3t 2ot d & of

Batch 3739 HAZOP ¥4olA ol d3f Wy

SR A FRA FAH

pavsta ssEetn

1. A&

d AFAANNE AILE vde WA By] A thed AP HIIEES o
g3t Aot AEH A F47)VHHAZOP)S tEH BAH Hipr|Hez
AAEA A7 71538 brain-stormingo] 23 FWE Hr Axg d& F
Jeoenvz 3 FANqA d AHEET 22|y HAZOP Analysist o8 Forg]
HEFEC] AP H/HE AYstdol &7 el 42 v LG =¥, Azt
Bty AEY AR Hodol Axtel JFE nXEE ABAHY AFH R}
oA ddel Ut o2d FAHES Az e x=¥oFZ HAZOP
Analysis Zt58E 913 A7 AFSAA 2243 AAHJLY RFFo
A I&E HolAo

3| E4 FA9 HAZOP Analysist 9% ot
Time# Sequence?t= EIAEHH WMFES nesfol oot 322 49 &
%l Time Sequence®] 342 A% T4 HAZOP Analysis 7|Ho2s 4H
2 F W B AFdA ol Ed&He W5 AH Wi #AE
ANGezH A% A9 HAZOP Analysis 7I'Ho2 34 34 HAZOP
Analysisg Al F JEE s

2
B

3749 HAZOP Analysis®t= €€

2. 34 A9 xd
21 Topology data?] Z &
3349 P&IDE codedtd dataZ M,

A FTHFY 589 =& unit, arc, valves

Deviation

KPS ‘ _
storage arc unit arc unit arc .
e 01010102 0102 01020103 0103 01030104 reactor

I I

o
!

ox
oy
2

¥

e

=

o

il

Source Fault revet:'rse Fautt Fault Terminal
. ropagatio j i .
unit propag n propagation propagation unit
- source : LINE #18
source | LINE #1 terminal : LINE #1
erminal : nil LINE #8

LINE #9
LINE #11

Fig. 1. Process Topology data
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93, FASE F2 FEE linedE XA FF nodex 37 ol A9 arc7t
A= e AU EFH - E71HES ¥

Z} line€ unit, arc, 23 nodeEZ FAHS Nov, &+ ¥4 AHAEE
W37t 9ot unitsE 000022 BHHEH AL F AYE line HEE e
Wi, e F ZA2E lineW e unitd] A& YEtdoh

arce 0000000022 89z WS &d ¢ v AeE inlet unity
W3 E U= Y AYE outlet unite] W E e AH(Fig. 1).
2.2 Sequence semantic network

Sequence semantic network A4 el Z FATY £3FQA AH
A semantic network2. 2 B #H3E HOZ step, node, relationEE T4 5 o]
o}, A Al A2 Latex ARZ T4 Sequence semantic networkS A A] &}
i1(Fig. 2), RelationE<] A& Table 19 A A3 th

Table 1. Relations of Sequence semantic network

32 30

Relation Definition
A before B A step occurs previous to B step
A during B A step occurs during B step
A step occurs after B step happens to be and
A overlap B ) .
A step is completed after B step is completes.
start step starts.
finish step finishes.

chemical
make-up
D

ransport 1o

surge tan

Fig. 2. Sequence network for Latex Fig. 3. Functional semantic network of
process Latex process

2.3. Functional semantic network

Functional semantic networkS B4 ejolAd 4 FH9 71538 A4 &
A& semantic network®.2 E&F Ao T FF node, line, relationEE FTAH
of k. FAAQA AdalZA Latex AZ FA2 Sequence semantic network-<
A} Al 81 A THFig. 3).
24. 332 23] recipe

Stepo]l @& line® recipe®} Zt Lineol W& X recipe® matrix® Ve
B delolAe Ede] 5F AR E Yehdo) Stepdl WE line® recipet line
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2] open, closed A E1E matrix® YEld Re =2 lined open lineWd] EH
&9 98¢ eI, closedE lineWdl E29 380 gl&g vEHG

(Table 2). Lined] @& A A} reciper Topology datao] 2]8] AAE linedl %3
UE AR FAEY A dHO #F ARE HAFHTable 3).

Table 2. line recipe (per step) Table 3. unit recipe (per line)
Step——line] AN | ST [NH3|Latex_ nc—uait|U0101]U0102]U0103]U0104

AA Charge| O O 0] C AA open!| O A O 0
Reaction C C O C AA closed; C A C O

C ! closed/off, O : open/on, A : oj® ZH3}loA AFE S Z closed/opensd.

3. ojg A}

Control loope 1 7159 EAY g HAx FAHNA olE A unitste
g 55§ d4S BHolung PR3 ojgdn whE e AAEH T
3.1. Control loopE 9] $F unito] {2 of & )

olge HH}E A FAH WFEL d& WS Ay oW
Sequence - Time2. & TFES £ olgg ¥
Wi o2 ojge ARAE S35
311 A wige] oy Mu

G SDG 71l o3 =EF o)y Ao os Ae) WS oy A
7} o] FolF

<Propagation eguation>

= f(Tin) Qout = f(L, P, Qin) (T:temperature, Lilevel,
L = f(Qin, -Qout) Pout = {(P) Q:flow rate,
= f(L, T, Pin) Tout = f(T, Tin) ... P:pressure ...)

3.1.2. Sequence®} Time?] o}&
Sequence®t Timeo| oj€& WA Aef WF2 o] of
Hold de W5 olgg Audd os) AFAZh FAL massA _6;—‘3*"’
heate] E&d we} B/ 3, A3 Moy AAsdr).
<Transference equation>
®© mass®] E&o] W} A stepo B EFuio)
~charging step: f(s) = f(Q)
-reaction step: & ¥-3UA T ¥ UA N ma Mool HARL}
A gERrE  f(s) = f(T) B. §gug : f(s) = f(-T)
-discharging step : f(s) = f(-L)
@ heat®] BZEd] W F steplz BEFo
~heating step : f(s) = f(T)
—cooling step : f(s) = f(~-T)
32. control loopol A2 o]& 7
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control loopt FANA olgg APAIE 98

Control loop

Controlier

set point

Sensor

Contral vaive

Fig. 4. Feedback flow control system with
controlled and manipulated variable flow

HA ojge] AAE e stAL

control loop2l ©o]¥& = A control loop boundaryW oA o]go] 2AEE A
2} control loop boundary$]o A ©]€o] WA= ZH$-2 Jyo]Ath(Fig. 4).
control loop¥ controller(set point), sensor, control valve, pipeE&2 FAHo] ¢l
3, control loop boundaryWlol A 2] oj&d ol FXEe] olFoz Qs WA
3k, o] wWeo] AAHL g #r,

<propagation equation in control loop>

~ sensor : f(signal) = f(Q)

~ controller : f(signal) = f(signal)

~ control valve : f(Q) = f(signal)

control loop boundary®jolj A e] AX|elA ojgo] W3PS vf control loope
A4 AEFolgtan JhAZT(olEe s unitll T WA T, UHA unitEe
EE A4 A5S s b4 stel HAZOP Analysis?t $13i2)7) mj&olt}) =
2|4 control loop7t A4 AEFeld ddgn olge anz A theny gL
F 7HA B0 243,

A. control 7}s ! control loopZt Ao} 7}5d Aol A e o)Eo] control
loop boundarylZ E°] 9 control loopE °]& & o|2e BT A=A
HAZOP Analysis® Z32 24 7153 BRE oo JFHd glornz o|g
o] o]go] 28T ASE 1A FET EE control loops] HFE Ao #Ax
+ control valve®]il, control valve®: valve®] 71¥ HAEZ &AL Ao 2N
Ao} AFE AHoAFT} more olBL olFg 2 o|l€Z control loopHldl ATy
% valve® closedZ 22 AHoj7l 715822 more o8 AWEHT © o)A
9] olg HAAE Y3l g

B. saturation : °o|®¢ =77t UF AA control loopol & Ao}zl Erl53
dg-olth ot e ALZ lessH nool€ol gtk Z lessY nool¥L olEg
valveE open¥tii ¥XEgE ojge] AdEA FEoh ol e AHLE
saturation®] gt &3, ol&fg F$ IqE o2 HAFAZL}

control loop boundarythe] o]2¢] dAzte AadA AHLHJD An2o) 1
2 381, control loop boundary 9 9] ©lg A= control loop”t B4 %
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ke 7SO AAHEZ AT A E moreolE L AEHIL lessy nool g
g m# T} olge] AT A lesstt noolEo]l WAFE o]fE control

loop7} saturation H QS wWolmZ o] control loopo] B Wzl ¢gm o

unit® At}

4. Case study
Latex AZ T3 @ AN Ag=H3 = A¥HQ batch 3HO=E,

manual®l @2} monomer ¥ chemical€ & reactorl chargedte] batch %3 %

¥ oz AFE A HFig. 5).

Deviation
) Step too late
‘ initial

polymerization
step

Find the before step™ ~
in Sequence nszork

Deviation : Inmal
Step too late charge step

"~ Find the next step
in Sequence network

L%
Reaction Deviation :
step Step too late

Find node and functional Find open line Find node and functional
relation of the node and rocesps recipe Find open line in : relation of the node and
lines in Sequence network P P process iecloe g lines in Sequence network

Reactor [ fine #1. #2 #5 . ine #12, #13 #14 ..._ ]~ +{ Reactor |

| Transter deviation with Transfer deviation with]
transferece equation fransferece equation §
transferece equat|on Propagate Propagate transterece equation
t(s) ——mmi( Q) less flow in less flow - f(s) ——wt(Q)
the Reactor in Latex line

Fig. 5. Instance in Latex process
(in case of 'step too late’ deviation in Increment charge step)

AN(Acrylonitride), ST(styrene) BD(butadiene)®t Z< monomerE® 1 99
3 chemical s ©] T 9SS A% BEHAEZ o]8H91 liquid NHz2
2528 Aogth Bg 2H0E £k E 85C o3, U4&EL 50ke/crG o)EE &
A & of ek,

Table 4. Comparison with actual plant data from HAZOP studies carried out
at Latex process(in case of ’step too late’ deviation in Increment charge step)

N

Result (actual plant) Result(this model)
Cause Consequence Cause Consequence
No Preheating for|increment No Preheating for polymerization
increment BD, polymerization increment BD & mix|reaction is delayed.
miX~monomer reaction is -monomer charge. decreasing in yield.
charged. delayed reactor leakage. ...

Latex ¥4 9 Increment charge stepl A ’step too late’ ¢}l o} go] wukay
3% FNA 8% HAZOP Analysis 279 AA" modeld HEAA 28
3t HAZOP Analysis Z%E H|Z(Table 4)8] 2@ Molae ZHLAA 483t
HAZOP Analysis 23= A F40A 8¢ HAZOP Analysis 272 25
EFsa Qe ¥ ooty FHel] g ol AAE ¥Ism Qo] o BE o)
o A AAE FEY £ YU}

e

-129-



5

1. o #2342 <13 WA E Sequence semantic networko 2, 7152 <Q
7 B4 E Functional semantic network. 2 X @3S A 2R FAAE AA
BN, FAY A dEe Azt wWE lined recipest lined]l W& A recipe
2 recipe matrix® AAHoZ F3R).

2. 33 ¥W+E Time, Sequences}t el M4E FEI £ Timed Sequence?)
olg 2 Holag FHEAA el WF olgZ oAzl ¥, FH w9 O]E”
A2 g ALt o2 38 FA WL og ARE AL TH
2 Astel L VYPor HAY 5 QAT dH Hgo olg AL e
B SGD 71¥& A&t A Aed L, E£3 Control loopSt 2 EA Ao A
3 olg W Uy E AASY

3. Latex 34 % dFl £ modelS HEAA B 23 ¢f B8 493 AHE
58 + dA

6. Al 2
B 47E TYTHYGE FANYY AsA5H A7AHE B¢ d2Toe
Ag $5AFAEH QI g3 RYYT

7. 33 3

1. "HAZOP Training Manual”, Technica Inc. consultants in Engineering and
Science, April 29-May 3, 1991.

2. Center for Chemical Precess Safety(CCPS), “Guideline for Hazard
Evaluation Procedures”, AICHE, New York, 1985.
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