH, "I %F FAhE cl¥e A4
¥4 “no flow"E olgE wANAY. & ¥
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= 39 Rl ANHD Ys FANH “no
flow'she olge] WAIslo}, olgo] Uiy
W, 99 o4 AYoRH “§IX
FA"2E ool o] BAN S ALgatel A
Axge

o]2> pump - conseguence
no flow : 33 Moz AY PY= uA,
. NER AP Y= &4
less flow : ¥ X AR AF &AF

oq7lM, 3 A= AFHD Y WZo
“no flow"2t= ol@o] WA, “FHHoz
AY Y=o Y3 FEd2 A P &”
ol2gt= A7t HAZOP ¥4 4 ARz A4
ol Al AA A

62. 23 54 ol4 x4

Fale] wixle] w@E FAY Fzo AYgg
U o]l AHEE TAH B4 o4 AYaz
A 3o A A&}

FTH BA o4 A4& MSDS(Material
Safety Data Sheets), Al¥& 99-"3 do|
El(sequence cause-consequence data) T2
FA459 Ao A FHol HdFE HFPEL
a Bde 54, ¥44, 3¢ ¥4 59 54
€ Hx demz Y A%e LAY F
glth. MSDSE ¢33 Bae E4Hoz Q3
SAY 5 3lE o4 A4EL S B2 &
A diolg 9 JFMojr},

Al HA-FH diolEE FAHY Alda
olgz U FAY F 3 ol Yol A4
ol gt g FAH 54 oY x4y 9
24 cooling stepd] AAE ReF 2 it

<> Cooling step - consequence
Cooling step left out (cooling Z2+ A
&) : reactor FY(LY W)
Cooling step too late (cooling %%} =]
Q, HE8Y - AN - xPY 2F) =2
4 ol HERAHNE BA), & B2 ..
7. ol& Ha
olge] HslEg A 3 VSLEL A4 3
+(Q, P, T, .8} Bd<% W(sequence, time)
2 FRIAND, olEs AdE oy HFE
& T 37 e Yoz 3Py

- 26 ~



84 33 HAZOP ¥4 zFshd f1¢ &

7.1. ¢i& wio O]@ Fn

XS B3 48 2AZ(SDG) 71l o)
29 APHo] g ojg FWs} o]FojAY,

<Propagation equation>

T = f(Tin) 1
L = f(Qin, -Qout) (2)
P = f(L, T, Pin) 3)
Qout = (L, P, Qin) 4)
Pout = f(Pin, P) (5)
Tout = {(T, Tin) (6)

AgAE FHEAFZ] HAM spels HE=
“less"E “-"& “more"T “+"2 UHNEHA ot
Aol oG F7] AT G2 (204 & 4H
# 29, L = f(Qin, -Qout)& W7, &3,
2710142 #dlevel)S FYHE FA9 #
&3 F&EHE fAM9 K4 Aol v#HEE 9
vl gt

7.2. Sequence®} time2| O %

AMgae A olge WA AH2x HE
A20A o} g g9l gl HAH A
open¥ ZANEL MY F, J% VEHAY
A olgdo] By Aglo] 2l I¥E Ve F
SANE gyF agn UM ojge Heoly
of 93] 94 WS 9 olgE AHoAY F Aol
¥ 94 W49 o)lgg FaFAo) AR

A& WEz2o Holg ¥ AL I
(mass)8] 3 &of) W} M 299e2 <H(heat)s]
38 wet 5 29eg BFIn, 2 A
Ay Molalg At A7A, v/ 715
449 stepd g YVEIEA(F, ‘charging
step/reaction step’& charging step &l
reaction stepel APFES YEdY). EF,
transformation equation® A §A1717] §& 7+
ol = 'too late’}d ‘less’'s= ‘-2 'too
early’$} ‘more’ & '+'2 AN HA o}

<Transformation equation>
D £d9 380 wet A 2oz FHEH.
- Charging step / reaction step : Q = f(s),
Q = f(ti)
- Reaction step / reaction step : % W&
7 F9 99 SR JyojA
A 2aug T = f(s), T = f(ti)
B. £94tg : -T = {(s), -T = f(ti)

7t Nad A

- Reaction step / discharging step : 39
W F4 9gd AR Yo
A 2dutg T = f(s), T = f(ti)

B. 9w -T = f(s), -T = f(ti)

@ 99 Egd et T 24902 EFE

- Heating step : & steamo]} A712 4
FAE 1A 7= DAl

T ={(s), T = f(ti)

- Cooling step : coolant2A FME cooling

Al7lE @Al
~-T = f(s), -T = f(ti)

Aol4le] ol ¥F7]1 H3 Rection step /
reaction stepell “step too late"7} wAUE
ASE d=A A9 22 U9g wged Fe,

L T =

Initial reaction®fA] “step too late’t= FHY

cooling Al7+& AAo)BZ less temp.& T

Al7l, §E 989 7%, Initial reaction®lA
“step too late”"= FHo o FF Azt Y
olmz AAd] FYsojof¥ 4B TF 9%
o] atoldlA F#Ho] YOEEZ more temp.F
g zie

8. HAZOP &4 Al¥ of

R4 AL A% HAZOP #4 #-¥3}
A|2Hg o] 83 Latex FHo) H{a 8
ok B4 #49) “step too late’2lE oY
o} “initial polymerization step”olA A& 7
2. Q = f()gte oy Aolyg HEANA
“step too late”olgtE HQH WAFE “less
flow"ale 44 W2 olgx Helrz F,
Al A dEf2gN 4d 298 g43ld 2
2¥e] Fade olgdg HAfAFIch oA
B4 W ojgo] d4 Wiy ojgz A
olFgong QA4 Wy olg An WF
HEAA LT olgg A ZdS Y
4 QUtHFig. 6).

tjgog olge HAHAE naAd Bz o]
go] HAuelAg e Hol4 Q = f(s)F HE
AlA “step too late” EEE Wy olgd
“less flow 2t 9% W olgz HolAZ
¥, APA UEYFA “before” relationg
AR 24& gMdte] a2 249 FRA
olgg& AN T F AL MF9 olg
Ag PP HEAH RE oldo W =Y
dg A
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Deviation :
Step too late

- BN

Find the betore step

Daviation : I:mal‘
Step too late charging

step

initial
polymarization

Find the next step

Reaction Deviation :
step Step too late

step

Find open line In
plocess recipe

Find key unit

Reactar {{line #1. #2 #5 ]

Find open line in
process racipe

Find key unit
tansiotm devialion wi

*Tvanllorm deviation with

transtormation equation Propagate
Q = s) less flow in
the Reactor

Fig. 6. Deviation propagation in Latex process (in case of

too late’)

transiormalion squation +

transtormation equation
T = t(s)

Propagate
tess temp.
in the
Reactor

'step

Table 4. Comparison with actual plant data from HAZOP studies carried out at Latex

process

Results of HAZOP analysis in actual plant

Results of HAZOP analysis in_this model

Reactor leakage.
The malfunction of set point.

The malfunction of sensor.

Cause Consequence Cause Consequence

No preheating for Increment polymerization |Initial polymerization Polymerization reaction is
increment BD, reaction is delayed. isn’t carried out. delayed.

Mix-monomer No Preheating for increment Wrong Latex concentration.
charge. BD & mix-monomer charge. {Making residual products.

Decreasing in yield.

2 AFdAM AAE 2dE HEAH 3y
¥ HAZOP B4 AFE AA 230A 4%
HAZOP 24 ZME ¥ ¥Hszn glon,
FAez £y HAZOP £4 Axxd ¢
Be 24943 AAE 38 4+ UYL B &
A H(Table 4).

9.8 &

€ A7l Atd HEY T HAZOP
BY AEZ Al29e ot dsEN Q4 9
T8 BAE o183 AEY FAY timeH
sequence & FPUG EH o} ¥ g
WA ol Y AN FH FAY o) AN
2 v F, A ol Ao AN Ay
Mg =8t A2 FePo2H A=
dol FE4E ¥R Al HEYag
7I'5 HEfARE on YEHA NUE AHE
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o did T &2FHA A BAGAH
713U AR} wAE BEsAYL AU A
7t MA¥E Latex A FAo H{3od 2
AEAE ZEY @3, uo A4S HAZOP
A7/ E A¢ F AU
daogd
"HAZOP training manual”, Technica Inc.
consultants in Engineering and Science (1991).
Kramer, M. 'A, Palowitch, B. L: "A
rule-based approach to fault diagnosis
using the signed directed graph”, AICHE
J., 33, 7-13 (1987).
3. Ramesh, V., Venkat, V.: "Experience with
an expert system for automated HAZOP

analysis”, Computers chem. Eng. 20,
S$1589-S1594 (1996).
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