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Abstract

Background and Aim: Methane is one of the gaseous materials with high potential of damage. Today, it
is widely used in process, chemical industries and human environments. This study thus aimed to predict
the emissions and the probable effects of liquid methane using ALOHA software in order to perform
appropriate safety measures and consequently to reduce the plausible adverse effects.

Materials and Methods: Considering the results of HAZOP studies, the worst case scenario was chosen
and, using ALOHA software, possible methane gas leak scenarios from the reservoir were modeled. During
the study, all the moral standards were observed.

Results: Based on the results obtained, gas concentrations of liquid methane would reach 400000 ppm in
a distance of 39 meters around the reservoir, which is in the range of PAC-3 demonstrating risk of death
threatening the lives of surrounding people. In the event of a full leakage of 238 meters around the reservoir,
the methane gas concentration is predicted to be 50000 ppm, which is equivalent to the low explosive charge
(LEL) of methane gas. Wave pressure of vapor cloud caused by methane leaks exceeds 1 psi in a distance
of 270 meters.

Conclusion: The consequences of methane toxicity in the studied refinery are one of the most serious
threats to the personnel. Therefore, preparing a reaction plan for emergency conditions will have an
effective role in limiting the harmful effects of the toxic and dangerous materials emissions.
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Figure 1- Modeling the formation of toxic vapor cloud at
different intervals of the reservoir in summer
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Figure 2- Efficiency of methane outflow from the
reservoir in summer
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Figure 3- Modeling the formation of toxic vapor cloud at
different intervals of the reservoir in winter
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Figure 5- Modeling the flammable range of methane
vapor in summer

kilometers
0.75
.25 — :
| i | I wind

0 —E———
0.25 ke SO B
.75

L. o 0.5 1 1.5 2

kilermeters

greater than 30000 ppm (80% LEL = Flame Pockets)

[] greater than 5000 ppm (10% LEL)
— —  wind direction confidence lines

bL‘L...A) BL Olw )l:'r..p J.'J Jb&&' Jil:a 83 gdowe ‘SJ'L.J.M - JS.&

Figure 6- Modeling the flammable range of methane
vapor in winter

JJTQJ}"*&@’“ﬁ:”;wr‘ﬂ@V}@:*Jﬂ)l-'w“

Bigese S
5T g 0oy e ALOHA (g5l S3le 5ok
e SAS VAP | g 5 5 Sl 5 el Sy Sl
S B sl S (SELS oladie oS 5550 akds
IS s il ol s Oke mle S8 O 53 Y gl

‘U_/Pb‘ B LS))""JJT Sl )2 ol sl 0als QLGS A o)Lg,.i

&S o cuxs Creative Commons Attribution 4.0 International License (CC BY 4.0) ;2 51 IS )



S RaVL o bl et o 5 sy (3l Ja

WS S g Do e 5 5 ks peite D ¥ sl
(BLEVE)s 3 s ;salass i3

aadh 4y 5L Gl mle (ol O &S (S5 3 0l
BLEVE _i s> b 55 ol Jaeie Sl s 5555 g
O J&ls mle p o Oaor F sl 3550 55 35 o0 i
R 335 O Sl sledde 4 536 lsdle 5 g 3L
3 S 1Al a8 giledde OF gl sl o 45 1 (gl
SUFY oe 55 e 48Y ks L6y S ST b opl o
Sl il 5l 20 ol S (ES1, e3sdoee 135 e sl
Sl bl edalie LBV ojled IS5 s 6528
Sy kS Ve 350 OF 51,20 ,lS 1 /A dlols b (e LI s
:ﬁ&ujazl}\ff%yw\fwaiwldfﬂﬁ
SlykS O ol SR O pe Sl skS VP sl s
355 Y s (S g gy e Sl (Son 5 Sl 0 50
2 SlashS Y sles ol wiald 6 kS ¥ Aol b
225 r 0 200 4 e 4B P J5b 5o oS el gy e s
4 ol )l),élrj.} 5ok O JIs @La e O 1Ol
Sl g0 &S 1y (gl 2in 5 350 ol Sy soledde
Ao A sl g g 13 S 1l 1 S (g5ledae OF ol
ST 8 8 55 OF (sl o s VI e ponm 025
ilae . 351 5 4B FY 0T bl e Jsb 5 20 44Y (g5 S
Aol b o Olbl s ol Sledads Y ojled IS5
S ol mppe Sy S Ve sgas OF 51 ks Y
Sra kS Y alols 3 555 s 533l 31 S oy e Ll g5
SRae 4SSl B 2 DS 0 ol b e
SrohS ¥/8 Aol U5 552 ¥ s S pe sl ol
Jsb o3 a8 cl mpe e SlshS T dslae 01> mtadS
338 gh xd g 350 4 e 4567

<o

L s Sl Ok mle 58 ST Gol adllles s 4 x5 L
i by dame 55 503 S S5 O Sy ! P s
S8 Sl pla b S e I sl 31 i T

4o, 5 Cuilig asllas /Y)Y

Aeocele ) Oy W gy g pw s Sl 0l
)b\'o)wp&ua.&.MJ)}TJ{@JJJCJ;%YQQ"
Sl aea 3 e WP U ) G 4 LS WS
VAY o3 gdome 53 358 45B Fr Jgb s sl 31 S e Esl s )ls
S YAA o3 9ds 53 9395 o ¥ @J:Lﬁ}y@ﬂ;ﬁé
Sw\dfﬂﬂul))&s\’ &J‘FWOU:"&P“J.‘

Bgh o o se 30 pleal Cel P (5 e g

meters
300
100 A4
{ - wind
0 4

100 \

300

400 200 0 200 400
meters

fizr) greater than 10.0 kW/(sq m) (potentially lethal within 60 sec
. greater than 5.0 kW/(sq m) (2nd degree bums within 60 sec
T greater than 2.0 KkW/(sq m) (pain within 60 sec)

Ol 53 ¥ gl 31 20 b sl F K1 E g5ldue -4 IS
Figure 9- Graphical modeling of heat radiation caused
by Scenario 2 in summer

meters
300

" // e \\ -
100 \\ \\_, 4 /
300

400 200 0 200 400
meters

5] greater than 10.0 kW/(sq m) (potentally lethal within 60 sec
greater than 5.0 kW/(sq m) (2nd degree bums within 60 sec
[] greater than 2.0 kW/(sq m) (pain within 60 sec)

);Yﬁjb}|d$UﬁU6b;ﬂ|;‘5}uM—\' Jse

Figure 10- Graphical modeling of heat radiation caused
by Scenario 2 in winter
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Figure 11 - Graphical modeling of boiling liquid vapor
explosion (BLEVE) in summer
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Figure 12- Graphical modeling of boiling liquid vapor
explosion (BLEVE) in winter
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