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Abstract — The analysis of discrete variables such as time and sequence in batch process can not be explained by the method
used in the HAZOP analysis of continuous processes. So in this study, we have classified the operation of batch processes into
charge, reaction and discharge step, and have propagated the deviation by using propagation models of each unit. And we have
developed the methodology for HAZOP analysis of batch processes by using the causal relationship between discrete variables and
continuous ones and then have discussed the performance of the methodology on a latex batch process to evaluatesss effectivene
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Table 1. Step classification Table 3. Process variables of HAZOP in batch process
S Step Process variables Symbol Description
tate
Charge Intermediate Reaction Intermediate Discharge Continuous variables Q Flow rate
Pseudo continuity O 0 P Pressure
Discontinuity 0 0 0 L Level
T Temperature
C Concentration
Lhurge ol Drescharge Discontinuous variables THi Heating-start-time
e " THt Heating-stop-time
TCi Cooling-start-time
LT Thon s [ § Dk K 4 Dwitation OO TCt Cooling-stop-time
1k . . ' TAI Agitate-start-time
- - T ke s TAt Agitate-stop-time
[EIT} -|--.: i ..-- [ .r
Pl 4 ke e o Erpctatiom o1 4 B2 A9 agitator] Z2A7HE o)n]slal, “Less Agitation-start-time”
s ; i i £ “Early Agitation-start-time®.2 agitatog] 22+ A|7ko] A7l =
ZANZIRT IF ARFE AT o]ES 9)v] St (Table 3).
Fig. 1. Overall propagation of deviation.
3. XY =P WY
$AAe exAoR A AW} WA F YOrT 2F AYor 2 AP BUEHQ) S48 71X T Sl S F99) HAZOP
stept = AR WE7)dA B = e 37 W ol kgl B AEsE A% Awrt AlLE] 5] e A 998 ot
o) FAYH LAFOR QY FY WF oge Tejsjof drh, o Bad A5 Felaka o|g JsA HHsher Bad 24
3 Al step7te] BAEH9l o]d AnE 7] 5t7] 218 charge step =29 (knowledge mode§ &3t B2 3749 HAZOP A-53}
=} reaction step, reaction s#pdischarge stepleo] <] ojg A= 4= )28l 9] XA v o] (knowledge basE) basic knowledge, unit knowledge,
Az Asiste] g 4% HAZOPEA-g =382} 3Th(Fig. 1). unit malfunction knowledgd A=A T2 o] )
2-2. O|Ete| MM 3-1. Basic knowledge
olgE A73sl7] HehM = 7lol =9 = (guidewordsyt 579 ol & AEAd ko] 71249 oS XL 9l basic knowledge

e

3L A7t A Qs rlel=gus MR 8-l o)A s guidewords, process varia#sdefinition of cause and consequetice
o7& U9le] HE M) o] TAFE No, More, Less, Reverse, W= <= AUtk 249 983 A 991 ¥ 475 Aol 2ls)A

Other than, As well as, Part 84| 24] Z}2tol] thit 7I'g-2 Table 2} = A FE FANA dold & e Aol 903 Aol #et

. TR AT AFAAAY Ffefo] B
B o= 4= (continuous variable) 28 7153 ko] =9 3-1-1.01g 919 &

=9} B4 Wp(discontinuous variablg) #-8-8h= 7l = EE Rt ojgl 912 7 B &g AA A MY = = Hzxe] A (root

st Aot feth &, A7Re 2ol s B #igol] A48t malfunctionp.2. Fig. 22} 7Fo] o[ge] AutEo] 7]% ] ¢(malfunction)

7] 93k 7ho] =9l === No, Less, Mor& 1t = A-8-615] Less Early oL} TR olHR Q1% ALE FEAZITH

o] /gL, Morez Late?] 7I1'd &2 A 2] 3lt}. o] & o] “Less Cooling- A Wi o R Y WA ThsE o] dee AAFH R AAE

start-time®2 “Early Cooling-start-ime?] 713 .2 cooling task] 581 A] 7] A= Trel ==, WS, AR AA A% REs F

ZEAI7Vo] A9 78 A AR DH A AEE ofr]dith ZalloF gt 24 ] AR RRE o4 e A uf arefsjor
4 Mre 34 X7 35548 vERe &) taskl) She QAEEE v 22 Aol I

#FAF ] = EASHSFE TED § vk AgHaol= flow rate,

pressure, temperature, level, concentratiotl 2.7, B4 Mol = 3 (1) AH-EE(upstreand] 9213 A= 9] S5

T4 AN F8e FAE A4 HE task TPl ARS-H= start/ (2) 3H5-5E(downstrean?)] 91X =)&) &5

stop time#<=7} 9t} ]S Eof, Agitation-start-time(TAj ¥H3-712] (3) A A] AYSNA] F458] WP s]= 2e]F 0 78 (upture, blockage,

maintenance error, electrical failure)

Table 2. Guidewords for HAZOP of batch process (4) A NA BAEA] AAJE] HY = EE] Xl o] (leak, gradual

Guidewords Description
: o e ol o I w pol, w_ rl
No Negation of the design intent e i bty et 5 = r
i 1 i CACCINENED BITHHESE CALTHHNE
Less(Early) Quantitative decrease B P11 LT M gl S
More(Late) Quantitative increase T I T I
Reverse Local opposite of the intent B A .
o Rt Immedige | — / Varighle 4 — 0 Varishle
Other than Complete substitution ¥ . T | SRoE ] 1 BT
N malfunction |—7 | malfunction |— % Devmlion ¢/ — . Deviation »

As well as Qualitative increase ,_ - i v -y o e
Part of Qualitative decrease

Fig. 2. Accident mechanism.
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First Cause Second Cause

Partial Blockage Corrosion
Complete Blockage Eruption
n Less Press.J—‘I Leakage Seal failure
Creep
Loss of insulation -
Input of External material External impact

Tank £ More Level I'—| Input of External materiaIJ Corrosion
\1 Less Level |—_| Leakage Eruption
No Level I——| Fracture J Seal failure
Creep

More Conc. H Input of External material I
Less Conc. H Input of External material |

External impact

Fig. 3. The causal knowledge of the equipment.

blockage, fouling)
(5) 71EF ATl ARg A¥]2] EF(relief valve)
(6) &5 ¥4 (external heat source, external collision)
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Fig. 4. Overall architecture of automatic HAZOP analysis.
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Fig. 5. Class hierarchy of units.
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Fig. 6. Unit malfunction knowledge for pump.

3-3. Unit malfunction knowledge

Unit malfunction knowledgd= “43]¢] o]l m& causé} conse-
quenc&e] Jelso] S hdEe] T8} Fis 2 AAEE 2
dRHo] Slo] Tk 340l A8 7hssit). oS S, Fig. ] H=

o] thah A B, H 2o ‘No flow' ¢ o]€2] £121-& ‘No power’, ‘motor
failure’o] =2, ‘Less flow} ‘No flow' = ‘pump cavitation’, ‘pump overheat’
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A #7429 #A) taskE charging, reaction, discharge step Al
skt &, 7t stept GHE A e A& Mg EAS AFE il
ol&-g HAIZ| L 7 AR S} 2Ato] e WA Jhedl o|E dd
A& HER ojghs ARA|7ITH

4-1. FAF ¢4Z%(pseudo continuity)
3524 44 charge ste discharge step A2 /¥
(port) &3 AAA|Atol 9] o]t EAE B whgolu} 1 9] BdE
8471 BAER] FornE A& A9 ojg AvpE-g A8
Rom R o] GAE fAKESE TARE Aelgitt meps] 2 o
55 OIS 2E Aukg o] &8l A E Aol
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Chargeldischarge stepolxl= <37 7119 &3 lineo] &A1& &
o1} 7z B89 charge/discharge lindlol] A5l &4 74 &=
valve, pump5o] ME fFALSI] A7t SHEe 21s 2] ) o
59l line? eTH(Fig. 7). & ) S 94 F 2L

o 994, T, 549 S APl W sFsAol
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Fig. 7. The charge line of raw material.
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LL3 CEpCTRuNe Lizss Termpendes
Fig. 8. Propagation equations.
Charge/Discharge ling thajr= &2 EA4 librarys 0|83l 2 9
A4S e
ojgo] Hutule w7 A et A8-H= duk 01 A= =4
T F3S W= flow rate, level, pressuig o1E-2 B4 FXIE 3%
Bk, A 52 JEUOR o]Fsle Aol &) ‘ﬁ%—g W= temperature
9] o] oUR] R 5 2B A2 A A4 (propagation equation)
& T S B, A= AvAS Fig. 8 2om], 1 vl

(©) %7&%}7?] el level: frAHE fA19) F53 FEHE A9
Fr&e] 2ol HlAIET

4) %ﬂ” FA ) FEF2 TGAA WY level, ¥H, FYHE
A 2] gl Wl gt

®) *757“%] el 4 level, &%, FY A9 shEdl Hl#gcE,

(6) frEsle FA19) He 38784 el 483 FidEe 7414
HELILIE RS

4-2. 2% (discontinuity)
A 3] 54 A7 BAEAE-E Tesle o)gg At

7] S8 B AFNE TheT 2 ARE e,

SO

Al

(1) Task+RA] 4] 922}

(2) Reactors¥ B z=]e] 4k 9 Ash

(3) Charge ste} reaction steg+2] B¢
(4) Reaction stef discharge steghe] £

4-2-1. Taskr8A] 2721e] 9xArow 13l ojd Ay}

Reaction stepfellr12] E14 H40] o]E-2 taskFa Aol &HAke] 2
2o g e Zew "1 7 7H%§-‘4 H2} guideword] XOE ¥

7184, reaction steff 2] Z& A9 wW-4-7] oA WA 7153k W] o]

& table2 A& ©] ﬁL % o] o|FEHH ‘:F: 4—75&‘ T2 7o)
7heEh olge] fﬂEH% databas@ &t}. 9 & Eof, EA FFEH 9
reaction stepll2] 24 taske] agitatel|r] 92202 2l 6& olge] A} 7}

§-& B, vt 2t o714, TAIE agitatior: #1416k timeg: 553t

<) No TAi(Agitating start time)
— k&7 W} More Temp.o|g 24
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Table 4. Deviation resulted from operator's maloperation

REDNE SR

. Process variable ) The transition toward the process variable deviation in the reactor of the reaction step
Reaction type o Guideword
(operating time) Temp. Press. Conc. Other
Exothermic TCi(cooling-start-time) Less Less Less Less
More More More More Fire
TCt(cooling-stop-time) Less More More More Fire
More Less Less Less
Endothermic THi(heating-start-time) Less More More More Fire
More Less Less Less
THt(heating-stop-time) Less Less Less Less
More More More More Fire
— Hk2-7] W] More Presso]® 710] Companint of . e
saigiyr L Suppoet Edjuips TR
— ¥-87] W A4 24 More Conc. it o
— More Tempz 213 Fire hazardd*3 Cinmpansen = Weviation of varishle =&/ Devimtion Creation
[ty mode L BN wiigadading v aiiable _ Saate: vaniohiie
Less(Early) TAi(Agitating start time) e _|”
—> H]—.9_7 LH Less Tempo]% H]—/\g T r
— WEE7] U Less Presse|€ #of Possible cause % 'H:rlldll:{_l —# Consequence
[e]

— u7] ) A4 &4 Less Conc.
More(Late) TAi(Agitating start time)
— w271 W} More Temp.o|g 24
— 1 Y} More Presse]g A o]

— 971 U 434 &2 More Conc.
— More Tempz 213 Fire hazardd*3

Bk 7
Sl rd
9 7
S

w7 ER| 2 reaction steplle] ¢ taskE= 2 steamu} A7]=
A FAE 719A 7= DAY heating task- coolanEA 532 cooling
A7 @Al cooling taskl AT}, ©]9F 72 taske] 43 Fofl 24
73 AAE exdo= A3 reactorfiol A T Thed 379 HRg
olgg W3t Sgvkdo njet LESte] tablestslH Table £} 2l
4-2-2. Reactorr B9 274 9 Al 23t o]g A5}
Reaction stefiA] #H&-7] 9] vHgo] HATIAl Fa=T A|E e A
o] 4E35HA H7| 5’43]4 Wg7] FRldle ofg Bz A Ee] S

o} 2 oA d FH AHEe) 7)eel ?]ﬂh?—_ THHA & e A
&R S 7] el 3HE] ool B ET

d 2 o], BZ A2 cooling syster’% R coolant tank, valve,

pump 5 ThEE A G| A oP“tﬂ e el e GA] FelA] of=
Bhupe] A=x]ol] o] WAl A9 uhsr] o] TS| ogho] ik

Fig. 9. Equipment malfunction(reaction step).

&l (Fig. 9).
4-2-3. Charge step reaction stefte] B0l 23t ojg A}
T4 olgk Age FUHER 7158 S A (cooling unit, heating
unit, agitation units)2} FHo] AL, BE ojg2 A#9] olg

%ig ST
o) AvbEr). WMo o' Awa] 7t Wge] 45 A o) o
+H 2 FES G 73

-— -

+— + 75
DBk
iy

+— -

-+

o & Fof, ¢ AA e ‘More Temp2]& o|ehS AR 739,
cooling task] <=88-8- & 51#] g™ v A E ‘More Temprt
= Aspdd,

Charge step reaction stepte] 4291 774 H ojd AHE
Hs) A 549 olF AubdE A-8-5te] charge stefl PFAE &
¢l pipetfe] T4 WS o[E-S reaction stepl F ¢l 9k2-7] e

Table 5. The transition table of the process variable deviation between charge step and reaction step

The process variable in the pipe

The transition toward the process variable deviation in the reactor

of the end of the charge line Guideword Level Press. Temp. conc.
Flow rate Hot material line No No Less Less No
Less Less Less Less Less
More More More More More
Cold material line No No Less More No
Less Less Less More Less
More More More Less More
Temp. Less Less Less Less
More More More More
No Less Less No
Conc. Less Less Less Less
More More More More

st5t=8 w393 HM3E 20014 6
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Table 6. The transition table of the process variable deviation between reaction step and discharge step

Process variable deviation in )
Guideword

The transition toward the process variable deviation in the pipe of the end of the discharge line

the reactor during reaction step Flow Temp. conc.

Level No No
Less Less
More More

Press. Less Less Less
More More More

Temp. Less Less
More More

Conc. No No
Less Less
More More

T4 W olgZ A7t (Table 5).01W piped] oI5 7 Zol
Al Q, T, Gh& Aefsky, ¥H871= L, T, P, Ch& e @t}

Table 3] Haz A7) o] w712 BYEe o8 24 FollA] Blud
228-9] E#o] 91= charge linef<llA] ‘More Flow rateft oJgo] g
734, 337 Holl= ‘More Level?] o]o] T 2 A vhe-& &
oA e B9 f50] G HEETE AR AUR] R o] g
7] WollE= ‘More Temp2] oge] A8l vke7] Ul R 4 S50
=7 2 Zo|aL, o]& I8kl ‘More Pressiz o]&o] o] Hrt.
4-2-4. Reaction step discharge stepl2] Ed<44dd0 o)k o]e A s}
2ol 33 charge ste@ reaction steg 2] Ed4:2] 0] W<4=9] o]
3he
o

o

o e} M7 = reaction steplA 9] &= AR 9HE79F AE 3
= AL, T, P, C)o]E-2 discharge stepe] A A=<l pipes} #
A e 34 MR(Q, T, CO)olg= A 4= glow 1 A= Table
67} 2t} ol 8 £91, reaction steplr] wH-71Ui2] ‘More Temp®] o]g
o] B & A%, discharge step A =121 piper A4 £ &%+ ‘More
Temp.& o]gro] WAsHAl H).

3

Elnct § Al . ¥ - =r: 5 i

Fig. 10. Batch HAZOP analysis procedure.
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Fig. 11. Basic architecture of the HAZOP System.

5. X|4] 7|8k 27} AlAH

3|22 FA 9 HAZOP #4 A&7} Al2=5l 9] 7 54L& HAZOP
Aol A3t dEe] AL Abwaste] olde] Ul AARE A
ANA AXE= Zolth &, AHH step, line,/Fx] 2] ojdH o]go]
ARgALel] Sfa) d¥EH, HElE ojdo] ThE AR Avd F, 38
Aol 23 )48 A4 data-basgs o] = A9 o] X4 A
Axo] A% A3}7F =&Hrk(Fig. 10).

A|2=8le] FZ3= user interface, plant specific knowledge, plant general
knowledge, HAZOP inference engié& 3% o] Ith(Fig. 11).

User interfaces AF&A7| Al2xElo)] A7 Aoshs fioz AR}
= 35 o|eg HElSIEE dAS frameS AAslAL ABiE o]Eo
&k HAZOP 2418 rafste] S84 A0 A7E ALEAlA &4
e g S

Knowledge base ¥¥-3<21 37424 (plant general knowledgd) &
2] 4 A4 (plant specific knowledg®) = vo] #E|go 24 o}
9] AL me- F-85ih YRiF FRAA AL FHER A
AurA Q) o]} A4 AR A4 A4, A AT FAY, o=
37 W Fol 2L, 39 §A AYel= =4 data, P&IDEO]
T} Knowledge base il X437 57 X202 vyro] AHe|Fhe.
2 A e AT Y, A, Fo1E 4 o] Al&=Fo] mlg- fA
)2 # ol)z} knowledge basd =712 &9 & Uth

HAZOP inference engire matching”|® 2.2 ojeo] WHAISH lines
T ste] olgg A7l F, ifthen ruled AH2-3lo] AsE olgks:
ek A 0P X4 SelHelelsh i 9] 9 FxE el

slo] s oge] e 4 A5 FEAT

al

b e ]

6. Case Study

B ATA] ARRSlE Latex AlZ37g & AMANA ARSEH 9
= AR B gHoR &7 vdel e monomerd chemical
E% reactor] chargingt ¥, 3|34 #3 S3 WHoR AES AL
STHFig. 12).

8} 5% wh&-2 styrene, butadieng 2] monometl 314, E31
AlA, A, B 284 55 FYste] 9% 2% sl 9A
A 7F Iksle] §-8l2)7A radicals ke 3= W o]tk AN(acrylonitride),
ST(styrene), BD(butadier®) -2 monomegE= = £J9] t}k3 che-
micafs-o] #3F S5 wh3-2 91 EHER ]85, liquid NHEH
2L E Aojsh}, vhg 2707 L= 85°C o]5}, ¢HEL 5.0 kglemiG
o] BLE. fA|H o Aok Fitt,

Latex 392 278 %} n}&} monomer/chemical storage step, chemical
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Fig. 12. Study process(Latex process).

preparation step, charge/polymerization step, monomer recovery step, late;

storage & ending step, finishing s@pelsl 719 FEo= FA5 o]
gou, B d7dx= charge/polymerization stefilo2 418 4
8 Ao},

Charging/polymerization step Al5-2 2= X monomer/chemical
charging step reaction step.= 7EHt}h &4 AF7T 715 vessel
7} vessel+] pipelineg: EAFH 07 o] 7z} 437 Yol EA)e <
ojo] AA g8 W olg-g AN &, B 55 ek I A
A2 ole-g AR AL 7} AA AN BT 3 A o2 A E
2] unit malfunction knowledgeg °]&slo] = 432 =&3}

S A4 W flow rated} 7ol =Y = NoZ 2§ sle] o)g
rate’S A/ A171t). o] A8 Fig. 12} 7] reaction stelA] ¥
2% Alofol] &g BZ taske 3= line 72 379 “4X]] pump p4-
19 HLA)ZT), o] Fro] WAYGE X ¢ o]E AFE FY]
generic knowledgé&sll4] unit malfunction knowledge °©]-&3}] ‘No
Flow rate® 4 7153t 232} ‘No Flow rateE €231 9918 27
ojgro] WAk 7%74 off thgk og Y AN AE A% T, v
AA]¢1 pipez ©] A7t} oleke] AH3l= propagation equation
& ]85t pipe] ““@ 7Fsdt olgs FE5H piped} #HE U= F
2 ¥4 flow rate, temperature, concentratigrollA] HA 2z <1
A flow rated} A3 B0l = 34 B4 flow ratedt g
Propagation equatioh*] Qout =f(L, P, Qing- ©]&-& uj, o]g-g 24
XA B F2 she] 3 AFE Qe A 38 Haee A4
A FA52E 9 propagation equatih H<4=<1 level, pressufe
ol AaA] AeskA] et wEhd 2¥¥e 37 WT flow ratés
YEF = T4 A1 flow ratedl] o)At G Wo v F pipes E35}
o 8= 37 W42 flow raté= 22 ‘No Flow rate®] ojg-

43}, olnf line WHe] Ao1AXI¢] control valvés Ao w 2%
Shekar 7Ry it

-0l

Table 7. The causal table of the deviation(coolant in the reaction step)

Cause Deviation Consequence

No Flowrate  More Temp.(in the reactor)
More Press.(in the reactor)

Less Product

Line plugged

pump stroke too short
valve insufficiently open
coolant tank level less
operator miss operator

st5t=8 w393 HM3E 20014 6

- A - 3
1L : I
" =
o] g ]
HIA T H- '_l a | -
. '-I T I
[y
ﬂu|'|p-.l|t F'n.||.-i|'||'|'|l.'l'|[ Henelor
"'\._ o~
Devimion of i, .
T \ Deviiatesn Urealion
npui variahic | f
¥ + Sinle variabde

v Olperaling lime

SIS — h, - &

 f |
R - ] P . | —

|
LS Lesa Temp
Loaaling, =star-tsne | 255 Press.
- ., -

Fig. 13. The study of the support equipment malfunction.

=

Hh2-7]19] BZ systemd! cooling systemjollx= =] Ao} &
2] 02 FOoF A o|eS WA & A=) o g o=
o8] AHgA¢ JFFS W= AL reaction stephol] & whe-7]ot}
Reaction step 2] = =] w-§7]2) el A A0 FaFe vA=
71491 task, 24HE, 2E|A whg7] e AR deete] AAE
A5 w12} tablez HP %, knowledge bae 3+=x3le] olge) ZAxe}
AQ1-g =&3r}(Table 7).

279 w9 o1gel 2)3 A Wk o[z} reaction stedl cooling system
22 Fofl 2] APAA 2o 7 Qg o]go] S 4 Ut} o
& Eo, % ¥ cooling-start-time(TCBF 7HI=H = Less(early)
Z:é}_i o|g ‘Less cooling-start-time] A& AH-9- o= 213) vt

7] el e MeE A shesk 34 Ae o]gS ‘Less Temp!
o, =gt ‘Less TempZE 18] Ao 7Iedt 54 HF o€ ‘Less
Press¢|t}. o]2]3l Wi e g 24 Ade 3] 9] ol x| 48 Frxst
of ol&= g FHEA QA A5 =& ATH(Fig. 13).
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IS sl A Fash XA agFos FHAL ol
9] ANF} AFS ARGAA A Tz AlLFE TSI
B FAe] HAZOP 42 A& g3k g 24 A7 &
A Tl &gk ol AR oxAd &3k ojgkg efsfof drt. &,

& L
o ERE S

c

A} 7IM e =20 YiEH #3 charging step,

steg® charging step, reaction step, discharging step



322 F79] HAZOP 24 AFssl= 9

discharging stef 914 343 52 & propagation equatigh A5}
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