gy dlio

&L 33 onigh &lo (S I (5 5lwo 38y jbko Sy (U3
9l gy 3 ool b ol 2

@bb g&.wg.g‘ A plé LV 7) C)'.’J A )9 oMW Ag,o‘ Jd ‘5.>L3Tgls csjb)*" Gﬂa‘a.n
#Y ‘;)M

S pade ol&_zily (i blags 0aS_zils (gla b, o blagy widige 05,5 Lokl
o=l eolaer lasn

(e Sy pade sBiils ciilags 0aS_iils (glad o o blogy wdige 09,5 Lails |
Olpl plo—an

olSzily il 0aSiils ¢glas > o blagy (i 0,5 il il IS gom s T
Ol ol Glaen (S bj pole

Lé_wéu.e(o 03)_? aA_MJ)‘ LTMJL.M:)[S ngML) L‘S.é)m @Lal.: u:_wy J’-‘A—Mﬂ-‘) OJ.'A_M’; S
gl sl e e Sy pyle oSl widlagy saSiils glad > clag

&by Cblogy (owiigo alxo
WAL (lawsl oF o los ¥ 0590

usf.hse@gmail.com DOI: 10.21859/johe-03021
oouS> VYA YN0 i el 4o fu b

Gl lad e il B slajlE g0l Jla e LPG (g5l 0,53 5l 5 40 taoddio
il gL loxisl s BLEVE s iilo laolsy 4y dlyiios oy3in ool Slygioma Sisle) 05 oo
L Lagl ol Jlaial (e 5 Soly> slagy s g Laasly § e oLl (olply 055 yonie
Slag, sy 3 T g Las s o 5 JUT g, 50 oS 5 5l a5 (Bowtie) Ssmls s, 5l eolin !
il e aslllas (ol Bas g 039 (5592 5l S9—So0 Jol>

5LV LPG 5o 5 05 2g0 ol bt el oa_elonl VY20 JLaw 10 45 aalllas oyl o 5515 o,
g 00 gyt BTA looliiwl Ly Lol slag ) 5l oe glassly 5 olwlis FTA (ig, L o,
Laasly 5L 5 e 5L6 5l aol> oo Bowtie ol, S1o 5l ealitasl L 5 arasleo plaS 0 &¥Lozs]
W3S (i g e

St e g ol 5, YLl L ol e JBlos (5,0 V) g olag, V) oo s (laidl
oo 5 Sy DYzl L ol pan (Lol oy, o gl g aaly Vg Gz Can jo S
(59)S oy 3l LPG o)) Lol slag, ga8s Jlaiz! 08,5 ak i Bowtie o, SLs ccul,
O e le Y/FOX) T

Bowtie al, SLs ;o (5,05a8 & e od Ladely g ols> slas, o |30 Jalse 4 on 15 Sz
5 S a5l e Blas i )0 a8 el oty Lol ayd>gi Ly og i e 00l i les
ds 4 0Bl s LPG (5500 )0 cotlyy sl ali alazil (50 (o oy Lag:ds 1
i e Lty 020l L 01255 68y (slareimmpos 4l 4 i Ll (YL Loz
ol 558 550 aalllaes e a1y 4o Fire stop ot ww ¢ (g5lwcSCs

VYO8 ¢l oy dy g,

igals (5 3lg
s o U
Slagg, e e 5Ll
oxigh o (i 5
sl wles

S pole oSiils (gl i3 G oled
ool Lgazs laen

doddo

Ol Lo gl o S Jlw 0 b soa s Sols>
cel @oly > ol aS eoloz, (LPG) saigi ple i 58
Oyl oEalS ( Bedx slmodiyy sl g ol Bl ol i aS
oad Lo e 5o (gou i sboes i S5 9 plo—w
asols a oles e dle> ol s et adexl [Y] el
i yleiil adol> 9 Y44V Jlw 4o o Vishakhapatnam
byt Soly > 5 VIAF JLos 18 i asSa3So 3 (53,5 (5350
ol SeSSbg Voo f Jlow 0 ose Pune o LPG y5Ls 4o
5 50! Tomahawk o Y-V Jlw o Wiseul V89 Jlw o

e=lie )3 oo (it 5l (S0 ilwe 28 (55
b g (centg it SYgaze (i G )3 a5 03 ol
O3 ol ebioe )l (plod Sl I glos S
9 Juitl ol (ol Sl 5l (g3l ) x> Lol s
by som) el ol pad 45 055505 oy o |, SU s
ol 5o 4ol e, N g o Lyl jo (goanie ol las
5 o 5 b sl bud Joeod Sl Cl (See (3L
23,5 i ye polio wdgs )3 Dae SYob (slaaidy (izen
45 Cwloads s die 48 pdyplonil lo o 4m 4z L



VWAL lewsl oF oylols ¥ 090 (glad yo Cabilugy (owdigeo alxo

sald asls o LPG) snig—is =l (= 58 g5lwe 3
Jls 5l gy ol ol o Bowtie SC_uSs 5l sola il L
a8 318100 0 ol X igh d>gid a0 yidon dndan Yo r 0

Dol e

pLyelY
aalllans g0 anly 0 485 &jgo (Sledde lan 5l
iy b olpe bl gz ) gl &0t (S]]
Al oledbl (6 jslaoz 5 adlllans g0 o ly )y 0
L aolas (i Slaslin 3o,k 5l p3Y oledbl 5 Laosls
Coslaar o 5 olilae oA id g ol sy ellits S

IRy
ady lodlll gy a5 dalhae 350 a2y o)
HAZOP g, b Lol clmoligg, olles
s i85 L Slsgy 2y Lo

o =iy 26

£

oy 3l

o L NP R 5
Wil Bty g oy e

MCSs

Bowtie ol SLa oo,

o ploml Jole (085 Sl ) ol

amazy Ly HAZOP g, Ly (Lol slaslys, bl
a8 5 o LPG (5l amly jo calisee ol plas o4 >4
ol Ll g, sl g glads) Sy (ol L o
ol SLo 5+ JUT 5 puw 5 Cp> 0,5 sl (TOp event)
9 e 5 Sl Ce B0 g L oo s s al laul Bowtie
90 oS 5 5l Bowtie g, .00, 5 ploul abgs o bl
g on sl slasys, cs o Ul g Uas cs s 5 JUT s,
+EAY-NUREG s lsstsl 5l (g, ol «(FT) Lhas s 0
5 8,5 T Fault Tree 5 JUT og, .ol oo e
ailgd o a S ally S 5 a S el alate Hloged S
Top Event) a5 , Liis 50 ol s slagg, slas, 4y =i

IV-vT somas o)Ll VAAY Jlow jo (i 0,5 g Voo A Jlw o
SU s slge (3l esd Ly LL3,| s loaas sla 31,5
tiie Ty 5 by g5l e 0 45 LPG ol
Slasilodde a5 9l 9529 ol p amlio ;o ws3 0
00 Sy e (e s (595 WSl S lg
Syl sl an ) i ezl oz o 5SS Ly s
BB slayl8 ool Jlaie LPG (g5l 0,053 55 4o Al
o=l Slagizme Gl g O se )M Lsdies Jlu sl
5 gl )5 ol aile (mlaasly 4 wsilgi o0 55
Slys oSSy g el slalxiil s BLEVE) oLig> JL>
[a] o9 ;e o

el bl bale 5l (i lass 5 bacool J,08 (6l
s 4 0L LPG (5l s il Lo b5y
b5 sl Yool bl T op dll ol bl o
Ll 4 sy oo snliul il LSSy 5l S,
Slaal g (w350 pmlio 4 azg Lo ol )
Sy byl sl 5D T amsb e ogliie wlllas
What sla by, 4 olgsos goilp gnlio ;o eoliiwlsge
o, ETA 5 ,FMEA, FTA, HAZOP, Dow Index ?if
=bil g oo, S JLbo |y gatso Blaal pla S 0 4 S 85 o
2 Y o Y] e e plsul ol a1, S,
LPG ;lse ,o Tamil Selvan L g 45 glaslhe
5 ol 55 ml (0 35290 Sl S vy ) Tl ouiplx]
Gl (oS D jg—ody 5 ol asiie Sl > glag L
00 deglie oAl s (gl il Ly s 3 el 00
Gl 0a0 8 et e ALARP | szl gl)ls =g g
ols plosl Yoo Jlu 45 45 glaalae ;o Markowski [1Y]
)0 &3 dg—ei —w,p |, Bowtie s FTA § ETA 34,
Loatyd eyl 5-aUT sl s, 45 5,5 lsie aslllae ]
Bowtie s, S5, ;o i ol o FTA s ETA |55
Ol 098 eslaiwl Soly> glagy Lo Sy (=)l Sl
T GBs 95l (silme n3d (550 S alllas (ol 5o
Dl culos, s

bl il s immen s Y Sldg e e g L
Silwo w3 o5l o Bowtie g, 5l esliwl Ly Sy
5 Sty o)l Sy o A 4y 525wl 0 LPG
9 J9—an O g—oh pge Dol Slagy L ad e
298 sl b anlio o Bowtie iy, leslizwl Ly (S
=572 LPG (508 3150 (silme 53 Cood (5 055,
DBl e aie (ml )d St Azl A Sl a8 SIS 05
O3l Sy (=) aalllae (ol Sl B ol ol



oles 5 g3bT e (1) yo

9 50 50 JBlax by Lo pe 4l slmslayg, Jloio
Vesely,s Fussell g, 4 al slay, el ol IiFv
S Ceenl (e e e FV (3950 sl o
2 ko bty s 50 sl o Sle L anly slsolays,
DS o0 Al | (ol Slas; Jleizl g 05 S o0 S
Ly s 90 slas; Canl Gl ¥ oatal) (g5, 5l Gup—
Jslas clai i oty Lias [1A] sylei oo aloxs
sl oo dplowl oy, 4l glaolyyg) slasian a g L
s olag, s )‘_,,JL;T «(ETA) ooy, cs o }_SJL;’I Iv-]
ar (i Ul 50 05t oe planil (S a5 (aF Dy50 99 4
BT 5o g as ass sy (lagy i) JBlos Lo b (s
Ar S Alona 0 el a5l e et 8 JLai o
—bla> laay 5l S, e o dbee Ly oS Jlois!
5 V] o )lamis s 4y by o cngos (sLmosls 4 amg5 s

A oAb (o madia oy L

Pr(consequence) = Pr(TE) X [1j=q Pr(E) <k,
S o sl Jloz| Pr(consequence) alal) ol o as
Jiws B (E) (Lol slayy, Jlsisl PA(TE) Lol
Sl oy il oo o blis sLaaY Cdbye Ly conSa
S (sl () by, S S5 il Bowtie
Sl oobaislo ETA g FTA SCuss g0 oS 5 5 4 el
a5, sl o 5 Jlai! wlwl ;1) abol> slag ,lw g
B3> S o5y Bl by ol S o ()
L)l S anwgs 3,k 5l sl slaslyg, als Ly
ooz e wgllasl slang, S slaasly g Yo w (alate
4 S aeo o olois Lo oy Bowtie ol SLo & 8lg0 .ol
adol> gl SO 0 il Glapis g 0,3l g Dl
Lo bls)l ez Lasely 5 Lallas g 0 iiS oo Joe a8
=l el 2 g8 Jlasalas Sy o)l ;. Kuse
] g (ve) (7 log b Ly Lacde 0
J—3 505 g0 ,0 asol> Bowtie ol , Sbo bl ;0 a5 oo
=hme g lw g Laslayg; g o oy adols jlas g

basl
9,5 w0 HAZOP =liasa sy Lilhs o s
C«})Q uu_z: OMa— g ..\_nbjf ul._?u.:‘ (Ls_l.o‘ bl..\_as)) )_!A;Q)}A

PRSI SOOI U I P G RS VNDS) JRCC SRR g (v WO
09— oo oolaiwl (AND,OR u_il) o Jgr Lol slaolss
Basic) 4l sleslyg, as |, (Top Event) Lol slag, Ls
oS b5 . (Bvent

s 50 5 JUT g, 5l g dll atol> o Juso slag L slas,
O e gy oyl 3l eolai il 5l Bue a0 )8 colaiul slas,
T—o 3, S 5 pac Oygo 0 J sloonly g aJgl slo >,
Wil e diay lasl aJgl sl s ) S o ceul S
S Sy4—0 90 4 FTA 3 JBT:(FTA) Las ez 0 50T
9 o 4 L (S Joe y0 0l o0 Djgo (S g
Minimal Cut Sets(MCSs) L, J-3la> sla by oo
colasS ol slang, ga8g l,m 4 cnlanly sloaslag,
sla sy s Top Event o¥laisl o oS Joce ;0 Lol S o
CBy0 Gil (oS Tz 00,5 o duilee s Bl
s DY NF] o)l alio ans by o (cogec (sLmosls I Ll
Sz 00,5 ooliiwl (el yraasie ;b g LagT eoles
08,5 eolaiwl ¥ g ) slaakal, I TE slas, Jlaaslawle
Pana(E) = [T P(ED) 4 o,

Por(E) = =1 TIiza(1 = P(E) ¥ 4,
A 39,9 sloaslug, JS olaws kK dlsalal, o0l o 4 S
L ol dlag, g9-85 Jloisl Papng(E) «,1ais )90 ojlg,0

Sl g9-8y Jo>! P, (E) And go4,5 L ol dlasg,
shas, Jlazsl P(ED) Or 35,5 Ly (ol slasyy, Ly (Sibes
ot =50 gV YK o, Bl s e 50 10 Laslyyg,
Bowtie g0 Lhs s, 3 Ul sla >g,5 o
5l S = dmportance measure) ceal e awl>e
Slag sem 5o Bl slahy g (Sle Lo g 4l slashyg,
slaslag, coredl olie dmwle e DAl il oo Lol
Bl gla i coal (e o ¥ ataly 5l (Sbs 9 4y

40,8 oolaiwl ¥ alal,

Fv _ P(TE)-P(TE) .
= 2 ¥

i P(TE)
P(M;
— 200 ,P(M;) = [liem P(BE}) ¥ b,

~ P(TE)

IM;

P(TE) . sl s ol e IM alal, o] 4 S
P(BE) . J-8la> i Jlozol P(M,) « Lol slayy, JLais]



VWAL lewsl oF oylols ¥ 090 (glad yo Cabilugy (owdigeo alxo

gy dm bae olag) om0 i ‘Q'I SVl
5 sl plaasie j5a> LY el Golke ;3 Bowtie
N pimle 5 (SSL inle) sl 90 3 (Shilee ol 4
(o) Glapins) (bli> a0 Loz 585 ;1 o Loy
Laslug) Iy g olso aliie slag b pppnd Soaly
S e Al 0 S e 5 ol sl 5l o
JErac S Jloaizt as pldl oy, oz o
51 00lial Ly s § 00 pmed oiblis slaayy 51 S
S 0l aale Lanasly 51 S o Jlaisl 0 ojlass aluy,
il glagy L Liad ol oadiools Limgld ¥ Jgom 5o

idge Ly &

03,91 Jgoz oyl 58 55 Sl sais =l ol an e a S

] 00

5505 Ly Ui 3 S s 4l 00 ooy
sloslag, slas, Jloizl aw) plasl 4 LPG 55 iola,
Slosluwl Ly Llas o5 0 (g5l oS 5 oozl sl aly
sz 85 sl ¥ 5) Ly, 5 (it slaojly o oosS 5
sleolagg, olas, Jleixl g 4l slaslayg, slas, Jloixl )
ol |y (69,5 035 )| LPG ila)) (ol sy 5 (Sl

AR o
9 ok 5 4l slaslayg) S o cnl Gl izran
solawl Ly Lol slasg, 59, ,0 MCSs) JS8las> sla iy
0ae] ¥ g ) Jglocm )0 i 5 an g oosddwlxe ¥ g ¥ sy, )
aine g Lz G 0 w5 3l am alog,y sy o]

9 oA_S)BT S99 4o 6L{bul.c 9 )_Eﬁé)}xa lfl'a| ‘3“)'—.{5) QJ._MJ

Lolayg) Cuoal (liee 5 Uas o350 Gloo 5 aly laslag) slas; Jluasl ) Jguer
Comndl (5ir4s Comdl Glime S p0) 3l Jloxs! Slag) hpogi Lol
al ol sl (JLw

¥ VAXY + ) L5 filling) o35 J51s 4 slge olizal s, BE-

Y F/YFx) o AR G315 slo Jskos s BE.Y

Y F/YEx) o AR () Gidig) JWl s o a3 BE-y

| V/8x) v YV S ages 5l S alss pae BE-¥

\ V/Ox Y o Yx ) aa3 e i STy oadadlss lye b 6 yae BE-5

) V/Ox) o7 Yx V- PSV cud b 5l i s iulél BE-#

¥ YA Y o AYXY o s )5 BE.v

\ Y/AAXY o7 Yx e Surge drum s ai BE-A

d Y/AQx Y o7 Yx )T PRV s _ai BE-4a

> Y/AQXY o YV PSV s i BE)-

v Y/AGX) o AR RN s 58 55 Lali BE))

A Y/ax) o VYo drain valve j .z BE\Y

Y/A Y o VXY LI i b ekt BE)Y

7 YAFS KR Fx) o' Sl il BE)\f

2 \ZAESRS V) G5k plEin 1 35 o SL e BE\s

. Y/YFx) o0 AxY o TI&PT ;5 i BE)s

kel ohs, kel sl AR s955 o I LPG (e, TE

d Y/AQx ) o T APAR S O SS IE+\

Y AJAY XY o) Y/e PN Slabl s 5l ala) 5 e G oy IE.y
(PRV)

- VARSER F/AYXY T Soy55 e &y e b #lgus IE.y

\ Y/AA XY 4T Y/eax) ot Lad onals slapiapes ;5 Laki IE-¥

v VATX) e F/oVx) ot oen il s IE-8




oles 5 g3bT e (1) yo

EAF A
E
l\{}l/’ k\(H--J

ICEVARTVANEVANTY,

h v
/BE" /BE\ (gz /BLE\I

Py Caed| Gussad

Jilos

“ 1t € 1 -t

B

Jlos>

YI¥Ox) -

-0

Y/ax\ -
Y/ax\ -
Y/ax) -
ZIYOx) -
VO -
Y/ax\ -
Y/ax)\ -
AYx\ -
Y/ax\ -
Y/¥Yx) -

-5

-#

RY

P Saed Gl

-\

R

-\

-v

-\

Al

ool 5l Soye caedl e g as o0 4 by o JBlas sl by oy (¥ Jguo

(Jlw

AR
Y\
Y\
Vx )
Y/Vaxy -
Y/a%ax) "
V)
V).
¥\
V).
Ax\ .

-5

-y

=Y

R

R

R

R

R

S5 %) Jhoss!

o

BEO1,BE04,BE05,BE06,BE07
BEO1,BE04,BE05,BE06,BE08
BEO1,BE04,BE05,BE06,BE09
BEO1,BE04,BE05,BE06,BE10
BEO1,BE04,BE05,BE06,BE11
BE02,BE03

BEI2

BE13

BE14

BE15

BEI6

CS1
CS2
CS3
CS4
CSs
CSe6
CS7
CS8
CS9
CS10
Ccs11

(Js Sy 39) Jlais!

woley

(=bla> 4y cnsls
Sl oS sln | gbas Ly

VeYOx) T obe Slacwl )3 gies Jli>! s BLEVE ABCF
FAEx) T ol Sy 43 gises Jlazsl 5 Jet fire ABCF
Y/AYK) T VCE ABCDE
V1YY e T Flash fire ABCDE
V/EEx) - T ool Gials, ABCD
OYYxY T Fire Ball ABC
Y/AYK) T VCE ABCDE
VAV o Flash fire ABCDE
V/$Ex) - T ool iale, ABCD




WA lcwsl ¥ oyl ¥ 0,90 (glad o clilogy PRI Ao

P cbilis cuss
: a5 U;m’ ey gs s e | seSbae sl S liagsa e Consequence
o alass
A B c D E F
<X P . .,
200 _I*”b'“ Sluls 5 e Lozl g BLEVE
AR | s sl o gisss Jlaz=! 4 JET FIRE
SSE | X b
, ‘ VCE
5
] A
AD = FLASH FIRE
Dt oyl Sl
S AT
r v —_— . FIRE BALL
T2y | Y b
, VCE
| i |
i i i
|l CAD 3 | — — | FLASH FIRE
[P ool Ghaley
Bowti ig,,0 53,5 o35 Sl LPG 55 sl 4y by e o 5 olaygy 50 1Yy guad
sy | gy | ae | e | e [ =
] (C e LPG | s i | st bl ]
N ‘ g | Last * "
L, e [
(28 s FREYEES
e X
T EB—=De-[8h— o B e e
‘:_‘F_E“' ~ | o | | Lo almasl b 5 yocas Losly JET FIRE
TR T
=y e B vy
@ ?},—-— e ot Jo— ok o
(58 Ty |2k FLASH FIRE
< - Lo
(= Be— (= Ee L=t — o A

le L~
%,.. —] @ Sk FIREBALL

(g Wy s X [}
_u_’m — L ot VCE
=
| R e
— = FLASH FIRE
[é B oyt gl
. |8 -
\ U s | | slaggy sy
| | \ / L

ol eaims oS5 ¢lj>l g Bowtie ol Sbs :f gl



oo g gobl e (S5 o

e e VY] o acilone V) T s Lol slasg, slas,
S92 aalllae jo (ol slag; g9-35 Jo¥o 50 3 5l (s
ey Sho sllas cos s asls sy folas vy 4 oy oo
soe yo Wglds s wien ol a sl LLs | Bowtie
il ooy Lol lays, o8y Jlaiml (sl satarlns
slaz Jlooizl g ol GloolS s 39— j—ige J—do 4y
asdllas ;o addllaes g0 Loy P )0 4l slaslug, b
a5 1) gaamas ¥ Jsicr  amyt Ly il s s
Olime 9 0 A wle Bowtie ol , SLo glas cos s asls o
DS G g e bl Lol I S e oo oal
slolyg, shass am azg Ly JBlos o b gonas,
2, ge sl a S o Splodl By e el
Sy ga 03 i [V | alie wlalllas

Nima oUsT aallasl aadllae oyl sl dylio 4y amgs Ly
s DagingWang ] axlllas 55 5[] 15 ea g khakzad
Sla oy olass a5 0, 6, Sams e o [YO] o 5o
sl gloolyg, slaw oy Sy ol o0 ;o J Bl
“oy 5«9 slmojlyys 3k sl anl slaslayg) 3959 0525 5
Slagipolassas poas codl jo bl aslsasdlsls
30 daflland jge pinw ail ol Las a5 0 SO 0 8l
Dlion el Aol gy 985 4y

Joiz 5o (Sl g anly sloslny, S o ol (e
Y Jgoz ;0 MCSs) JS8los sla by e onl oyl e g )
BEY BE* Y)Y 5 Y asb slag, o ;o a5 cwl sl

Ot 9O AE*Y) ¥ b olass, g 4_>L slaolyg, Ot 9O

3 =5 iy s cenl iy (6l (Sle sLaslg,
s A JBh Loy s 5 aiibige Ll 1) ol sy, 93
S (CS®) 0 J8las oy g oy (CS) £ ,CSA) Y-
Lo aiiboe Lls (Lol slayg, slas ) o 1) cenl 5 3G
J—slse 39— gl a5 S iS5 s S0 gl gl 4 4y
a2y i ol Sl g 0)lgm0 ST e it
Cblis s (gloyso Sl 5 (5 g S g Dl pand 4y
shls g adb o asdlacs jge azly o 1) (lojmg am g SIS
Dilge il Sl b a o (i Sl
aalllas o 0 awslie ;5 aallaal adllas ol 4o
Bowtie g, Lo a5 . K_s» g Rachid Ouache L sl
O o 9 4k sl (b geeame;d Sl oa ol
5 4=k slamg; plaS a Sl e dulone plgsi e 1) Bl
3l ool sy, slacs; s 1) 53l sy JBlas i plas
3 e 9 ol Bl By g 0l o aloee BB S
alllas (ol e 5 ol S8l 5 aliie 598 aalllae

4 by e ol edbl g Laosls S5 L, Bowtie ol , 5L
L)i Sl 9 o».\_ww).t b‘d_lﬁ) Ca_’~>)¢ 9 s b)&
S U NI B
o‘)_.o.tb ‘51,4| Q‘J_Aj) oJ_J)jyl e J_Ab.: Mb‘sﬂ W
5ol Sho ez Caws o —thie lpojlgye g sl o L
LaaY ol Eibge Ly oSt Ly ol e o sbli> claay

et ) cgr il ey S ol b Lol
cVLeal w5 9Bl gl 5 3230 Lol )l 4y o ol
s5—bar ]y Sole> ou sl 352y 4 Loy L 5 Ol a>
Sl 1y 6t sLnsgin, alyicge a5 ol JolS Ly s
Vomeas dm g Lol Lo plojlw S 0l gl me
Bowtie al,Sls Ll cos,s i pos i dlo o gl
g slasl ol V) et Ly Jde VY goammayo olo oyl
e J 3o LPG 5 ile) sla s, 5o (Sl sy, 0
Cdilhe 5 (o) 23550 ) Sl Ly aslllas (ol m il
allas dy bgo o 00 b 5 gllas B0 0 .35 18
LPG 5 jiola,b LLs,l o oK 3 Rajakarunakaran
Shacgy Frganl slang) 17 goemme)d 9—alS S (55
aalllae 4y Loy yo 0o i sl et o 0 5 [YY] Sl
adllas o 5 [V asb slosys, # ol 5en 4 RefaulFerdous
540l s, # s o, K—» s Rachid Ouache Ly -
Ol spmg AVF] el oa s olulis Sl slay, ¥
iz pz LPG los glsdl 51 S0y p0 bz il>
S sl (85 s sl glaslag) (ol (B pnS
mh g 5o e glaolas, sl wolalllas glssl s Galiee
e 5 anly Lol slasd ;o gl& saas Ju¥o 55 el
S ) Jedz 4 am g Lo ol ailgs e ca b plulil
s, Jlazh) glaebl b 5l iale) 5 0 3Fee o
CF1- V)T rola s, Jlaiml) oo 5 i (¥ %)+
i A (P8 ssla s, Jlaisl) e oSS 5 g
Jlazol ai sl o LIs LPG 58 iylay o 1) (i o i
= (S5 0= I LPG Giole)) (Lol slas, sla s,
sy lallae Uy acalllas oyl gl ogs S anuslocs Y/EOX) -7

S el 5 (05
LLs,l o ol 5ea g Rachid Ouache Ll 45 glaallas ;o
Bowtie g,y sl ool L LPG (g5lwo u3d 55w Lo
S A (e (I e 9 G (S S 5 el el
Jiasl g o sls LPG 55 inla, slacs ) jol, 5T o i



VWAL lewsl oF oylols ¥ 090 (glad yo Cabilugy (owdigeo alxo

ol Dgliie asllla gl dy o 35b acslllae Lo blas
99 9bs o Lioles |, Bowtie ol SLo a S F o U 3las
i s IS (A 5T 5 (o8 5T s 5 6T g5
s e 50 d(Laasagy) ol das Leld (60,55 5 —wlol
DB iz ol an an Laasly wlagg, cs o Lol sl
o 5 Jid slagy i o ibli> sLaay Jol 5 9
(bl Lo b g bagy L slos ) oYLl wsly > 45
L ol el sa a5 olalis o anl e
Las ooz o 5JUT og, 90 oS 5 5l Bowtie g, aiei;)|
L acsllas (sl gl sl oo ol slasys, e s 5 JUT
i ool cedllas g oy ) Slalllas

oS BT Jols 5 JUT g5 90 I, —sa 4 De.Ruijter
laay Ly ol ap slayy, csys 5 L oo s ol 5L)
Sy, o3y g Lhas cs o pl, 5Lo) o8 Ul g ((ible>
Sy, oVlasl b Ly ol an —bli> Loy
@l Loy 5 Lallas LU, Ly ol en |, (Laasly 5 Lo
Targoutzidis ;—coen [Y8] oo 5 ), Bowtie i,
slas g, |, Bowtie g, 055 aalllas o oo 5
kol Slagy an a ol o g00, 5 gg, i ol e il
Sg—bise (o2 43l Sladaly (w5 9950 0310 Lo
Jlh sla by 955 (ae 5B 30 s 5 00,5 iy a5
e L olan T ¥Lazol g i | adols slagy lus g
alosged aloe |y Lo p g Laslug, 5l S o Cron
Sl e § 393 Olallhe U aslllas ol zslis [YY]
il e alze [YY-YA )0

S 5 4o
O s g adols slansly Jloixl g oauSey o Jle
aLol> slossly L ouasaslsl g oaiSgg, 3 lag L
E9-89 Je ;L5 5l asol> o Bowtie ol SLo ;o 0_ib oo
Ol al 3 ol o as  Sboy wolgs slaasly L adol>
o it lag i 5 Bl sla b g Laslg) Canl
S5 80, 0,0 o sladsly g Bolg slacs, icals
Sy byl o Bowtie i, 0,05 slacois , S
O am be e slaail s alad fyole i Bigy (SIS
a3 BB >l ol a e (og | >l LB g ol LPG
$ddxie Jslge a5 ols oLis Bowtie of, SLs il e 5 0!

el il 818 Cpenl Loxny! yo S —dlae Ll [¥YY] il oo
6|)_nA_>5dub 61—“9"-‘%3)(5‘)—.’“—?‘"’—#"-“‘ Q‘}—:’" o)_;)lfd_f
Sl b e parads - il iz 90 [l sl
Lo g anl slaslag, 51 S 5Bl asals (pens =Y 08
o) Al a4y el a S a5l Blas sla by
Slagy E58s 10 (6 Fdis p L Lol 5l Sl slass
Laolag, ao,0 Ve 5l S Lais o)l 5l (g, ls o aiylo u*’T)
= odle ol s u‘i) Slangy amo,o Ae 5l o £g9-8g 40
sobriedy aolie jaast Cemdg and by, e (]
°)—!:-éj ;/_'.R..SJ)_M.S ‘Lé_""’)).Lf ‘6)|A_e‘i:5)_~q.u s
Loa p2 amlbio a8 (jlmainte Lo dbmginay L5 0dlige
«)9_»» oalo éH &yt Mﬁ“f“"—““‘“’ﬁ“‘-“’)‘ JJ‘Q}A_!
0‘5_’(5A u_:.o.m‘ u‘)_..o L)Mz.._w )‘ gé_al.uo ua_ga;u - es)l_c
0SS B e il e slaple) s —
Slodoe g 45 glaalad Cl plo aou] 0 1 0, 4o lakad
L ess (508 (o) 53 sl 3l ol slas) £585 50

29,5 7l g
q Ea—atmoyo aS sl s Bowtie o9y 4 be e olag,
sloaay o bdge Ly oS e L slacdl o a sl
a S lilan ol 0g g 4 ailys o Laslayg, g5 g —ible>
L oS Jlaml o plasl slag, s o (a8 g
Joizl g oo by —blax sloaa 5l S o c 830
o &S alisee glagy L ol e Lanaly 5l S 0
Vo Jsaz o a S o b a uwbxe g o0 Laaly sl 4y
uJ)»—MAAJ 6‘)‘0 ABCD 694)L_~.: ] a0l QAA_)LQJ
asllas ol mols aul Lo 1y ood coo s dsly g
Gt 50 g liw g ol Ve ol Sea g Rachid Ouache
Ladl ooz, eV¥laisl g olwlis Bowtie gy dlangy a0
Tamil Selvan a_slas o imen [V¥] cul satailone
LPG ;5 SLSL jiole, amei)s aaln 0 50 oK wa g
A_AL.: 55))L_MJ (o | OJ._‘:‘J; du._M:l?:.q 9 LS:LM:L.MJ
sd—ddwle LPG 58 ool jiole; 55 a e ol pgo
alie aalllas ol 7ol L 98 lallhas oo [YY] el
Lassls ol soddiule OV ozl jo coglay L 5 ol
slaay cpige L el Jloizl g Lol slag, slas



oles 5 g3bT e (1) yo

B o bl o)y us v deslxs o
> 0g—ed S oy, S Drain o8 e L s ls,diges
Il 63l 5 Slasi 5 50 J20 50 000 35 0ls s
Gl cobabre Jl ozl a>g Ly o cen Lo g
sy o sloirs Sy PG ile) (Lol sl
o drn LT Loz 5l a8 cl 530,90 asllass g
Cald glacd wo)lyys an@le (il Hlwses
9 yeS g ey S0e A dnd (5880 9 oy (R
DBl e )0 Ol =l 5l (S aieen) (e 0
pa—s S92 (593 (5 NS Sam plyedr ;K5 550 555
el adozjlanly Loy, (95,5 ©YLaiz| )5 coalad
a aallle plosl a5l a8 05, e slod 4y 398 aalllae
plasl saiyl )0 4 o )ls (pae - 5508 Ly 518 Glate 050

»)5_»»

S b
ubjf..u Qg S olf_m}!b &L":’.' A=y oSl jl obb

olf.x;._..%j Lo a S oo sloag) Koo o A._QL')\)_Q;

REFERENCES

1. Lees F. Lees’ Loss Prevention in the Process Industries: Hazard Iden-
tification, Assessment and Control. Philadelphia: Elsevier Science;
2012.

2. ChangJI, Lin C-C. A study of storage tank accidents. ] Loss Prev Pro-
cess Ind. 2006;19(1):51-9. DOL 10.1016/}ilp.2005.05.015

3. Mou X, Carleton University. Dissertation. Engineering C, Co P.
Quantitative Fire Risk Analysis Case Study Using CUrisk. Ottawa: Li-
brary and Archives Canada = Bibliothéque et Archives Canada; 2009.

4. Reed S, Tromp F, Lam A. Major hazards—Thinking the unthinkable.
Environ Manage. 1992;16(6):715-22. DOL: 10.1007/bf02645661

S. Ronza A, Fabrega J, Sinchez J. Contributions to the risk assessment
of major accidents in port areas. Barcelon: Universitat Politécnica de
Catalunya; 2011.

6. Taveau J. Explosion of fixed roof atmospheric storage tanks, part
1: Background and review of case histories. Process Saf Prog.
2011;30(4):381-92.  DOL__ 10.1002/prs.10459

7. Pallotta N, Giovannone M, Pezzotti P, Gigliozzi A, Barberani F, Piacen-
tino D, et al. Ultrasonographic detection and assessment of the severity
of Crohn’s disease recurrence after ileal resection. BMC Gastroenterol.
2010;10:69. DOI: 10.1186/1471-230X-10-69 PMID: 20594291

8. Florea G, Popa M. Safety and Security Integration in LPG Tank
Farm Process Control. IFAC Proc Vol. 2012;45(6):1828-31. DOIL:
10.3182/20120523-3-r0-2023.00436

9. Landucci G, D’Aulisa A, Tugnoli A, Cozzani V, Birk AM. Modeling
heat transfer and pressure build-up in LPG vessels exposed to fires.
Int J Therm Sci. 2016;104:228-44. DOIL: 10.1016/j.ijthermals-

10.  Marhavilas PK, Koulouriotis DE. A risk-estimation methodolog-
ical framework using quantitative assessment techniques and real
accidents’ data: Application in an aluminum extrusion industry.
J Loss Prev Process Ind. 2008;21(6):596-603. DOI: 10.1016/j.
ilp.2008.04.009

11.  Fabbrocino G, Iervolino I, Orlando F, Salzano E. Quantitative risk
analysis of oil storage facilities in seismic areas. ] Hazard Mater.
2005;123(1-3):61-9. DOIL: 10.1016/j.jhazmat.2005.04.015 PMID:
15908107

12.  Tixier J, Dusserre G, Salvi O, Gaston D. Review of 62 risk anal-
ysis methodologies of industrial plants. ] Loss Prev Process Ind.

slosaly u*’i) Shas,y 589 ;0 po L5 0 Lo (mlesa
P QS PUPI I PSS RV Fip =TSN W] ¥ p S W E Y
Al ) blosl o adde a5 50 o 5y 5w 5 Logds I3l
Jolss im0 Lo ay SC3IS a5 ] 45T Sledlol o
Slasg, do i —ihaie Gl e (b, il 5 0l
‘S_mbwib‘ ol o.A_a—‘ Y 9 Y J5~.\_’> Be s LQML..) 9 &)‘j

£

ool sl £985 50 1) e (i 45 (leslayg; ay
=l et 0y Sas o (5l ls Laasly 5
=l sbaghs) 5 =hb s bLi plalid Wil . Siy
Ciomed e L5 lg> oo Fire stop cai poe ol
T g ally coly > i alS gl leslei oy 4l ol
Ol o amle B man il JBle a5 (gslwding o
1, Epanlyy (slaolays, 455] e Bowtie o, s a5 JS_s
3lgo 5T pa | (PLadl LB (slaslys, oS o (loles

i ools oy a sl ol o pladl BB glaoslayg,
LPG (Lt asly jo calisie Ol das 04 >g as a g5 Ly

= leme el as s il amgi a4y 5Lg 4 S (go,l5
Loolgh (g a8 «Spils cbiliz g a5l oo

2002;15(4):291-303.  DOIL:__ 10.1016/50950-4230(02)00008-6

13.  Tamil Selvan R. risk assessment study for LPG storage and han-
dling system of heat treatment plant. Int ] Emerg Technol Adv Eng.
2015;5(7):122-31.

14.  Markowski AS, Mannan MS, Bigoszewska A. Fuzzy logic for process
safety analysis. ] Loss Prev Process Ind. 2009;22(6):695-702. DOI:
10.1016/j.j1p.2008.11.011

15.  Cockshott JE. Probability Bow-Ties. Process Saf Environ Prot.
2005;83(4):307-16.  DOL___ 10.1205/psep.04380

16.  Freeman RA. CCPS guidelines for chemical process quantitative
risk analysis. Plant Oper Prog. 1990;9(4):231-S. DOIL: 10.1002/
prsb.720090409

17.  Autor O, Autor SIM. OREDA : Offshore reliability data handbook:
PO Box; 2002.

18.  Vesely DL, Straub KD, Nolan CM, Rolfe RD, Finegold SM, Monson
TP. Purified Clostridium difficile cytotoxin stimulates guanylate cy-
clase activity and inhibits adenylate cyclase activity. Infect Immun.
1981;33(1):285-91. PMID: 6114928

19.  Rausand M. Reliability of Safety-Critical Systems: Theory and Appli-
cations: John Wiley & Sons; 2004.

20. Khakzad N, Khan F, Amyotte P. Safety analysis in process facilities:
Comparison of fault tree and Bayesian network approaches. Reliabil
Eng Syst Saf. 2011;96(8):925-32. DOI: 10.1016/j.ress.2011.03.012

21.  Safety) CCfCP. Guidelines for Chemical Process Quantitative Risk
Analysis: Wiley; 2000.

22.  Ferdous R, Khan F, Sadiq R, Amyotte P, Veitch B. Fault and event
tree analyses for process systems risk analysis: uncertainty handling
formulations. Risk Anal. 2011;31(1):86-107. DOI: 10.1111/j.1539-
6924.2010.01475.x PMID: 20731791

23.  Ouache R, Adham AA. Reliability Quantitative Risk Assessment in
Engineering System using Fuzzy Bow-Tie. Int ] Curr Eng Technol.
2014;4(2):1117-23.

24.  Rajakarunakaran S, Maniram Kumar A, Arumuga Prabhu V. Appli-
cations of fuzzy faulty tree analysis and expert elicitation for eval-
uation of risks in LPG refuelling station. ] Loss Prev Process Ind.
2015;33:109-23. DOI:  10.1016/j.jp.2014.11.016

25.  Wang D, Zhang P, Chen L. Fuzzy fault tree analysis for fire and explo-
sion of crude oil tanks. ] Loss Prev Process Ind. 2013;26(6):1390-8.



http://dx.doi.org/10.1016/j.jlp.2005.05.015
http://dx.doi.org/10.1007/bf02645661
http://dx.doi.org/10.1002/prs.10459
http://dx.doi.org/10.1186/1471-230X-10-69
http://www.ncbi.nlm.nih.gov/pubmed/20594291
http://dx.doi.org/10.3182/20120523-3-ro-2023.00436
http://dx.doi.org/10.3182/20120523-3-ro-2023.00436
http://dx.doi.org/10.1016/j.ijthermalsci.2016.01.002
http://dx.doi.org/10.1016/j.ijthermalsci.2016.01.002
http://dx.doi.org/10.1016/j.jlp.2008.04.009
http://dx.doi.org/10.1016/j.jlp.2008.04.009
http://dx.doi.org/10.1016/j.jhazmat.2005.04.015
http://www.ncbi.nlm.nih.gov/pubmed/15908107
http://www.ncbi.nlm.nih.gov/pubmed/15908107
http://dx.doi.org/10.1016/s0950-4230(02)00008-6
http://dx.doi.org/10.1016/j.jlp.2008.11.011
http://dx.doi.org/10.1016/j.jlp.2008.11.011
http://dx.doi.org/10.1205/psep.04380
http://dx.doi.org/10.1002/prsb.720090409
http://dx.doi.org/10.1002/prsb.720090409
http://www.ncbi.nlm.nih.gov/pubmed/6114928
http://dx.doi.org/10.1016/j.ress.2011.03.012
http://dx.doi.org/10.1111/j.1539-6924.2010.01475.x
http://dx.doi.org/10.1111/j.1539-6924.2010.01475.x
http://www.ncbi.nlm.nih.gov/pubmed/20731791
http://dx.doi.org/10.1016/j.jlp.2014.11.016

WA lcwsl ¥ oyl ¥ 0,90 (glad o clilogy (ewdgen alxo

26.

27.

28.

29.

DOI: 10.1016/}lp.2013.08.022

de Ruijter A, Guldenmund F. The bowtie method: A review. Saf Sci.
2016;88:211-8. DOI: 10.1016/j.s5¢i.2016.03.001

Targoutzidis A. Incorporating human factors into a simplified “bow-
tie” approach for workplace risk assessment. Saf Sci. 2010;48(2):145-
56. DOI: 10.1016/j.55¢i.2009.07.005

de Dianous V, Fievez C. ARAMIS project: a more explicit demonstra-
tion of risk control through the use of bow-tie diagrams and the evalua-
tion of safety barrier performance. ] Hazard Mater. 2006;130(3):220-
33.DOL: 10.1016/j.jhazmat.2005.07.010 PMID: 16107301
Delvosalle C, Fievez C, Pipart A, Debray B. ARAMIS project: a com-
prehensive methodology for the identification of reference accident

30.

31.

32.

scenarios in process industries. ] Hazard Mater. 2006;130(3):200-19.
DOI: 10.1016/j.jhazmat.2005.07.005 PMID: 16126337

Khakzad N, Khan F, Amyotte P. Dynamic safety analysis of process
systems by mapping bow-tie into Bayesian network. Process Saf Envi-
ron Prot. 2013;91(1-2):46-53. DOIL: 10.1016/j.psep.2012.01.005
Markowski AS, Kotynia A. “Bow-tie” model in layer of protec-
tion analysis. Process Saf Environ Prot. 2011;89(4):205-13. DOI:
10.1016/j.psep.2011.04.005

Mokhtari K, Ren J, Roberts C, Wang J. Application of a generic bow-
tie based risk analysis framework on risk management of sea ports
and offshore terminals. ] Hazard Mater. 2011;192(2):465-75. DOIL:

10.1016/j.jhazmat.2011.05.035 PMID: 21705142



http://dx.doi.org/10.1016/j.jlp.2013.08.022
http://dx.doi.org/10.1016/j.ssci.2016.03.001
http://dx.doi.org/10.1016/j.ssci.2009.07.005
http://dx.doi.org/10.1016/j.jhazmat.2005.07.010
http://www.ncbi.nlm.nih.gov/pubmed/16107301
http://dx.doi.org/10.1016/j.jhazmat.2005.07.005
http://www.ncbi.nlm.nih.gov/pubmed/16126337
http://dx.doi.org/10.1016/j.psep.2012.01.005
http://dx.doi.org/10.1016/j.psep.2011.04.005
http://dx.doi.org/10.1016/j.psep.2011.04.005
http://dx.doi.org/10.1016/j.jhazmat.2011.05.035
http://dx.doi.org/10.1016/j.jhazmat.2011.05.035
http://www.ncbi.nlm.nih.gov/pubmed/21705142

Journal of Occupational Hygiene Engineering

No 10, Volume 3, Issue 2

DOI: 10.21859/johe-03021

Original Article

Risk Assessment of Liquefied Petroleum Gas (LPG)
Storage Tanks in Process Industries Using the
Bowtie Technique

Mostafa Mirzaee Aliabadi ', Omid Kalapour !, Iraj Mohammadfam
2, Yousef Babaee Masdarghi

! Assistant Professor, Department of Occupational Health Engineering, School of
Public Health, Hamedan University of Medical Sciences, Hamedan, Iran

? Associate Professor, Department of Occupational Health Engineering, School of
Public Health, Hamedan University of Medical Sciences, Hamedan, Iran

* MSc Student, Department of Occupational Health Engineering, School of Public
Health, Hamedan University of Medical Sciences, Hamedan, Iran

* Corresponding author: Yousef Babaee Masdarghi, MSc Student, Department of
Occupational Health Engineering, School of Public Health, Hamedan University of
Medical Sciences, Hamedan, Iran. E-mail: usf.hse@gmail.com

Received: 04.05.2016
Accepted: 31.08.2016

Keywords:

Fault Tree Analyses
Event Tree Analyses
Bowtie

LPG

Process Industries

How to Cite this Article:

Mirzaee Aliabadi M, Kalapour O,
Mohammadfam I, Babaee Masdar-
ghi Y. Risk Assessment of Lique-
fied Petroleum Gas (LPG) Storage
Tanks in Process Industries Us-
ing the Bowtie Technique. J Oc-
cup Hyg. 2016;3(2):1-11. DOIL:
10.21859/johe-03021

© 2016 Hamedan University of
Medical Sciences.

Abstract

Introduction: Liquefied Petroleum Gas (LPG) storage tanks contain large volumes of
flammable and pressurized gases. Release of these fluids can lead to disastrous accidents
such BLEVE, and fiery explosion. Therefore, identifying the causes, consequences,
probabilities, and scenarios of accidents using Bowtie technique, that is a combination of
Fault Tree Analyses (FTA) and Event Tree Analyses (ETA), is imperative and the purpose
of this study.

Methods: This study was performed in 2016. The hazards of the mentioned study in
Tehran Refinery LPG tanks were identified by Fault Tree Analyses and the consequences
of the top event were predicted by Event Tree Analyses. Probabilities of the events were
calculated and the accident route, from the causes phase to consequences phase, was drawn
by the Bowtie diagram.

Results: In total, 21 events and 11 minimal cut sets with their occurrence probabilities
and importance measure were determined at the left side of the Bowtie diagram. Also,
9 consequences and scenarios of the top event were determined on the right side of the
diagram. The occurrence probability of the top event (LPG release of spherical tanks) was
calculated as 3.45x107.

Conclusions: All factors involved in the occurrence of accidents and their consequences
are showed in the Bowtie diagram. According to the obtained data, failure of cathodic
protection systems and instrumentation, and overflow of tanks are important defects
of LPG tanks. Due to the high probability of consequences, preventing systems such as
cooling systems and fire stop systems are required for installation in the studied unit to
reduce the consequences of accidents.



