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Abstract - The discrete variables such as time and sequence must be considered
for automating HAZOP analysis of batch processes in contrast with continuous
processes. Because these variables can not be explained by the method used in the
HAZOP analysis of continuous processes, we have developed the methodology for
HAZOP analysis of batch processes on the basis of the relation between discrete
variables and continuous ones. In this study, we have discussed the performance of the
methodology on a Latex batch process to evaluate its effectiveness.
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I} w8 Poz Sl oz EAES i S A& AFEY BAE AAMsto BASH
AstuA HAZOP B4 2538 98 A7s L 859 olgs dF dsd ojgz el
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¥4 3749 HAZOP ¥4 A53e 9% olgds =g

2l WE(petri net)2 # A J(recipe)®} 2zt #3
9 E4& Bz wdso B4 FAY
HAZOPE A 3sle Uie Adsidey g
g uES FAol Eslm oY WS
AR A7) weld B dpoae 3R
3739 HAZOP 24& 98 Hx =HAF
modeling Wy & AAS A o}
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2. 3 =4 3™2 HAZOP &4

HAZOP &4 7l¥e T3 13 T 24
T U B AT 984 E A oA
st AAG HAgS AX AAE A, €
A EHFA TN ¥Edld FHE AAFL
24 AT AP E wole Yol

HAZOP 4 7|¥2 TA9 Ad4dn &3
el &4 -HstE A $4 selEdE
(guide word)®} F 74 $(process parameter)
o] 2oz g9 o|Y(deviation) & AAFH
oA 1),

Deviation = Guide word + Process parameter 9}

o)e} o] AHE ojge] Med doy F
Ao wAeH ol A (propagation) =H el
olg] g ZAAZ olge HIAr FPE F,
a0 WE ZE 2A 7MEd olgy AR =
830 3 AMFE ogs o g
(reverse propagation) Wyl &) & AFAE
HAGAGOoZA 1o g BE B4 5
olge) Yqlo] =&ATHFig. 1).

Deviation

Fault causes | Fault reverse Fault Fault consquences
were inferred | Propagation propagation were inferred
by Fault library by Fault library

——= : the direction of material flow

------- = : the direction of the propagation of the deviation

Fig. 1. The overview of HAZOP analysis.
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Table 1. Definitions of Guide words
Guide word Definition
No Negation of the design intent
More Quantitative increase
Less Quantitative decrease
Part of Qualitative decrease
As well as  Qualitative increase
Reverse Logical opposite of the design intent
Other than Complete substitution
Wrong Unpredictable action
Too early Step-on conditions met late, due to
fault
Too late Step-on conditions met carly, due to
fault
Left out  Operator forgets a step
Backward  Fault causes incorrect transfer to
an earlier step
Part of One sub-action in a step is missed
Extra action Operator includes an action from
included another step
Wrong action An aberration
taken
HAZOP ¥4 71¥dA A& HE 7lol=4

£9 HE Table lo] AR o0, 5HEA
A9 EAQ A7 ME(time)ol o} 7o)
£9c8 H8A7 dB Table 201 AAA
t}H4, 51.

Table 2. Deviations of time in batch
process

Deviation Definition
NO TIME The event or action is missed

MORE TIME The event or action is continued longer
than could be expected

LESS TIME The event or action is continued shorter
than could be expected

WRONG The event or action occurred when it

TIME should not occurred
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3. 334 topologyel ®3

Topologyt WAFTA¢ P&IDE codedt @
dataZH, g4 FHE FF FA(key unit)E
FHoeg B9 FF9 3o uet #H3
(unit), Fo}E(pipe), TF FAEE FAH
Ae 2BAine) B2 AEsstzn, FAtE F
A ARE Qg FFIP 9714 F2F
A #BAAY F 2HE FAEY g
A A2 FXA(source unit)t Fd  AX
(terminal unit)?] & FYsle FxNE L
3H, AAL FF FAG Alo]o] EAsle 2
€ ZAY golzge AFE TR

Z} A& A, dol=x FF AXNZ FAH

o glon, Z FA ’“—5’:%% AF3 olE
(reactor-1, pump-1 %)& 71Xz Yo}, 3%

2hel AelAe A fxE EHsy] 9 o
£+ 22 YYYUE ALY A F, AG
A SA¥SE AFZgd FXE 0000
o2 HWHHEY 7‘1:: F zAge 4 HEg
Yetdla, vex F Age gy A9
AXE gy go]ZE= 00000000
o2 UHE HYH=H 49 v e dFY
X (inlet unit)® W3IE, Uoix] 4 e
€% FX(outlet unit)®} WEE Yedn} F
F AAE, 2 ZAL A2x FAZ AIEHE
\"»}La & el = source &4 (attribute) 1
51‘57} FA FAR AHEHE B#UES YEY
= terminal £4 & 71X 32 QAo &2 Latex
A9l 9% KPS charging lineg o]ag
Fgoz EHY & HoEFd(Fig. 2).

o> KPS charging line
- LINE #05

unit 0502

- LINE #0598 & ¥# &x

pipe 05010502

- " A2 unit 0501, &8 A=A
Z unit 05028 71A = 42 FA

unit 0504

— source attribute = LINE #18

— terminal attribute =
LINE #05, LINE #09, LINE #11, ..
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LINE #01,

Davlaﬁcn
Key unit Key wnit
dpe ml mt
(ﬂ)]
Souce Faft raerss Falt Temirl!
unit propagation nrwmm propageation unit
source : LUINE #18
source : LINE #06 termind : UNE 401
termind : nil UNE #05
UNE #09
UNE #11
Fig. 2. The presentation of process

topology.

4. x| 25F2 preconditione 9|
4.1. Ix 2F(Unit classification)
RE FAe 2 71%d wat g3 22 5
742 %48 Y. o &40 we FAE
THete AANFGoEA olge HAm HEE F
A8 4 St}
1) Source unit :
X

2) Control unit :
B4 588

3) Terminal unit :
71] .

4) Transfer unit : 238 3 &9 T 27 He
g

5) Key unit : 819 & Ed& #4389, &
A WM A& FXY FH FA 9%
& FRs= FA

849 580 AFHE 3

5%, 4502 FRIM,
Aoise A
249 580 Bue ¥

4.2 precondition® & 2|
kAl FEREH B 7HA EFE Adx
E 9| precondition®. & Foj Rt}

(1) ol B9 3 Eq wma A==
reverse flowd! ZAS$E AYs g3
5Eo] d4E A%, EFL 22 ZFA
A 2274 Ax2 &0 oggA oge
A#RE 7] A% o A F4 F
A A wgoz o|Fo|An, olg
Qlg &7 L3 olge JAFE Y &
& B wEko 2 ojFojzlch

(2) reverse flowgl A, £33 5§
dutdel &9 BaEde wid B
2 4 ZA BFAA A FA FF
2 B4 5F°] gAY oA o

% o
otk

ot fo (g e
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B39 5Ed we Hmgoz
A#4E 2V AF olge] Ad=
x| WEgo g o]Folx:, o]gg
S 37 A% o2 AR T4
HEro 2 ol FojAr)

loop7t e RolAM 9 olgey AsE &
Aol A cH(HAZOP 42 o4 %
o #gtog FR3E7] @il loopd
olg M= STt getd o).

olg

EPS
rehll

22

o o 1o o

(3

5 33 Zx9 recipe

3B FAHANA ANE ANE 9T G 2%
GAS stepeE FEEI T, 2He] stepol 7HA
e AN 2FE B A8 step Wil
EAste ZHAEY FEE open, closed 3l
59 zgos FAHFozZM Z stepel 3
JEHE EF83

o714, Z+ stepd FF A= line
recipe(per step)$®} unit recipe(per line)2 ¥ #
% matrix® FEHY, o]#d matrixZH B
o 5EF oAEE el line recipe(per
step)E 2219l open, closed Y E}E matrixE
veld Aoz 299 gpene <l o) &
o} &80 &S VeI, closede # U
of EA9 ZEo ¢SS uYebdth  unit
recipe(per line)x topology datacll ]3] A|A]
A g &8 e AE FAEY AL A
of #3 HEE BAFU. 7Hd e case
study] €& 7 ¢, line recipe®t unit recipe
= 27} Table 37 Table 49 #t}.

Table 3. Line recipe(per step)

step line|l AN ST BD NHs Latex
AN Charging | O C C O C
Reaction C C C (0] C

C: closed/off, O: open/on

Table 4. Unit recipe(per line)

line nit {0101 0102 0103 0104 0105

O 0O 0O O C
c € C€C o C

AN line open

AN line closed
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6. Ol €t Mu W

Control loop2 F7A9 olgd& A2HAIE
Edg3d 715¢ 3B, o¥ HAfgdA o&
AYE & AANEFHE e 4L Bt
ay2g §F 1A A+E FE8Y 7 F
T3 oy Ax S AT

6.1. Control loopE ™2 st ZxlojA{el o]
& Mul wy
olge] ANE 93 T4 HFEEL 9%

-

w

£(Q, P, T, .0% 294 H(sequence, time)
2 FE39L(Table 5), olgy e olg
¥ MEES FHOE TR 2] ge %
oz Fysyt
Table 5. Definitions of process
parameters
Process parameter Definition
Q Flow rate
P Pressure
L Level
T Temperature
R Reaction
C Composition
S Step
Ti Time
M Mixing
A Action
Signal Signal

6.1.1. 945 AF old Mu

g B3 £ 2dZ(SDG) VMR =
29 #H3}4(propagation equation)ol <& &
NG Aol Z+ 3 W IdHHA o
9l HuEg St AEHE AAHE O
3

(1) T = {(Tin) : reactor, tank, vesselo
Ay 2xE d%g Tade FAY
2o v &g

L = f(Qin, -Qout) :
vesselo] A 9]  level &
9 #43% fEHE
At u] & g,

(2 reactor, tank,
FdsEE= A4

CREREEE
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(3) P = f(L, T, Pin) : reactor, tank,
vesseldl Mg 4FEHL 7AQ AL o

4 714 WAHLPV=nRT)E AHL3}
o level, 2%, #4HE F49 ¢g
o] u]a gt

(4) Qout = (L, P, Qin) : f2H%+ 4
9] #%FL reactor, tank, vessel®]
level, &8, Fd8E FA9 Fd
] g} gk},

(5) Pout = f(Pin, P) : &5 §9
42 reactor, tank, vessel®] ¥}

FYEE FAY Lol vl g,

(6) Tout = (T, Tin) : F¥&d= {9
2 %+ reactor, tank, vessel®] %o
v, 4F L FFLE FA9 2
o vjg o}

6.1.2. B9 = (Sequence, time)e] o€ A

B

sequence®} timeS B Q<4 Wgoln o)y g
EdE W olg Axte AL HEAzg
T AT dERg olgAn WHE BaS
W4 olgt Ao HEAFZ] 98 BdL
Ao olgd dé wfo ojgz oAy
A o] & (transformation equation)& A4 314 ch.
oetr BEdEG W9 o|go] MeEw Ho4
& AE3te] A4 W olgz olgg Hol
Az F Holg d& g olgd Amye
&3l A& o2 ol s M)

T4 stepd e} HEEHE Holo] EE
2 WA TA stepS masse EE] o} A
step2 2, heat®] EFo wel F stepoZ B
etk o9t #o]l EHE Z stepel wWE
AojA e g3 Zrh

A71A, " 71EE A4 9 step¥d 2 e
tH( &, ‘charging step/reaction step’ &
charging step T2l reaction stepol A 8%
< Uebde). E3, Ao)ag HEAF 7 A8
7hl= U= ‘too late’$}t ‘less’E ‘-'E ‘too
early’®} ‘more’s '+'2 QA H A Fr}

(1) Mass® 35 wet A stepeE £F
gt ,
- Charging step / reaction step : f(Q) =
f(s), f(Q) = f(ti)
- Reaction step / reaction step : %<
Hea 9 w8 A2 yFoR
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t}.

A EEHES L {(T) = (s), f(T) = f(t1)

B. 4948 : f(-T) = f(s), f(-T) =
f(ti)

- Reaction step / discharging step : &
g g FY g9 A$2 o
Ka=
A EgukE : f(T) = {(s), f(T) = f(ti)
B. 448 : {(-T) = f(s), f(-T) = £t

(2) Heat?] 58] ulg} F stepoZ BF3
=3

- Heating step : -2 steamo]u} A7) 2
AN FAE 7tEATE Aot
f(T) = 1(s), f(T) = f(ti)

- Cooling step coolant Z 4|
coolingA 71 & A o|t},

f(-T) = 1(s), f(-T) = f(ti)

FAg

Zk Mojde oldlE F7 93l sequencedl
M9 o' F 3yl ‘step too late’7} R A5}
4e A9E d=ER 49 @

(1) Charging step®lA step too late® reaction
stepll less flows 2AAF| L, step too
earlyE more flowS A A 71t}

(2) Reaction step°l Al

A %E wE<9l AH$ : Initial reactionoi A
step too late FHEY cooling Al
Aol B2 less temp.& 2HAAF| L, dt
ol step too early= more temp. & 2
A A 7k

B. € w&Ud 7% : Initial reaction®) Al

" step too later FWHY o FF AL
Aolung AAIZte] FEHo oY U3
TE EFY AoldA FFo| Foog
more temp.& TAAF| I, wH step too
early less temp. 2 WA A zit}

(3) Heating step®lA] step too later® EHS
W= fAd less temp. & YAAF I,
step too earlys more temp.& 2AJA| 7]

o,

Sequence$} time®] o]€-2 A7+ QL g9
olgoln g o8l oldo] LAFE AL X
Ztzre] A4 whol gl wElA olghe] HAgl
= 3" "art gl 28y reaction step
€ charging stepol we &9 {F7 2H
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&4 49 HAZOP ¥4 AE3E A% gy 2d

2 golAg A§AA olge duRg +
Yt

6.2. Control loopoli M 2] o] &t A i}

Control loop2 FAoA ol&& AdEAIE
AY S sl FEOI2E control loopdl A ] o]
g AgEs g8 XM olg MdgdE ¢
E W og tFojxior . HAZOP 249
M olge] Hjln ANE BF FEddo}
a7 W&ol olge AME olyg HHTBE
nestejof 3t} control loope A F orE
Fal M olgde] Ao} G oA M}
$Enl g ¥ e AR S HEeslo e
wjog HNE = AUtk AT control
loop2 L 7159 EAo= A3 olge 9A
o WHE N BN Fold FAtol
HHET. weA] E dFoMEs o)ge A
FHE WA AAG F ooz gAdsn WS
A A&} g},

Control loop® o]g2 =ZA control loop
boundary WelA olgte] WA= A L9}
control loop boundary &elA o|ge] wals}
T A$E JYFoj#HFig. 3). Control loop
boundary W9 o|&-& $M mes] vzt
Control loop< controller(set peint), sensor,
control valve, pipeE 2 T4 =] 9431, control
loop boundary wWoAl wAB3 olge o]t
BAEL ooz sl EAFY. control
looplel EAete FXE Alolde B &
Eo] ol signald] 524 we} o)goe] A=
o gatd ol d signal€ WEER MR E
AN E HEFoZHN signald] ol HFAE
g £ gtk d&S control loop Wl &
Adte FAE AR4 S BAFo

(1) Sensor : signal = f(Qin)

(2) Controller : signal = f(signal)

(3) Control valve : Qout = f(-signal)

(4) Control loop(in reverse propagation) :
Qout = f(Qin)

Fig. 39 control loop9 sensorel ‘more
flow'ghs ol"o] TS F-(F, AY 5
o sensor X2 Q3] ‘more flow' & °]
o] wAg Ao AXHE FHE 24
control loop Woll EA&s A Ee Hna g

2 geted B ohga 2o
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Control loop boundary

Controller

. @- set
point

flow

: @Sensor
-
:

Control valve

Fig. 3. Feedback flow control system.

sensorl ‘more flow'glE o|"o] wAlaw
sensore £¥E 2 ‘more signal’€ A4l sto
controllere]l Bt} ‘more signal’cl 4=H@
controllere THA] ‘more signal's £3%2 A
A8t control valveedl HuWlA H i, control
valvet °]Ejg o|&& 2BA7|7] A3 valve
E 28224 ‘less flow'E A4 3o}t wheba
‘less flow’7} control loop T&o) &5t 2
AN A=

222 control loop boundary 29} #X
oA olge] WA HE WE Tal&l Bzl o
wf olge § AXjevt WA, UYrx] X
2 EF AN FFE Fue M e
HAZOP #4 o] #&x]7] oj&o controllers
A4 & Folgle 71 A4,

Control loop7t AAtelgt sitigtkx olgre)
AZ|2 A g Be& T A Fo 24
g,

(1) Control 7} : Control loop”t #el 7}
3 Ao A e o]ee] control loop
boundary W& E£°/2% controllers ©)& &
olggS BT ABAZY. HAZOP ¥49 =3
2 A 75 BE olge FHd glemz
ole} #o] ojgeo] 4AFEHE AHAFE 1A
2E. Control loop7t Aol 7bsd olgdz
‘more’ °]&o] utt EE control loopd HF
Aol &A= control valve®l™ control valve:
W JiE A2 /FE ZHGoEZH Ao
HFE Aol sttt ©ekA ‘more’ ©l €] control
loop 9elx 2L control loop WE 9}
LH, obF8 & oldo] Eojort} ExgE ¥
BE Polrozs Aort siesivl. ot
‘more’ °1EQU A$, olEL 2d¥EHI ¢ o)A

o olg Ave FAHA Weo

dx7k288 A A3A A3 19999 79
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" (2) Saturation :@ °oj€e A7} WUF HA
control loopol 2& A7} E715E 7§
t} olg} B ALZ ‘less’Y ‘no’ olgeol
t}. ‘more’ ol€o] old ‘less’t} ‘no’ olEL o}
g W g dojFretx olgdo] LAdalx @&

v A% 2aEdg. o e ALE
saturation®] 2} 31, o) FT AL ojge
control loop& &Y AX=Z AMzZsle AlA) g

Ao g HEAIA olgg HAAIZI, HolF
AL2 'no olgdE gE ‘less olgS
control 7} 79 saturationHE F§¢ &
o 2T 7tFAdel AT HAZOP studys
A Jted BE ol¥E e FAgelnz
control 7tE3t ojgte] AdHdEE HLE 1
2 & A %3 saturation HE B$HE oy

o

st

Soz ojge g E muesiaL

olge] Hxm Wz Auo|Ae vlzirhx|
£ control loop boundary Wel o|g 3} control
loop boundary 9] o|&Z o] AAETh
Control loop boundary W9} oj& gxstE A
oA ALEEH A control loop Wol EAstE
FANEY A S a2 H LA 71, Control
loop boundary €¢] o]€& control loope #
4 ZAFdcE A ste] AA P

Ao A HkEo] control loop7t A 2%
€ 3F¥ ‘more’ olgL AdEEC. mErA
control loop boundary €9 o€ ‘less'\}t
‘'no’ oS FHTeA T3, 'more’
olg&t& control loop boundary Wel o€z wt
EAget. olgel HAANA ‘less't 'no’7t
4A3tE o]fE control loop?t saturation ¥
g "olnz BE FXEY HAPdA og
& JATA T E Sy 22 Uy olgd
A A 71T}

7. Case study

Latex A% T3 & AdAoA ALgHz
A BEAHA IEY FAHo=2, 24 manual
o] uwal styrene, butadiene 52 monomerd
F3A, 23 MAA, WA, 2R 24-A
=& B8l radical F¥E & wio|t.
AN(AcryloNitrile), BD(ButaDiene), 31
ST(STyrene)?t Z< monomers® 1 £9
t}%3t chemicalEol #38 3 W&S 9%
EHEZ o]&51, liquid NH:24 2% & A
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ot wg 2@oE LEE 8T o3}, ¢Y
< 5.0ke/ciiG ©1 &2 FA s ok th(Fig. 4).

FRESH ST
FRESH AN
e Q— STORMGE
TAHK
FRESHBD
STORAGE
TRHK
2-150C
Fig. 4. Latex process.
Latex Az JF4 F 4% initial

polymerization step®l ‘step too late’ ©}&o]
SASRAS AS, do)HE HLA|A HAZOP
studyE 433 HtrHFig. 5).

N\

Firtitha rit step
Reaction g Deviction :
step Step too dte
Find cpenlingin Find cpen ling i
ETO0ESS fe5pe Frocess regpe
Find ey it Fird ey urit
(Pt Je—{ (e #1246 line #18
T Tarstomsvatonih Trerstom dMetion W
ransformetion equation
parsformtion eq.etio |epfm flowin Iasterm?n W
f(s) —w(Q) tre Feccter || the Reacter | LIS 1D

Fig. 5. Deviation propagation in Latex
process.

Latex A€ initial charging step, <€
step, initial polymerization step, cooling step,
reaction step, discharging step & T3
stepeE TFAEHS Utk Latex Ax &4
sequence’t initial charging step ©-=°l initial
polymerization stepel FHE®Y L Fo
reaction stepo] HuEth & stepol A FA Y
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5124 F79 HAZOP ¥4 4538 98 ogdn 29

A5 A4+ Table 3% Table 49 22 line
recipe$} unit recipecl 2&l -ZA @}

webx o] g sequenced] wal ojgel A
g+ thg step?] reaction stepl.Z, °o]E9
Mo+ initial charging step2E o] Foj A},
WA olete) Mm HHE MYsH Sy P
c}.

Initial polymerization step®] ‘step too late’
olgto] wAEH sequenced TS stepd
reaction step®] ©18& A3 W= steplE A
M}zl AN reaction stepolA  process
recipe® BAT2ZH openHO A& FHA(A
71+ line #18°)g: oJE€& 7FA cooling
line)Eo] =&HH, ojgd HAEY F5 F
Al (reactor)”’t ZAAHIZ, Holdo] <3
sequence?| €& & Wgo ogZ Aol
o}z =l #Hold® o] Y(reaction/reaction step®]
22 Hol2d 23] ’step too late’ o|E2
less temp.2 Hol®t})o] FF A X A
olzigh A o3 AL WF9 olgo]
A AAHgeonz Matald o3 o

FA2 ojgte Amrt o]Fojr} EF,
o-flow"et= o|go] “alkali charging step”
o} “P-150c"oll L3 Y-S A9 ojgre] AWy
4L ogx g FAH  FE(process
topology) HolElHlo]Ad] Belso] gy B
29lel 7153 BAE olgaA olEo]
g A7 &3 GAdS gAEE, 1 gl
alkali storage tank, P-150c, LV-302,
LP-329, reactor®] F4 2.4 E sFdt} olgol
2Ag Ao WE Aol s HY, ol
Au7l FPHed olde] AT FX o @]l

P

o 5" do ol L

Q

S

flo

A tre Ao “LV-302"E wAd I
Qout = f(Qin) &= AL o] L34
“no-flow”2} ol&& o & AXQ “LV-30270f

Aualzict o]9} e HWhgo2 gl fo &
Astes ZE FH HEdd AF olgE A
A e},

olgto] sl AL initial polymerization
step® & step? initial charging step®l °1®
9] HHHHr} olFozuE AH}  charging
step/reaction step®]2Z less flowE ©]&9
Aol o] RolAdE RS AL o]¥Y
A BB 2 AAHL 33l
olg|3 Weog BdL WL olgs o
Wao) olg M whog N F e
A% FRe HAZOP B4 71¥E& 3E4
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FA e HAZOP ¥4 H4¥ + AU

2 479 B
24 & A8 olgs Ans
Aol

AA g FAL EHIr A TAHY
topologyE R @aE WS HYdgen, F
Aol AA AE|E HAMElE process recipes
line recipe(per step)$} unit recipe(per line)2l
2742 )9 matrix2 EF8te A3 A).

o olge HHgE H3 T ¥WFE
¢4 W(time, sequence)®t A& MFE F
to] Zhzhol old Ayl WS AAEHETH
W] olghg ziEsle 23 §% 219
78S ALREle AAE AR S A AES
4oz A g FAZ oy Ade dA
& F8stgoen, £8 control loops &
olgg A2dWAE 71%E /M EF A
A ARG AAE olgy Hu BP &
A3t

B4 WS (sequence, time)dll #3 olgt e
Aol Aol o3 A& Mo ojg=E Ho|st ol
2ojzH, Holg A4 WHe ol"e] GE F
A2 AMugc olgd WwYHesg EAEAE BT
9 olg ANE A& WHFo olg Hu WYy
2e 1oz 498 F AATh

HAZOP
Y e A e

_,_,
rie

16 R e e
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