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HAZOP 42 BAYHA BF7t B F 713 AAdHo)xn =23 #¥ez Hrhta g
ot o2 g HAZOP ¥4 3 & AFY H7te A B 49, A4, Ao] Bas
o oM HEZLY OHF AZRE Foln @Y AFHE @V AN A8H Y AT
37t a7dd. g AEFSE AT o A7 BHEC] UMY USdRe AV
ANt B dFAME 71E HPE FAE FHI] AMA HeEAY ABY BA
AE A2de FHna g ofE il NI AYAY Hild dad AHE B
2438 dFRd HIWHE AHEste EAA o], FERAA Yoo, FX AW AR
TR 2dy Y, ddAY 4L FH}E AR FE LugF Deviation
Analysis Algorithm, Malfunction Analysis Algorithm, Accident Analysis AlgorithmE 7)) 3}
stz Aol AN EAM AF3 Alx€ AHA(Automated Hazard Analyzer)E F&3 gt
o] AL HEZ Mg EFQA G2 o&3dtd THIHUIL, AAUY A&2RE Olefin
dimerization & 7& 2] feed sectionof] &3l FLAHL glstych.

Abstract - There are many kinds of complicated equipments in the chemical plants.
So the chemical plants have high possibility of accidents. Hazard analysis is one of
the basic tasks to ensure the safety of chemical plants. However, it has many
shortcomings. To overcome the problems, there have been attempts to automate this
work by utilizing computer technology, particularly knowledge~-based technique.
However, many of the past approaches are lacking in properties: safeguard
consideration, accident diversity, cause and consequence diversity, pathway leading to
accidents, and various hazard analysis reasoning. Therefore, in this study, three
analysis algorithms were proposed using multimodel approach, and a hazard analysis
system, AHA, was developed on G2. The case study was solved with AHA system
successfully.
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gtz ol FBS ZFxEo| dn ¢ 5F3%
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obxl glch w3 il‘if""‘“’ °:]€1 7HA Y8 g
284, g84 545 7t 248 &3
AA e 7 22, '"’%F«] 7P':"“°] A0 g o]z
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;A dohllAl @) EE EAHon M
THE BR3y A dA RwAFSTE & F 3
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= Hazard and Operability Study(HAZOP),
Failure Mode and Effects Analysis(FMEA),
What-if Analysis, Checklists, Preliminary Hazard
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A& AAE AFA F7b AFs AxEE
o otAA BME 93 mdael FAZ QI
TH AAFHA e A FAES nedHA
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B dFoMe olgd 7IE Ay EY FAE
ﬁia}ﬂ A&A QukEd JPAd Hotd d8
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2. C}E oE M Uy
FAL rdgystes oy stA Wy FolA
AEAH Hrg 8r] daMe FAHA SAE
AP QA9 AIEAEY ZHE wio] 1Y
gatodop ot olH I olFE HHA HIte
Hge wdgdogqE oF 5d HT HHE
Agsigo. oFE 2d A2 o d TAHE
FzA Aol A, Bz o] x XA 2 o]
22 o] 2dydte Aoth(3, 4]

olg|g A4 Wlo|2E FE387] Y9I A4S
W ohe e AR 2RE wEe
« 2] AEZFS A A¥ (prior experience

of experts)

« 5A9 #A 24 "ol (process operation
history)

71239 B3 gl (fundamental

physical principles)

2.1, F=X|AlH|o|~ (Organizational Knowledge
Base)

T2 2] A | o] A(organizational knowledge base)
= o9 AAE FHAHQ wiRY AZ @A
#a 2 2& s gl o AHE st F
Mol ojW 99 AXNEZ FAHAUR, 250
Az g A28 EAE HERIT

38 A 99 AANEL ¥4 A (process
units)} FA A A (safety units)Z2 EFE F

KIGAS Vol.l, No.1, December, 1997



A84 BHA e tFRdE o] &¥ AT A2 AR 89

gtk FA AAE Axdgo] Fo4H J|FE& F
Hal7] ded AFE e FIANEL DIH
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oA S AYEF RE Ty AR Eo] o]
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A EAE AYsled AdME FAH W
de ¢H AXES mEder Bt v Qe
BN 435 A& 5 Ut FFe] @9 FA 4
dais ZxAdo]EA Name, E@o]E< Unit
ID, upstreamel {Z® AR AHo]E& el
¥ Connected from, downstreamoll {Z2€ #
21218 o] 29 Connected to, AX ¥ HAAFA
¢l Safety device, &9 FAX oA &= EZ
9l Material 59 €% & %39 Fddh
o83 ARE PIDZL ¥4 =UH AHE
AzRE ATHel ¢dgH, AP BAAA
T2 A4 wle]2E propagation path& ZEd]
o] &5 1 safeguard® AA e edE o] ¥},

22 SEIX|AHIO]A (Material Knowledge Base)

3kt FAo) Ao 53 NFE HoRde
7t & ol¥FY vk B =4 =4
o FAe, FEE B4 AA7 54, 22
A 59 3ol APHEL AU U= AL
7b 7] wFelth asng A el e
TR} e 249 A A A A4
g ZFm gojor axAH YA HirE @
& ek add olHe AAL A AH 7
Ay} o B dAFoME NFPA (National
Fire Protection Association) code [5, 6]& ©I
3 A T

3 x4 dlolay Y¥Ad A4 (Hazard indices)
2 Jvehled 91384 A$E NFPA coded w
gA Z+ B4 digd A3k4d A4 (Flammablity
hazard rating(Nf)), &34 =4 (Health hazard
rating(Nh), ®¥H&4 A (Reactivity hazard
rating(Nr) & Solglt}, Z+zhe] A4 0%-H 4
nA el A71E HAH A7t AP mEt o
Y A=l oA S e

2.3 Zx|X|Aldflo|A (Unit Knowledge Base)

224 93 4%S Edste 2dS wEY
AahA HA FAHANA fPe FFol HAHE
=M g 2487 &3 2o Fig. 1 9 o] %
F& YA

(1) 8 A& A=A (basic unit)o A 715 o}
o] WGt

gahasts) A1d Al1E 19974 12€

(2) 71% olAde] 1 FAX9 Mg U
< Fag

(3) Al Wae] Ao} upstream™} downstream
9] AA 9] W dEE ofridn.

(4) A9} upstream, downstream? 7% ©|
A3k W4 deo] Abil(accidents)®t 42 g

ol EH37] AAME T& ulZkA Ay
°] Zgsit

(1) 29 FANA 7% o443} Hgste] #A.

(2) @9 84 HFE A BA.

(3) &9 AAE AA FTAHAMY Mz 4
d .

@ 7% oY, ¥F dgF A #4A.

Fig. 1. Accident developing sequence.

714 FA A4 weolxay FX AT Rd
(unit behavior model)® F% 7% =9 (unit
function modeD& TFAHEH &L Zt%
o ()3 (2)o) sigste 4L FAS

231 A AS 29 (Unit Behavior Model)

APAH HrrolA HRFT AF EE2 7 o
9 84 AZ HFEY o4 HAd FAAT
4% A, causal influence)d EHSE Aol
th @9 A9 A% Edg g=e A WA
Az 2dgd ALE AFES AHTY F
Ao AelE Jelle o2 b5 FelA A¥A
Hrtol A #A U= ¥WFA ¥ (pressure(P)),
£ 2 (temperature(T)), FF(flow rate(F)), &4
(composition(C)), ¢l (level(L)), ¥-& WF
(reaction(r))€ =4tk 2de thgz o]
T4 jhet,

1) 99 A9 = (inlet), FXHF-(internal),
Z 4 (outlet) 2HQlolA 2lv] & WSS (variable)
& Aot

(2) A4E Aloly A #AE Z2HETH

(3) ¥4 E 9 High deviation state®} Low
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deviation stateo] JFE F& ¢ W4
4d(Cause variable)E 22AA A
FAZFE ool dAAIRY.

2aAld A "EEdy QAL g uE
B4, ARy 22 @Al #AE
Jeldle 4oz Re 59 4

A Fo¥ HL2 A% 2de 99 84
At 9] HEE EAEAE g dolt) 4
€ &Y WH9 ¥ A% dolZd +F
(leaking)ol At U5 FEASAN g3 oA
A HAHE(YFSE ) Wy AHr B
At} oA g AEe FA U 2dE
S8 mddd.

o it

_04
3}

232 ZX71% =29 (Unit Function Model)

714 71%9 MEL 9G¥ FA7E 2 e
AE W Y& oW 75 & 3t slolg ®
T 99 8452 AEES JUHUE ou ®¥s
o tiaiA oJuEd &g gk

oln] ¢l inlet variable, internal variable,
outlet variable W& o}&9] high malfunction
7} low malfunction delel o]2A 3= ¥
S AAgd

#& 7% olAtolgt % physical viewol] wat
high$} low?t €23 5 lEdl o] blocking
< outlet flows] lowA| %t intemmal pressure$
high7} 5 11 outlet pressured] = low7} ©t}.

3. 05 RYES o888t FE duzls
3.1 Deviation analysis algorithm

Deviation analysis algorithme ¥4 9%
(given deviation) 28 & F2o] A= o &

9 A9 7% = (unit function model)oll A

Folz Wg dgo el HE 7T oy
(root malfunction)& %=t} Root malfunction
< 9% 5 U3, 98 Hd =5 Ut o&
o8 #Ax A% Ed(unit behavior model) &%
B} F0{Z deviation?] o] HE ©E WS
E9 dg HHE 2F 2tk o]AE cause
deviationejgt &t o] FHFAFL tiA] Inlet
variable, internal variable, outlet variable 9
dqE e A$2 YUFHol F= A4Y Holx
(organizational knowledge base)®} A9 A
% R2d(unit behavior modeD)ZHE cause
variable deviationg ol %3 Zb unity
cause deviation®] ZA =W & AX9 7|5 =
doflA] 2 ZFXAA AP FA9 cause
deviationoll g 715 o]/ (cause malfunction)
& doldth olgA BE  deviation

malfunction® dohl i W accident analysis
algorithm o} 98 7153 Alng FE39 o
of #3 safegurads 7} MA@}

Internal variableo] #HA P Z$ol= I unit
9] behavior modeldlA] THA] cause variable
deviationg Z=th #F9E cause deviatione
thAl inlet variable, internal, variable, outlet
variable? 4 g1t} Inleto]Y} outlet variable®]
¢ oA Awg Had) wg odg F8&
283la Al ot internal variable®] 2-$
T 04 o] AL wEF

A9 FE AL AA Fod ¥4 dgo
qE 94 FHe] Bud, Foizl ¥y deo]
g AA ulxe 35 A3 (propagation
effect)& “ohdiyl 93 o& dAAHY Ax
2o Folx ®4 UYL cause deviationo
2 3l 2 effect deviationg Loldit} o
A AE £ 9y FAo HEdo B2HA
7b BAE ddE FAAAN dF 94L& gol
3 4 gtk

t}& 92 deviation analysis algorithm<
accident analysis algorithm& H-&t}. A3
Ql 23 Ae| Fig. 2 < Ut

=

3.2 Accident analysis algorithm

Accident analysis algorithm2 Z& #x]2]
B3 AH 2Zd dist FrRIZEE LA
7t5% AAREE FE5E ol o) & A
material knowledge baseZHE FTAW AXNE
o] AYE E-o td A3 AF, WA z
£, fd Ao @I ARE Adx, Al

Begin : Vanable Deviation
Root Malfunction

Unit
Function
Model

e

Cause Deviation
Unit
Ovlet v ntemal ¥ e Behavior
o
Cause Malfunction Function
Model
Unit Organization
Model Base
Accident
Possible Accidents

Analysis
Algorithm
S-Sl g

Organization
Knowledge
Base

S

Fig. 2. Deviation analysis algorithm.
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Begin : Malfunction
I Effect Deviation ]

x

Effect Deviation

=
]

Possible Accidents

|
l
Safeguards ]

Fig. 3. Accident analysis algorithm.

7% ol W4 JdEREH #HE JE 93
228 dold. Accident analysis algorithm
e BE AZ 7hed FH Anrl 2dE€
F k. 2 oA AYHA, AJA accident
type malfunction® HEBE D o3 dojut
' Ay, dolgn JFEEA 98 dojue
Alm, dfoldm B9 Eoz dojute 4}
a1 Folth

Accident analysis algorithme 34 & X9
malfunction, deviation, characteristic, material
propertyE HAAIStY HTh T FHEfY Alxn
g #2dd 4 Aok Fig. 3 el - accident
analysis algorithm& el ot

oz FEE AF Ao o qdd F

A (safeguards)7t EA 8= 7HE Gotlzl 48
T3 A4 w2z RE GH FA WX 4
ol g FRE I

Unit
Function
Model

it

‘Accident
Analysis
Algorithm

Unit
Behavior
Model

Organization
4 | Knowledge
Base

1 ]

3.3 Malfunction analysis algorithm

Malfunction analysis algorithm& A&7}
AR FA 7T o)Lz HY FEE AFH
ok AA 9 Vs U2 RE Fojm ol 7]
o]l BN E dadd e HgS dopdd.
Given malfunctionel &3] 2AI3dlE  variable
deviation% A 4 FE A3, 948 Ad F

= g e g o] Wiy ?—:1_%_}01 FH FAE
2 9L nAEs AL :rL" 24} wlolae)l X
A% mdzHE gopdity. Deviation analysis
9+ g Folx malfunctione] 2] ¢} thE FA
e o]y 7lFe mEdA Ped Foi
7% ool sl BEE W= 2E 99 X
o Bald Aeirt Z2AHHY Accident analysis
algorithmg &t}

Maifunction analysis algorithm& Fig. 49}
SaatEel=

#37t28t 8] Al A1E 19979 129

Unit QOrganization Material
Knowledge Knowledge Km)wledgc
Base 3 3 Base Base

. =

Malfunction Unit Hazard Index
Deviation Character Reaction Matrix

¢ Accident

Analysis
Algorithm

=) rule 4

Equipment Damage
Toxic Material Release
Personnel Injury
Fire...

Fig. 4. Malfunction analysis algorithm.

‘1\ Inference Engine ]T

>~ <

Material | [Orgamzamﬂ Unit

Fig. 5. Architecture of AHA.

4. olMAM BA AlA=H AHA(Automatic
Hazard Analyzer)

4.1 AHA 9 =
B o AFgA g obdA AFE B Al
9 AHA(Automatic Hazard Analyzer) & 71

el +Z+= Fig. 5 & ol
B A28 HdA Knowledge Base % Analysis
Algorithm& &#3x2 AojdE  Inference

Engine® 4] 7}¢) Knowledge Base, 18] 3 A
79l Analysis Algorithm2 2 o]Fo]x gl
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Lic Nitrogen

_____ Y
'

-AEE - MEE - &UA

From reactor
200° C
280 psig

RF
RF
20" C
300 psig

172 mile line Fuke3 bufter/eetiing
section BRoz0 - ciseno FRC i 160" C
Water sump ROP o4 290 psig
To feed preheater
and reactor
To drain ‘L PG ; 1 U* .
FO » 1 860" C
Hydrocarbon from E 2 > 2 hal 240 psig
Intermaediate storage 25" C {,
PG +25 psig To after
cooler
PG
Drain and PG }
Na purgs Drain and J2 feed pumps
oo ot Nz purge (one working, one spare)

J1 transfer pumps
(one working, one spare)

Fig. 6. Feed section of olefin dimerization plant.

Deviation Analysis Algorithm® Malfunction
Analysis Algorithm& F&% W& Organizational
Knowledge Base ¢ Unit Knowledge Base&
Ab238t3,  Accident Analysis  Algorithm <
Organizational Knowledge Base$} Material
Knowledge Base& Al&3ich,

42 AHA 9| EX|

2 Al2"9e Ram 64M IBM PColA AE7}
Al 2 €
o Edyge Al4E FA9d AFEL 2F
class& AH&3td AHostdn A9 classs 3
9 classE oz FFHA £A4& AL
w4 A 4tk 429 Knowledge Base,
Analysis AlgorithmE 3  Inference Engine®l]
el e Z+2+2] workspaceE H-oI3H 3 FH
v}t} workspace® F-AFOZH MEE FA Y
F7 e} Ao Lot = 3ttt & Organization
Knowledge BasedlA 9 Z+Zhe] unite] JZ#
Ae G29] 54& o83l d4d7 ¥g, gd
o] golslviddd HEE EFog 7|EHA
Ak Ao AAmol A class9 relation &
2 FEsgxn, FE8Y08YEL organization
knowledge basex framelZ & ¥71x <&
128 &2 rule, relation® 2 F& 3%t

Unit Behavior Model® Unit Functional
Model& AEFZZFY treeTxE ZA HEz2
o] Z o] &3 Ry Yo P FFB
At AHE relationeE EHEHA

#9288 workspacet= o zr}

- Unit Knowledge Base

Mg =7Ad G2E AHEste] TEEH

Unit Behavior Model
- Unit Functional Model
- Material Knowledge Base
Hazard Index
~ Organization Knowledge Base
Accident Analysis Algorithm
Malfunction Analysis Algorithm

- Deviation Analysis Algorithm

- Class

- Main Inference

o} 2§t workspaceE<& hierarchy® F @3t
T3 ANTEE 47 4EE dh

1

5. Alef| o4t

B FAHL F. P Lee 9 “Loss Prevention in
the Process Industries”o]Al @183t tH8l =
3t Venkat”?} A3 HAZOPExpertol A ol A 2
ALEE 7 ETHI6] o] FAHAME o7t

o] Hd9le €A 49 EfE FT
A% B=agRE buffer/settling 32 4453
o2 &£45"ET. o) EFEY Qe EL
dimerization reaction®] J& g3& v|x7] w
Hol feed/product EmE7IE A7l A

settling tankol Al #£&do g A EE& F
I AAE Fig. 8 ol £ F4& Yl

Fig. 9 & Feed Section of Olefin Dimerization
Plant®] settling tank® ] HP-E9] pipeolA
‘no flow’gt= deviationo] YAWE ALl 2
variable®] deviation® HA#AH}AH S BoAFE Z
3o grojr} AFAIRE AW I unitol A
M7} oleto] Uotg HFLol o] ojde] t}
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CECKV-1
QOB
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XX

Fig. 7. Results of no flow in pipe-4.

€ unit 0.8 oj%¥A AMHE e FERE
HoAE ¢ oh olAL B9 ol HAZOP
o]yt HAZOPExpertel A W& Axwt 4R
HEgd A58 vt £ £ Ut no Flow &
Y#H o2 Deviation analysisE +#38 WA
golxe] 7]55 RdeA ©]E2] root malfunction
< =g o Z3 CB(complete block), FR
(fracture) 7} AA®ok A g EL o)
Zo A% RY2HRE cause deviation®E no
inlet flow ¢143%c}, I ©& inlet variable$]
BFE $ong Fx A4 HolA2RY 9
%3l control valveg® A3t} o] WHO AE
2d no outlet flowd effect deviation®. 2 ¥
3o cause deviation® & no internal flows #
3, 7% Rd2RE o] Ulg cause malfunction
& Yo}, ol2gt FHA & WEIY FolP WE
AL YAEL EF dolliA €k

Foizl WE dge] ug AFES Yopr7|
AN unels2 Folze] AF 2 cause
deviation© 2 no internal flows ¢33 no
outlet flow& A4 gt} outlet variabledl] 43
£ UABE FE A4 dHoAREH g
A48 settling tankE AHd 3 o FX2 A
% 24 no inlet flowE cause deviation® 2

3led effect deviation @1 no internal flow &

a7t 8E Al AlE 19979 129

ottt o] BAHL HEsd RE FX
A 9] effect deviation2 143} A€},

Aol B4 A 349 2E FA M 24
A} AEt FARHZm, dulEL  accident
analysisE 483t} accident analysis ° A} &=
pressure buildup, material release, fire, running
dry 59 A122 F8%t}. settling tank ¢
running dry o) W&} level controllert} level
indicator 7} ¢+W ZFX 2 HAlBr}

bR A B4 AHAE tree FAoE FEIA
Atz AAEE A2E BASIR 2 7hed
AEds <A ZAAE deAE #HUF 5+ UA
o] AARZE BHop ¢hdd FFer eV
A 71E BERE ATE 5 YA Yk AR
7tEel BENE Y3 FRde Ao oF
HEm, Ao EAN F9Ho| ¢zl Feo
A gEe B4 A A dojzy) 4
o X EE HFLE Idde AL AA=R
Aol E7bEdtth a2y AEE Alagoezs
oyl d4¥E& FR3I FEL & gt

& Al2fe] Abs o] thE Alade] 4
ol g Alng AZH(ZE 7]5 o)A H
B AA Atz olz2y ZF2E 25 AAsHY
Fi 71E9 HAFH e A FA A
FRE AFNF A} =3 F3 & AALS
AAGoZH F2o g AW S

6.

n

=

Z|E9 ¢GAHY Hote @ ¢ o
A Hestn & o F4E GHdyg H
7te] AF3E 98 oF 2d H wdEE A
St 1, At Y g4 ES B8 @t Uy
o] AP BAS #3t

agdte AR AF B4 AxdAd AHA
£ rule?® procedure, frame, class5& F3 +
LR

EAoZANE AR Aol 2N FHZ
Ag WL Jsoer REdte TErFAH
A %7150 4ol o]&% malfunction hierarchy
& T3N3 ¥FE 90 W} inlet, intemnal,
outlete® HH3 FTE5 causal relationd
Bdstdn, EFAYHol 2N e BEd AHdY
¥ oolJet 83 AAAA nEIden, &
7 Aol 2ol A= & FAHE FAI(IE A4
streamES ZE9 ¥ @t EH3IFL, o
2 539 34 F2E 9¥A B4 HHS
FZ22 A FA4EHT

dngEL AXZE FEEA Ze) 54
€ 93 o wFolHAAMEEH AFd}E

% e
e 2

T
—Er

to rir
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deviation analysis algorithm, 7]% o] Aol A 2 ¥
Al 2+8}= malfunction analysis algorithm, 3%
FAel E8d 3EgH AHERY Jlsd BE
Atz ¥eElE H¥8é= accident analysis
algorithm ©°2 o] #H&gFggor ol
F e R /I FEE YEd ¢ UES
it =3 w@d Atme 9, ARyt of
Uz} Alize] o]27]74A 9] event combination
S AAFgo2ZMA assessmentol HIE L& 5
RE AEE AR Fo

4 Al
g A7 TYIRNSGE ASAFHATA
HE 58 #33349 $5a7aE AT
o &% AYYTh
Ha2s
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