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A Process Hazard Analysis using HAZOP
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ABSTRACT

Hazard and operability Review(HAZOP) is widely used as a process safety analysis

which systematically identifies potential process deviations and settles the problems.

In this paper, we carried out a process hazard analysis using HAZOP in K chemical

plant. As a result, we showed that the plant could be operated more safely and be saved a

lot of money by eliminating several existing hazardous factors through the change of

processes and designs.
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AttE Hold FF UAHY e FA 98 829 FHoF # AFH Hr 28w
I 98AE AASY) A% AAHe|n FHHA tHAE st o olE A A
B 1996 £ E] PSM(Process Safety Management, 3 A A#)AEE A3}

o3 JEd ofF A A¥A HUU HF AR RIS ¥ F o

FZRYIAAYGE 73 - 98 AFEFS HFde AXTAH € HHlE o=
A - Zd - JFEFE T 2 FAH AYS &AWL, JAA Aol AA A
12 dZ49 JMsAT Alm A Y HEe] AVE dFdtd Hrh - B4, Atad
A ZE53 g Vg HAissE AE FFHoE I [2)

AqhA Hrte B Az =8, AEX o] Hag &Folv, 1 WYL IA YF
o] g8 a2 &4 HFE = HAAHHY EMYH(Hazard Identification Methods)
Y 8428 FgFoz A Hrse AFFH HrW¥H(Hazard Assessment
Methods)2. 2 EF €

Hazard Identification MethodslE A% Al2d AZAY2E, A AE, o4
2y BEA ¥ LAA EA A d EM Tol 93, Hazard Assessment
Methodsoll & )4 Ez £4, A E £4, dJ0-Z2F &4 Fo| o

I ZME HAZOP(Hazard Operability Review) 712 tE A AA A HIry
o2 #HaFAHe PA FHuF dhgez 71 de ol&dm Q. o VL v
Bope] HENEC] B Ztzte] FAHAA LA JtE e EE o P(deviations)E £4
AE, §E4YE Folol 3tz B vHE Ay o mEE AAQ0F B BHF
9] A FFd gy Mz g AF} YUk e GHE fA FAT A
A g b5 ZE YA Az 4AE EF, AR HAAE AAFAY FHY
AN HAY F e RE HELEEH FAEZ A4 w$ 294 Wyl

A A oA s ol8ld HAZOP £4& o] &3te K339 TGIC A Hg
A4 HtE A o

=R

2. 7|4+ &

HAZOP 4 719 338 FFoA = 715 ZE LA olgdd 24 dig
LAz ARE ANAHoE HES F o 7HF de ol fHe GHAF HrF wyolnh
ZYoll EMEAN T FAHY THA HiEAE TR AA dAdNA A g5
Hel REoz AAH: Ju[i][3]. &3 HAZOPL 19%60dd THEH dFIen
197040 % ICIL, U. KolA 33 39 984 HIE A3 43¥ Ydo=z AA
HATH10]

a8y HAZOP 243 2e A8 44 Hries 433 dye Adeln, g2
AlZte]l AFHoE A gFojol 3, xF AFAQA FAdolr] wWFEd £ W
A =58 S EolnA 3ty 877 tFHAY. 2 2 HIZo= HAZOP 43
oM 8FHE AIH =¥E Folun B4R AFE F0]7] 431 HAZOP £49]
2538 EASe UF ATE 43 AY 71 AEIE Al 2" (Knowledge-Based
Expert System)ol] tigt 437 #3521 AcH6-9].
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3. HAZOP &4 % TA3AI4E 471

31 AElBALe] T HHR

Ke3Fe Hd ngExgs ‘?i"éiﬂA AE ANFoZ EF 7|54 FE 34
ARt Yoy F8 AAFEL TGIC(Trglycidylisocyanu rate)o]t}, o] A
Triazine 3¢ TF& 714 37H9] Functional group(Epoxide Ring)& 7}
AE Epoxy SFFEZA WAoo 431 72 E7t £7] HE4 Polyester
A =& 2 Photo Solder Resist Ink, EMC(LED Sealing) 9 73 /H3A4=
£33 gt}
A BALY 71EFELS 292 CIBA-GEIGY, Y¥E NISSAN CHEMICAL#
Hlaste] 23 HEAAA e FAxol, AAFY 80% o3& F&31n Yrh
oy FAA TGIC7E AAIH 2 HYde AFLE ARFgdE EF3IL 2
gAYl 7ldEFr BFIE FAF HPLAT ol E Weol] A& Ut F,
E A2FAL ICA(socyanuric Acid)dl Epoxide Ring& 3AA7]7] ¢ 918 &
Ag AFFAA HEAFI MeOHE °l4, AL Al7le FHolnz g4 3
- 2 o) 9ol At
Ad 73 B¢ dP2FAE APALT gl GFAALRIE 2¥ste] HAEZR &%
A7t gAY BN HAITY HPAHL AT F UE FAER AV] HEd
2ot tAEn ERAA A AAA Y AEHQ] FRAEFL v 5 HQdi o]
SAAE HT dHstn BHFHQ \I%‘i AAAA] AEFHA FAE 94
PSM(Process Safety Management)S 33315t}
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32 SAAYE #H7t
32.1 HAZOP £4¢ 748

1. Ao € 8 89

HAZOP(Hazard and Operability Review)e T34 A9 B3 oz X9 olgdd
E 484 # A4 TAME #Q3] % g FoHolm AAHA B
WA et &, ¥ (hazard)# A4 (operability) & A FA 7 A=A 9o
AAHez £4, #7iste Wolr,

HAZOPY] F8 £o&5& Hosd g3 2o

1) ¥ A (process parameter)

H % (flow), &3 (pressure), = (temperature), 743 A & (composition)5 Z ¢ =

golvt B, Au], MEY T A 3F 24E Uil ol
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2) 7ol =9 =(guide word)

FAYSF Ao} ¥& s s Lo]ZA No(Not %=+ None), More,
Less, Reverse, As well as, Parts of, other thano] $lt}.

3) o] € (deviation)

tol=dEgt A HEy7 28 FA9 BEAFA EE HYGHG Zo] HAY
T2 2E Hojd A E gu s, (2gl FxE)

Guideword ! % 5;‘;‘;13': E

Deviation

No
No Flow M
ore
More Tempreature Less Flow Temperature
Less Pressure Pressure
. Other than ”»
As well as Composition Composition
Reverse Flow As well as
Reverse

. A Az
HAZOP 24L& FAHU 2gdAM 5 RE S 4 x=S(study node)2 &3+,
7o) B9 2AHE o] £ B xToM ST F e T EE
olgte] AT} 1] o3 HFAE g Yo zA Az AL Hx & FFHoz
o} 7]A e 24 AXE BE oSy o] Hrt A Fu] dA, A4 Bt £
aA, % ENE dAE AF At [2]3]5]

1) 24 GAZA BAe 24 2y HYE Adn 4 Ade FAHY ¥ e
A5E S

2) BAL AP FAHL MY F FH 5F0 vt FET A Y =8
Astn AA B3 EAL gt Qe Brhg, EPOXY ¥, 441, EPCH
A, RN Az Ad % MeOH T HFIHLE £/
3) 24 =7t AAHA HAZOPS &A1Y wiFe slo=g=8 A, 233ty
olgg AMAIZITE FHol AN SAMHERE Hojus A 7153 EE o|gd
W 494 AAE 7HEI.

4) olgd] g AUF} AE Fod F ZF olgg Al HAT £ Qe <t
ZX& 77T Y BA =ZoAe 4o Eud, Y o ool Wy
e Agse I AAAR FFA U

o

o ¢
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TGIC 49 984 H71E 98 &3 2o &4 FAHAAE Fd HAZOP 24 &
AANEGRT. &, 97IAE AWBAY FL FHY F/PEE L ANFAHA g
HAZOP HE ZA#ANE 231 7 FAHEZEZ(PFD)E Ao

1. #7193 ZA(NODE #1) (¥ 1 &%)

12 9h-gQ BIhkg FA A Sujg TV-10)8ts &7 #&< 3 THL &
dAds2 A& &7t Over flowd Z$ © 987 982 F25Ho] £uj9 Joss ¥
A Q AIEAE AR AT AL A5 @ FF5 EEY £99 HEAHF Yo
2 A% F AAY FA @ /5 gasol 4 7] 2 F F AR nA= G
2 ddd] =g,

Ao dAxAN2E TV-1o] AXE Level gaugeE AYA7F $go2 #x 9F
Fo] FEHAE W WHE Xdsts Wyl girh oo st HAZOP 71¥¢e
€% 23 TV-1elA TV-22 Over flow7} 8 = & WiBL HAste g7 A
T2 A3 ¥EE Fax] &3 TV-191A Over flow’} € A$8E X9 wj@e o
2t TV-28 &7 B8 F UEF A& Hago

2. EPOXY %83 A (NODE #2)

d v}

EPOXY w3 F4oA e F2 B3 25 FFEAZA o9 F8 dde 2y
R agoln old AF}EE AFTE A Y¥E loss LA L AN U Ase
AHLA B AR A&HHQA gl 2 V€A AN, £F3E8 AX 2 JyYzis
FYFA A T @AY IAXAE FES 29 4¥L A AE 2oz #RIHY

=3
3. M FTA(TGICE B2 AF3E= F4)NODE #3)

TGIC WAL 23o] ZA AHL & F= FHO2ZA wgd o4 Yzt
A2 dsf WEE XddA] Xs) wgdo] Over flow, YJEZ §38 ALd:e
NODE #13% Z& &EA7F 2. o]& W87 st wrgol ojd AF =@
High Level AXE §&, 9AZF o]e] Hd AAM7 FFL 3t wrgod o4 Hyxy}
e T AEE 2XE FsAoh

4. EPCH #+A 33 (&34 F3)(NODE #4)

TR-6 ¥&7]d NFE Z3 2902 d& 713l 808 34534y =Fdx 2
T2 3 2= 2Ho] UdHI AL 2=} 2 AL AT J¥L Y si. &
&% EPCH gas?t ti7]2 w&Ho tr]ege] dde] ¥ 2E TGICY Es(12
0T)2 AT F9 AIANE U A dAXRA2E wgr)o 224" ¢ 200mm9)
S PRt 0% AFFer 2EE AAZE Aotk Y o] 2E: 2B
A RHEZ $4 g7 uF X g3 29 FUL 2AY £ Y: ‘LExA 3}
TUE'E dXF= FH o] BARAE Setting X0l LF  ng dFZF=
235 % ALARM FX g HHsE&E gt
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<¥ 1> HAZOP FE4d3 (NODE #1 H7hi&¥3)

o] & 49 < AAGAZA fji AP TAE
]
FLOW | 1. ICA A&7 1 gas 9 @ AZ7E 413 HA
HIGH 3 L AF AN 47 A5 | @ d13] A&7 F¢HZ 5
ZR @ 24 413 1S
2. TMAC A&7 | DY 2% 0000% Z& 5
g g
AFEE
3. MEOH A%~ | 1) #7hitg &= | @ TV4Z MECH °|% 5
% 2 e 23 ® MEOH A &=
AFR 2) AgxA A9
3) A A8 ® LEVEL GAUGE4 %)
LOW | 1. MECH A%7] | 1) &% BAl @ 293 Bl oA
23 4 SR exzd #AE3 5
AFEE ®3 2%
TEMP | 1. TE-0 W&} | 1) EPCHS 7] | @ SCRUBBER®] X3 - P&ID LEVEL
HIGH wgo] g o wE ® TV4 TANKO A 12 GAUGE %7
2) 9EH2 Bzt ¥ 7
3) d71ed ® TEO ¥ TRO 2%7|&4 =2
4) A7} A ol 5
@ &% 715A gl BYGA
At 7]
® LEVEL GAUGEA X
LEVEL | 2. &d& =% 5 98 %= ® FLOW METER %% - P&ID°] LEVEL
HIGH A4 = ®@ AL A=A GAUGE ¥EA
(TRO) 6) HeHeFoz| @ e
4, 84 4
LU FHA
3),4) & &
(TV1) | 2.9 & 340568 2& | 6,600 25 - TRIEE TV2E
. OVER FLOW
ul g A X
(TR4) | 2.9 #& 3456 28 | 6,00% & 5 | - B8 &
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5. A4 (43 3) FANODE #5) (¥ 2 Z=x)

1) TR-10°] 100% MeOHE F YA A A2 B FEZE F3x 23 Over
flow7} @ 2% © &9 lossol 2§ A cost A%, @ W71ed 2 FA498 @ ¥
FAYY FIA TF FA TY €40 HAuwEd A GAxAzE AR BF
st Wyl ik ool oidle] TR-109] High Level AN E 2 Z MeOHo)
Over flow7} @ A 4350 AANESE A3

2) TR-79 AHY 2 #37|Add 2€& £ $&¢E(TGIC)S 60CHAA £
RN E AAlsted AP A4z Q) 29g¥MBE Fax 23S AL ukey)
B 2E7 Asdtdq §ui7t AR =E /5, DI 2L &40 wErh @A oo fF ¢
AEAZE AR §Uo2 2248 #idsta Yoyl JHL 5o Tgsid 249
BHE FFOE AP Qe HTolth FU tHZX Algoz YERLEE HA )
o3l A, AFL2 2€o] AGE F Yt AFLEMA WHE HAE2 st}
3) TR-119] =7} 50~60TC¢! 100% MeOHo] TR-7o|A ¥ E ol4=o] Ay =
TR-601A & EPCH A ¥-§9-& o3 EAsle] 13} 2L &4 H&d o] 340
A MeOH loss7t A2t} ©]9] zXAlgog A FFd ARZ BGFQ FUAe
TR-11 4+ dAsto] FEH dolrts MeOH gasE 3, A AHE3EE 3¢
o}

_‘_ré‘_
f
2t

<% 2> HAZOP =43 ( NODE # A& ZA)

o] & 4 2 3 At =X fj A A AL}
M=)

FLOW [ 1. &g a =244 | 1) &0 LOSS © HYa 30% F| 5 |- HIGH LEVEL3E

HIGH 2) A4t COST 4% el 71% ABS M3

(TR10) 3) Wred

4) AN

(TV10)| 1.3} 2§ 12,3, 0% 2g (O 2% 5 |- TVI0dlA TV 2
OVER FLOW i@
2|

TEMP | 1.3} & D, 2),3), 4% 2g (O 25 5 |- WH¥&XE SENSOR

HIGH o 9% STEAM A%

(TR7) TOP VALVE 4%
- LEVEL GAUGE
P&ID Ede} EA|

EEdE EANE oy TGIC A2 §5% Azs|(Bgdolg e
£ AZPYE AT JEd TGIC ¥AY §50 9% BaZ
2

ol
Fol Aol vtk o9 dARXZ AZ7) Ao FAHNE Po} HHy] 2L A
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7. MeOH %34 (NODE #7)

MeOH Z&FFHNAE QA 2244+ Qs TR0 Flow High®4de] Yehy
W ANt e, 48 7E AFANY o2 A¥ I £ S TAL IA
& & Ak @A GHzAZE FAdAS FHT FFR AW AR HA Fo
o F7F FARXE g ojFFo] AF ojde] HY o|FHEI AFToE UF
% & High Leveld A& ¥ &3

323 A AQ EFEA

2R 9PN HIE F3 32204 ZTE o8 A @UE AL B A
2] A AHde] AAFozN FHGHA ZA 7AHE Ro= 7ltH€E}. <E 3>
o HAZOP BA4S Z3 7|dsE F8 FTALAY adE 2%F ot FH
HAZOPS 427 ZTAMNAL 58 471d7y 2d=E Zidded oF HWEAHY
AL <FE 4>oA BE uiegl o] AMFAHNNODE #H)A &7 Fo AHAE
MeOHE ZWAME 4X, 3Fss F$EA @A batch? oF 250¢ 21 MeOH 4%
ol 200¢ % 3svin AT CA Az W13,802,8809 AMERE @4 + A&
Ao g dAd),

<¥ 3> HAZOP £A4d 93 F2 TAY <A 7Idash

1

F2 AgaQl HAZOP AA] A HAZOP &4 #
271 1. R-0utg7]0 98 |[da422 A% trled 2 s wgrld dd AAsg #&, A7
e 1A AZF7) 2 A dE 9 FA v Aoz Ay 8
FA |2 FAALFE QY ALz
48 ¥

2. TE-0 W7457Hol(Epch) gas7t @712 WEHO|TE-0 gash@el £%74 AAsd
o] Ao} gri|urleds) AP YAYEA)] dRekn PAs W
ES ON-OFFEA7|1& Control =ide] 4
A, Y% w2 2 $F =2Agos
MR

5. TV-194 A4 eMAFD A+AAF FYSZ[TV-104 TV-22 over fowdlB
Az dg  £9|9F FFFR L AEgasel | MAsHg Lo} loss R HEEY
over flow 712y W YA

24 4. AR AFZ($YHEE)Y As-AIF FY22|9&719 Hight Leveldld R 345
A |98 TR-69 &[T FHFA 2 AFHgasel @ |FFHoz ALY 54 Fxe 7
over flow 7124 FAA 7testd fge Abdeld

EPCH[5. TR-691A #4=te]|&ml(Epch)el #&2 U4 d71ed|e=xd AFLH 73 9 of2E
&7 |&%Control 452 A2 AANY, 2l TGICEHA o |4sA 23T R ALARMEAF &

A | &0l f2 g o] 984 B4 2 984 A4 B
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6. TR-10% A MeOH
9] over flow

7. TR-79A4 &g
2] &%=Control A%
2 A% &7
TGICY ®&

wl
=

8. TR-119] #WEE
T8 &9 drF

R

9. TM10-18 TM-2
(%3 Wet cake
ol 23f)Y AH
2918 9=z3

10. £2&

(TM-16)

e 91y

1L Az oA

#1804

MeOH gasZ & FAHE L oiy)
L9LA 7ts

goist TGICY A+AAFLE #9
o2 A% FAFAS grled L %
2EL

foje 71T vjitez A grL
d 2 3498

NAAGe 2 AY ~aF &Y

A=}
i

AFY FEA BA/EAN @
AELNY

TA=E 97 AiA AR AY
&7 2899R

=il
=

Hight Levellido] 3] 7@5el
T, AdAY 545U Ao
Y88 oy

2EAFZHStopE HFoz 9y
29 AHAA

TR-119] HE uw@d ZRIME 4
g fgrlFez HdHE £
gas® X3, AAGTozA 998
A A

TMI10-13 TMI10-29¢] <AEE%4X
& FEsld YAy 2x271L x|,
A889 AA

FERINTM-16)2 AN FALE Dot
AANERE AAY

2 WA FR AR L AYRAA F
A4 FARFANGENY ez,
59 %8 U AYRRA A9

)

<E 4> TAMAE s Az A7

1) A9 &4%(100% MeOH)

TGIC 1 batch %
2) 250¢ E£4F 2000 i AMEE F 9o ARNE

=250 ¢

® TGIC #QAIZE : 19 hr/bat
@ AA4 batch & (FFLF * 330U/4d)
- 330H X 24hr/H 19 hr/bat = 416 bat
@ MeOH 347 & (dzh)
- 416 batX200£¢ = 83,200 ¢
- 100% MeOH H)Z = 0.79

- 83,200 £ X0.

79 = 65,728ks

@ AT A3y A&

- 65,728kg X #210 = 313,802,880 (100% MeOH kg'g @7}

D W210)
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e d#oz TGIC FAH g 94PHS Frrgoezx o8 7

2 HARE & 53 FAFH 94FLUL AAstE ¥¥H dg 2
* B&3E ERFOZAN A o 1,300 o4
T AU obLe 2R R HuHGANA AA L EH FoA
< B9 olUE kAT Ala"e B AAAHA FHE FI 223
7b 7 Auled AR X 8L FAANL £ AT
mtx o2 AHRAME TE2A GART 2 J)de PAA FA WA &3
7t & 22 YEld HAZOP 9§ ¥4 84 H71E PSM tiA AFdZd 84
71A 23 A Ao Fu A LA)7)FH zZH Boldz AEssie 9ed TR He
3} Urt=EE & dert Ao
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