[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

Vol. 15, No.1, Spring 2023 ) Jé;?;,,g;,‘, VEY Jl o) o)led ¢ 10 0,90
¥

UASTOA

Pages: 37-57 s TY-OV iamino

[ Occupational Medicine Quarterly Journal S5 b paass gele dalilad
*

b U LS i olSiu! 38 (yoal o 3> ot g ol (U o
PHAST 13810 y 31 soliiw!

(51981 yaw (09 9 O] 25 590 axflinc)

¥ . ¥ = ) Y T .
JYOR N ESRVESRUPLIPRUPSIPR 3. X JORY P-JRVE AR SVF. W\ Pt SR IN FIE JUSVes

005>

g

b b3y Slkes Glaosly o Sy o)l s (onnb B a8 leaSid in et S e 5B Hled B ol dende
25 4 SIS e o laasly GialS 5 J5S (oas )0 6 rSmredl 5 Cupde Cuz Ol |y ol @l g oo Syl bl ez
SBaa oilon oo Sty Sladin (i 5 Lol b)) Dbl (03,5 (atie 4 a5 il ganl B el Sy (2Ll s g kea
2 &y S0 b S LS i oSl 55 el oy me 5 by () O dlaie 5 Jetme Sl (gile o pol aslllas
sl 05 PHAST 3l 5 5l ooliciul U 5lsal 1o oog s ailaie

axllans 5o 515 JLid lis olfiy] anyl s sloools 3l oolil b g ATY asees PHAST Jl5sla s 51 oolicsl b anllias ol 55 tgmyt s
ddon ugt..;l 2 e Lgl.mj.i)b.w Ot b JA?S.VJ[J S Jmlﬂ ol )'I oolazw! 3 ‘SWL;.;;‘,I}» REYNN ) ‘)'lf }Jlﬂ ‘)'lf Hlas oo J.,.]a;
O olyen 4 oud Bl (g5 Gl p0 Jetne )l 7 etee 0ol slp (2855 el oSl Gl 3 el > et (o) 390
9550 Ll (ST (T e Gls (23T Gl el IS alss Gl glacll wlul gy 5 ladsly (b)) 0,8 oy 0See Ll
L3518

Ot oo el 039y S5 Jlril 5 il @l Bgre i 4 Vb st Joily b slaosgusms sneliwssay gl (ool il
5,5 S e YOMD L Joles 5 +/+ YA DAT o s 5 F oz LodlST 58 il (ol ity ojlads (52l 4y (3lae ot 035050
S ned § 09 oo Sl o yoeiy adend 10+ (go> Ojlus 905 120 Jlial b jlxail 51 iU Oyl Jgoo 4 azgi b oogase (] jo
5555 Cowass i YOAID iy oSyl il 53 crasl oy ool 02l 1 09,5 (] Slokos s Wlgi oo

b odguzme 5 oul LU (s a0 (La5 3l addllan ()1 oy (o2 )3 9 sl Slajle o Seay ()l addllas poe o 4 1 S e
8,5 Az plgg e W Cenlonile Jgihe (inio slaazly 10 5 lse (B 3 4T 039 (65958 sl Sy 2L Cuglyl ol e 4y YU S
£y o308 3 ooy 5 agzme Cusdlas 5o bl (gl 258 51 (S oal o e oo 4 T 51 GBU wely (23] 5 Sole (sile e a5
Dgal(s0 D guna

PHAST )l}é‘f’)‘. ‘&M.i) ‘56.5 L_,’J.L:.)‘)‘ ngo.;gL.é c_'uol? L;}LuJJ.A ‘)Lz.é.il L;}LuJJ.A (o )'lf )Li;;'.ﬂ :‘54.....15 ‘5Lbos|5

Ol 013015 btz gl 5 Olinges DL (S dugd o300 IS (g0 g diga 89,5 e guolish IS (9l
Ol 013l bz by 9 Ol DL (St Saged w digro 53515 1 gowid g xigo 89,5 3Liaal”

Ol 013015 btz ol 9 Oliamsus DL (S daged w30 03NN (isordh goodiga 29,5 ¢ sliasl”

Ol 013015 (Obianz gl 9 Oliamsus DIEENS (EuesSs 3 (g2t IS ((sad goodiga 29,5 o) sbiasl”
m.r_sardashti@eng.usb.ac.ir : o9 Ul G« OFFVIPPYFE e il (U giumo d3iam 95)%
VEY/ W/ §: i3y gl VE1/-9/¥D sl gl


mailto:m.r_sardashti@eng.usb.ac.ir
http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

BYA

e ool pay> e g Sl (U5

loasly Jolos gl lpl o (anl s Judos 1536 )
b oadsl ot 1, sl diols Sy 5o cnl
Pl i g eSS g3l oe Oygoay e o SaiSTy
@ ;0B PHAST 08 o o)y (s g Jlaisl LB &l 31
s 5L i anle cilies JLatl glagy L (g jlodend
O3 55 (3P s (55 9,8 9 gl las (GYsb u o
oo JLaS (g 5 ladlon sladlgd b
o 5 La8 8 Gleollinl 5 gonl g mlio o
§ loke Cenl S oo 5 JlaLil LB olse 5525 oalo
o pliz g ogh yiiielge 0 cosdla) ganlp axly S
alols o a5 golpl o> g LS, pes) a5 WS ol
B I = YOO JRCC ISP RC JC JCH WU i PN )
ol S b alio Syhie e e e ans
9 Sl ol Shlus 590 33 5545, (Dl slass
5 Bl Solgx Sy S g gy SIS solal
BT Ay boles 5 iy 5 15 il & Lo o o 5
oo Lol ol a4y ow sleisu 0 oS cul solidl
b 5B bl 4 Gl oo 20ls> cnl o Fetes 5l oo
Oeizmed Sged o)Ll Cubs pl3 0 AT 1A 90 5 podas @iy
59Y 0Ll 9iS 0pe (s Jled o dlg) bl
25 S Bl &y e alg) b (555 5T ool 4
JUt Sl ) gl il 5 1525 s 5 gl
B Fea el g 5 Ve S b Lagdati; b 0 58
g amaS a8 FY L o Siomn 50 600 35 oS! jloxas!
o3l i o8 e b Gl 5o 68 5B o) o]
5 s o) 398 Doy w4z L Q) dged o)Ll i
Coel ) Bble cal Gl el mom e s el L)
SS9 35 s Jolis gbeollwl ol jlo 055 oYL
a5 wblge ol Lad b gunld g Slles slaosly
Tty A bl o aille o o ol Slblbre assye
sadpll 25 5 A5l Slalae § Glisiss | s i
oolido sl ontosls iy allia gydge b Lasye
2 A8 e sl (2Ll ey 4 VAR (Mas
ol e ey ol Blbl slacne; g e, of albahas
o33 gl ol Jlade a4 el o 0ole a5 1 ST wx g

ol 21 ol o ype Sl T Gtaley oS 09500 45 @ O

doddo

Gieleiss 05 Jdo @ 5 5 s o dxwg b
(ool glagilly pange g Slhasl LB g edemy
olPl aipes mlio AgFinl )0 sl 5 ple C8yay
ol ol jelaieds 5 015 0gzg IS 5l atulgz Ol bl
O eS cel oS cul b pase peen 4 zlesl S,
5 O, ols) el 9o 5l Hlisebsl suelansay § S,
5 ol slwl (V) 0gd oo G jlazs 31 6 IS
5 Sl @lxd ool sg2g 4 cel &5 olend slaa B
ol el 0939 4 5l i Oles Lhgy ol 3l eslaal
S glie Sluogas d9ei siyaeln ol JyuS sl
WS o0 5B A S s SUiks VB g slge 5 (S5
oot @lio drng 4 a2 g L (V) S o s 1) oS,
oSy slge Jiig fox b alaily ;0 5 Lo jo 515 9 el molio
Casys 2Ll 0gbice il joydie; lapl sladely
Sy olatdl 5 (S5 slacasl 5 lagl (rals L)l
Loy ylmail g Jlewsl Jewsls lyls slge jlacsl (V) ol
slooaiSwags 5l (S Cabe ol 50 o0 (oo (S
Comjlaoe g mbio (pl Holxe Sl (LS5 Lol
aS ol yiSly ol b g 35 ;0 Flygw gl las S
975 4 el olge cpl cuti b g b o jLazil slse 51 g0l
Copoganms g xill (555wt Jed 5l S (ol (ol
axsd ol 4 ol ol ey b 5l il i
slaahin b (6,585 Coxjl> 0 9wl cod alin o)lgen
Sz pac 5l 5 (659l dnwgs (ggm 50T (o0 )18 P
Ol dien g WS 5 Se> Wiy i BBy oyl
PHAST (f) s)ls ogzg &oles aigSipl yowlogga


http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

Glawslin jobay |15 ol o ail Jed bB 5o aecon )
6‘)) alisee @L..o.o...u .)‘3.0 )l oolawl va.o 9 Lu‘).a o L
TR IS FE G IUWI RN VE | PO PR VE S A P
Golg> 3BT a4 (VYAF) soljpdl ol (A) Conl oabazsls
o axly 5l ailge 0390 55 2l (AU el
O 9,50, b oz oyl olaVl 5l (S oS
b VgV 6 sleollioV o ahbe jgbas g (Ll
5 Ui S8z byl e L85 Gjpe oy
£0F s PHAST JJi8la 5 5l s g9 )b (6,138,050
@L))‘ R w A\Ya0) LS)““" 9 ub)y (V) ol eolanl
idle s b sl les s o] el Sy,
@ gl g 58 cutd 8 5l Solg> axisls y PHAST
Ol (58,55 (Dl 550 g el oVlasl plas o
4 Olges Gad gl wa 1L g s ol Gizen
55wy aSd 5 Jinl clawnl ads o jLad auldl s
4 Coonl 5ls £48s Sl jLid a5 slaolKins] ales
gl e 9 B> el Jliml e 5 355 b))
6‘)“) 45 L':‘"""b )lf )L.M.‘B J»J.D.: (5[.%0&»-&»)‘ ‘_g‘).\ U’“"‘
L =95 5 6959 55 px> il Sl slaslaibe]
I ol (5 90 il o L:»Q—I oai >l cud b 4 axgl
Sl e e F e Jlesl il gl gl 4w
e 5 e, Gl am g LS i ol lags L
gl Vo9 7 Y oy 4 Sl k8 plp 3% SO
PHAST ,158le 5 o (ool ilwdae 5l Gms cbads cpuss
5 A paand | S 69‘ e 6‘)—.’)3-" Yo ol Ll alols
)0 ML’GA ).».A Y- 9 ARIA ﬁ‘ﬁ oli'l.m.ﬂ U"’"‘ LgL&:A.LolB )iio
OV) WS s el bl lacay 2o YO 4 VY-
B STy egme g cdale giluans a4 (VWP ol
a>ly seeally laoysS 5 (236 (H2S) 03smee wilsms
5 Sl dghue 0 (5 oRagYL S o 5,568 cél il
Slro,gS (iS5 090 90 5 0 piitie slmosYT clale adllas oyl
ol oKl =, HoS oo ¥ clale Oeired 5 jamwdlls;
)'| J..AB)LP ‘510 QT a_é‘)bl 9 oLi&‘.ﬁYlg: 0dgdzte O s‘aw
a0 (VV) 0l (_g).:fo)“..lj‘ \WAY e ubl; G yyay Ql.’;.w.gl;'
3 6 Sllee s dwly g3loJow 4 (YWAA) =95 8

aie |, dlbddas Glbl s b, cloSe adla
B asly ol LI slaie; 45 ams o (lis gl 08 o
Codysy (F) wsl ase 5l JB Wl e Vee alols
ol o cunjlae 5 Cullage (Sl 4 (VYAY)
A o 5l 5B Cae coloy 8 sl bals o jlis s
5 olaedel oyl dslsl Bras U g 0l e g9,0 Bl
do il8) olliwsl o d9zge Sl o Slese Coro
pas 5 laebl (o s 5 Ol oaS alad 5 (Lol sl
S5 pae | el Ol 5 Jll byls s
5 Syo Sogdl plai sla Fodl Hails, Blas 4 g Oljue
Health, Safety and ) HSE s4e @IS alesjl o,
con ] el dllie opl jo 4 axiws (Environment
Gywze V) ool oasasl) sl ol ola,Sal, o oads
Soly 3 A Sy oS il s & OFAT)
S0 g gl y i s 5 Lad o ghs oK) jo gan ]
(gl B Bols> 5l Bl Sy (o (2l iz o0l 5
8 oyt 5 b ild el sa],d Ol il
4 yualy Gl ol B HLad o gl ol jo Caul (S
@ ez b b)) cnl W53 (w3550 SNsen £935
Loo caislyd )0 09290 oobe jlid ;. la5 oulig glaas Sl
S5l s syrse edle 6 wanlp s spmge eols
gyl £93 c2len g ol Lalil (1,8 )0 59250 ool oy
Jae PHAST Jf3ilos abiosas olole 5 spjlin Jono
€55 55 Silude LU ol O 5 (onw o550 Cal o o8
O P el 58 jLad oo oSl o Jeime (5T
Slyed 5 b gl w56 Glsh T s SleSU
layloged may bog oudiiy i slagyyliw )3 (o) 390
Sbyd (A 00,5 s BTl 51 oo ] 45 bgs e
ko 53 Gjoed edlgw sl Slahs; (s 4 (VTAY)
sor 9 &S Jels Wi ol ey G g e
5 Bd> glp sl Gl e jo a8 canl Slalas 5l slacgaze
2 Sedlgw Gigyee (AL M Gaile; Bl a b
@bt Sloo (Fp 5l 6pFoe b 5 ci slaslles
el A pdy D90 dedlaw (ig,0ee ean VL plpie Cod
Siae Blaal a5 cuwl gloauVl dswgd g Gabod yw o >
el SIS 5 G g cds <S8 Jrwpy (Sedl ale
Ll a cul noodle wnles peld ) Jlisl bls


http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

Bf.

e ool pay> e g Sl (U5

(YA ) 0d 595 .000) 0,5 (sl (598 g 90> 50 (S
Gros (smas 450D 1 (e Sl wsz)lr oin
"w S5 cuid Goles sl (o ool ads e (6l
Solg jo alaly pals lp adss gp,aely sl
2 &S alss glaz b (ol ol g go 8 s
S i Ngd oo Jlesl olalie e des slacisdge
B S Tn i b oS S oo dil)l Sy (05 (2L
Iy oo (325 oyl 0ligS dwls Loy 5 WU cdoly Sl
sé,‘t_’éo du.l.?u ‘_gLa:%)Ll.w ...\.:564: p.ca\)s cMA.».l.?u o‘)é‘ ‘51).3
adhise jo 1) soS S, olpiion s Al 485 L
Goos gmas A0S (130l Jae SOl eslal b 0Q S|
5 gous Giyaelin b oatge 4l sl el Sl
ookl b piSle Jow aS oo obs)) e 2L,
ools ybige! Slowlre DYl Sols (g3lwands slacsls
s Sy gl Glp e JBogs 85, o b
b o com i Sy - ool sasom! 4l wain
S 50 Al s (et (Sl S o slael (65 540k 5
addllas (glp ad (oS5 cadicly i o 5l slool> AUl
goizma 5o Sligel J Ay s cuts gl I (59,50
Joe a5 s e ol mll al colaiul sendigyn
Jlao b asl wiz (bye )0 1) e (nf0e] abanngs
0b Jles! el olfaly sloySe 5 puiie Sl s Cus
sloasly o, Geelym (YY) Ko 5 Sle .(VF)
i) S slapleile J3s po il g 8 cois
oS bl Ohyy S adlas ol e aisly bl (oS
dl o il @oles g 58 cais gleasls ol S,
JB e ;0 el cdbosls arwgi S slalessle
Cuis L8 Ll sadolpiiny j Suny alS S5e Siloladl
$lp 28ls adsl gon e SO Il gl ol 8 SaasTy,
CFD FLACS o5 | eolatwl b gom il (g5loas
FB B Rl S b loeiil CBlge s 9 99800 JedoSgs s
Joe bl 500980 co (gum i Sdody  sBly (Seal il
Sk Jleglaea) Glize glladl @l 31 Jlas! wans

5 slomisl @olg> 51 (LBU (o b 9 4y ool (G555 03

axly 3o o 5 SU s a5 658 KoYl S PO e
6)l§ ulal.su.o )LM.A-»J‘ 03.76 oy 6‘); asJllao u.:‘ o u}‘.)).a
1 T el 5 aalllns pe (5 WZENL (g5lun S 55 5
Lg%)b.w )LGP 6‘ﬁ L;)'LwJM 9 oolawl PHAST )ljélrajj
B Rl il s SLSE T g el T led sl
Gl Sy ool wulg co cadol g b gz ol sl
95T Tl 9,50 ol il ol g ail amsls o ,o 1,
g adlhaio olAS olul panies dely o i lhls (g 5l
30 oiSly aely jo Sl (S eadplxl gileJoe
e g (o yowd - SOOI IPY P I N S P9 )
sons (VY) sl 5L, 90 (POINE Muster) go alols o5
S % Slan o 3 S Ll sle ol sy YA
189,90 (S asllae PHAST)‘JB“D)J S5 djlf oLtib
e yglbteds anlllae (pl o (g )l ptan oSV
L S5 50 Oligp o Ll o Jedome S, Sl
)L‘Lé 9 o‘)fu_bb 4,0 \i4 (_gLoa u,q_ia)...n AEAR =
O 3975 JS A4S 5 (P S onuay 99 50 V1)
Slrodsay ize CannS S50 0l gy p ame lejSy o
widly b g sl (T by cbile 5l ol jLel
adss 31,0 g eadolml sewl 5l Jol> s g SLSL sl
ALl Gleosssy eme GlejSe 0 P 397 ee S
@y 48l 53U gl T (Olsy clile I 5L
&y oabolml il 5l Jol> pses 5 SLSU T bl
or & (Yo e 5 ls L(OVF) ol salgs
Slogisy b LadeS S mis leaSlds o cutd aas”
sloosls 5l solal b s sleolayg, axsley " Jleis
55 ass Ll > gileJow 5l odelcamsds b, g Lad
3 leaSes Jalodganios b g, plocinl wisd o 0515
Y &S Sl sadodls ul.w 6}5")“'\"‘ 6L¢>Ua.‘> Py P-L g
gl.wa 4 ‘) )L.i'..é 9 ub).> 6L°°‘>‘° 3o J.:A;L:ub.a..>| )i..o
B Sl Sy o solekig Uy, oSl 0]

St slogy sl sy Hnlw S @ an ) (o 5o
ssbd orized ebioe Jlosl Atz (rizen 5 3500
&_}. 6‘f u&o 9 i Sl aS w‘ IRWIRIE) uLMA-’ G;)Ju


http://ekteshaf.nioc.ir/article-1-2658-fa.pdf
http://ekteshaf.nioc.ir/article-1-2658-fa.pdf
http://ekteshaf.nioc.ir/article-1-2658-fa.pdf
http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

D9 50

Sy (505 (b))l Slaal (s s Jl Al 5o

byl Bas cul asin B Glgie 5l aS jebles
10 a8 58 il g 2T ales sl gan T3 ol | b by
gty gy o E985 4 gl B Dl 5l et
oot > et 4y o PHAST 158l 5 50 (65l Jos
e Slgal el (sogp adlate 5B LA & ol 5o

s o8 gkl b ool £y : pgo al s

)lf )Lmﬁ LJ‘"LO" oli».m.:‘ aQ Jae.:).a Sledb! 4.1>).a L)"‘ )
56 G b, lid g Ls) sunl,d slaosls asle asllass g0
5 el 92y Sl (e a5l el G s ys oS5
Cogby b ey s sbo) adhie owlillgr slaosls
Ol (olidlgn oy Culimoy sedyl (5w Sl (e
el 050,8 6)51@?' Ol 9>

O oadplxl wlie Slidsy S a4 d> el o
B sled e o] o eqdll wlblie  olulis
(S 097 (SO0 b Slsal el (09 S B09
Jad SLSU Gl g Slpess (e 5o QLS ()0 e

Wogs sl Jolods 9 s 2 0o 4> 50

ol sl sl cel a5l ladol> (gl
9o liw 090 o0 (como Slge SolwdlsT g lomasl (25T 3 5l
ol B s S0 Al e g el Al o T G asile
(51 ded Sl ams ppaiz @l gyl o5 0gd ol
Claas ganld Glapinrs ;0 ( Sk L g cuis Ojg0
FB ol b g (cow B0l Ll el a5 500 .\;_.,‘TGA
OA) gl Jlas!

%)LS..» Slasiv
(abogo o

(opué g ,Lzd oo 38 coolo £43) (goisl,d Lyl (2]

y)Lw 6935 f‘ )\) o..\.w:b.l.?o .)‘9.0 )L\M JS 9

Créls SWLals (i) )l ey O

Sl Slyed b Jlei! coS 5 b ol oo 9,490 ol 5 4
b (el il gl Sy p (S papie S el
sl 00 36| _sSms sl ylazsles ) dibate o o il
Callasl SISl o 51 VL Sy (a3l (b s )0
pogie S ol g oogdle gl oo bl Al adadi » o
oAl Gl pelaplas sl i (a¥onl g &S0 » (e
s Cnd Sl ol s odle 39 co ooliil Jlxil s
Sho Olaladl slpaiy olp bass SiSs [lud g a0
olitle o sl he) ol wedioe swin SRS SRl
@l wpdioe Jlosl oz comyle )0 &8ly ((Jgene (S9Se
3adkie e o jlail el Sol a5 aeo e ol
ogdle 09h il (oS D ygod Wi oo (FoSe sbrplaisle
sleplezle 3l 5o 55 sl s adhie ae8 (ol
o S8l 0l ol sl ol B 55 SsSme
S aslllas (pl oS avog 5 il jlas asls fals
5 ol Sl arwgs 4y g oS oo Wl J5e Jels b,
5 B s Sy sl kel 2581y slagsb s
V) WS o S 5Sme lapslazslo 51 s lnisl

Sosliiul 9,555, w38 (rere odiply s 4 4y b
B 5 o sl Ll 5l Jae okl (slo 33 5
Dolite Sbag b oy 9 Goal Slam > e 5o JLd
sl oy O] 20l 5 Sy Glie sy Sl (b
il i et 3 Sy i) pinds casllan (3 1A
Jelos a slsal 50l gagp (sl S jLid i oSl 5o
il gge 5 SLSU (T Glsd (25T G5 slasl G el
Gk Sl lapl 5l A6 sely pad asie axilye 5 56
Sy (o5 bl Ghey 4 Slbbe 2T 5 gile e
Llyd o gloniljlogd go aislo,y PHAST il 5 alowsas
a>ls 69y y ey Ol 5o aslllesyse 5 Glles
Oype PHAST  Jl8le s S8 4 jlad Lls o]
-5y B ) ol ol llas 55 pad i i
slaasl o Jow gilwosly sl jl38le 5 ol oS a4y YL
2 eode LSS loe 9,5 (59, Allie azgi g 00g
el 003,85 Jlgwl  s8ly Lo

SR UM9)

Gllae Sy (o5 2l 1Sy (05 (b5 gy


http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

BYY

e ool pay> e g Sl (U5

Wogs )l (57205, yS5 e 1 oot Al 50
Sy = S 3,58 F sl
et gl ols &) Jlasl a8 Slagy b al> o ol o
Sy (2Ll 9 dwlono : piin al> o
PRom Oyseds PHAST Jldley al>pe ol o
Oliee oz ) oabmasd lagy )l 31 Lab slaasly
-0 dmlne 55 jlmiil 6l zae Dol g T sl gtais
L PHAST Jl8lay (25,5 @l amalio b amesys 5 o5
oz 9 w51 lp gawss 5l 250 ol mshe Joox
A Ao g s odgdte A Q‘}J‘SQ Slxail uﬂb &l

R (29p SAR0yp B s JdE oS! el m >

2l Cews sl

(e b)g.n ).) OM—‘ 03.‘?5 L C‘)}w o)’lu\ﬁ‘
Towe gelaw I olge Lzl glis )|

@ oadplxl wlin Clidss SWS 4 a>jpe cpl o
OB e Oygea el &S lag bl g s
Dy R

Sely (3l Jowe i poeiy al> ye

sosls u..»L..;l R0 S 6L‘°9i)l*“ 4.l>).a Qe“ o
Jiley S8 4 ailie olislse olodbl 5 sanl)
J> 5 oVl 5)sks slaJas 5 eolical Ly PHAST

O ® o0

ign Joo plaien o JUl 5 ptiege SNslas

gl aloye

[T L g T - F R

l

‘wgd dloye

ceiyyd ST gl sy

l

iy Alye
Laga sl 500 1,55 femaid ol g jlatdus

| |
|

ik dlo e

oty il g Soilma

ON) Gedirs g, ol Shs ) U


http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

(\Q) 6*&05)4)[5)”&&))0&%‘ Y JSW

B Ooged o8 Suz b e 005 o0 Colus s S
2 85 Sl B i 5 1y e Jos (53559
938 035 5 G LIV 00 8 oo (Fu sl JoSas
Coond ;0 o gl Glad el 5l L8 Le il
B ez Swend )3 305 o0 SRS olr Gl Sesimb
Ll sl 51 3 S ks RAS 5 miis jsliien, |,
aholgay BauSGas gl u.».al.a Cered g loxal
g« a5 s, 4 (Gas 0dOriZer) suusS log olSiws
g 35 e bl canS logs cole Hlade auiS oo
Lower ) (LFL) Jlesl coblB J8las pomy S @ g 0 518
way Laseis |, ol g>la aw, (Flammable Limit
Slade Ghomi Sqz ol (nl )3 jsbiren 29doe B2y
g0 odliinl HeuS 515 by

V Jsex 5o ssSde eudimet laglew ladaly (2b5))
5 b oogase (Jlamxl Shls e i glaiea
SreB0gp B LS ol ol )3 w2 s Ao
b sl 55,5 o 2by,l PHAST [l5dle 5 o asllass g0
U Sely g ,lndil Zoe Dad @je8 e Do lndil
545 Wl phadd Sud mis Ol Dyged G
Sly oadi 5 zoe b aw glis » PHAST I8l 5
sl 990 ST (sl oniichy o8 il gl a5 il
Sy o3 &1 425 b bagy Lo Sl Vool 35 o )3

dalllae 590 5 4B 0y90 S S8 Joli b)Y

g Ve ,eee m*/hr P L c:"‘"",a 58 ol

g oa I8 jlad i oKiwsl o)lg Feepsi Joleo g Lzd
R R A s
3 Blo 5l (euilagdl O Lega)S ¢j5my0aS (185, dhox ]l
suae g0 dhauwly 4 jlud palS Al e g0 ;0 L g 0dd O,
a Feepsi gl lad Jsl jedS, 5o a5 (b )lad) [edS,
558 Les pes al> e o Bules 5 00,5 lay 2alS YY - psi

090 (S5lad) (e, alawlgas YO-PSi 4 YY-psi

s aS ol bz sae e o] cpl aiS o lay oS
ol adly jo s ail e L35 ,LS L3 (DYpass) ;lgeas oy
5 szey> YOPSI s b ) lebsl cgzr 535 ,LS L
Pl ongh ol (5399 Jlad rals Wlge ;o ol
o) ol jo 0l oo a8 5 5 4y bglas 5l (SO Ol e
55 ol > adad cg> shutoff valve) jLes adas sla,is
o ) eeelas Jlad Gl jlas YL ele
Oy mizmen Ll oad eolawl YVO )l 4 (G
oyt 5l lad SLSL Ll b ablie cqa oS!
2 &l 4o aS el sas oolanwl (safety valve) Lol
a5 Lad Rl g ey eds) o Shes o S 5 el
e Sl ol eeal jlad sl YL Y. ol
Lo 4 515 5l (o250 a3 ©)g0a) S e Joe (80
S Les Ll o) 5l IS oles ¥ SE s (Ll
4.:).‘.1..3@5)} OMM)lf AQ&GA U’“"L“ ‘) (_g).er.uusf


http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

BYf

e ool pay> e g Sl (U5

Joe AYY ases PHAST l8ley o (F Jouz)  dilaie
Alp asdllaes ;g0 ol ;5 58 by (pem> (29 Wgd o
6y b ae gy blise el )0 canSayio 3 VY-
> 555 Dpgods NV Jgoz 0 eadiesd slag L
il s slacad 5 (T atats gobas ool g by
& Jgaz p0 ol e PHAST Jl38ls 5y oaiichy ya5
7 oxslii B g A gor (o (asSuly gt
o> oaaoslis FoE g 5 3 saimo L D 3 C ol
Gl bl A/B T D R S P RV
53 b s, 5 il 45 bl g Sy Sl
Sl 32 S F sy oS 5 ailie s bl 6 e
ik Hlasl ol g caas 8 5 o b el o el as
i Dole ladae Jeallygins ulal p izren
O 9 39 W8lgS (o) 23590 Slagy lw 252 o)lgen L)l
sabaalins >l o it o)l g3y 5 55 il Loy

Sl canl alols waly s 5 olas, Jlazs! 5l b a5
or @l Ao cnl )3 10 g salss &b 90
slosely wimen 9 YU oyl ol &) Jliml a5 Wed oo
Ll slolis g aalre ol ol 56 5 oas sl)ls g
gl woly ol atke asly e olble oLl
Joize slogy liws condosls Glresgs 4y azgi b 00,5 o
oo dilaie 3 &8ly (b9 SB HLed Jolis ol (sl
Sl argi b g axly ol b rrwiige Sloyad Sleal 0
29 Skl oaisS glad b gild 5 pgs al> e S, (sl
B s ) Jgaz 50 5958 san )8 slaosly bl

ol (55l -

6&00‘0 UJLM:‘ r \ Jj&} ) OMM dLbaJ)Lm
e Bllae (pizen g (e gl 5l el G by (0
obdlgn laosls g (F Jouz) JmsSol 59> s)lnb

0l ymnd (Slogs L 1Y Jga

(i a)'|..\3|

O a3l glas)|

L L Joee Osh ks (CC) uKilo sloo
% 9 . Sl (5
sl ’ ’ (in) ’ m)
! leak Jol 4> e ;535 ¥ ¥ 1\ ) s
leak -
Y 9o dJ..>}4 )9.5)‘5) ¥ YYy- \'Y \ QL.....A)
¥ leak poo al> o )35 ¥ Yv- Ya \ ol
oS a8 L s
5 leak & 5 e 5 ¥ " \ oians;
ng/,]abl
5 leak SHSE et gl 5 f v \ olisls
s
(Mol %) ss 0 S 5
oSSl ol bl ol o 93! by Jloy oz 93! ok Jloy
<IYY f/0% fIive Nias N Y ey ol



http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

Lg)‘lf o;; bS...oL.:byo).n ool :¥ JB..\.'?

B e

Sedyo G2l liee g,

Olow (y39s (5 dzrp0 s o

sl e (V) PR “ P kg elF o 508k 3 gle a5 (6 SLelS slga
Yjss B AB A - - D
Y C B A-B E F D
Y C B-C B D E D
s6 D  CD c D D D
$ili D D c D D D

JsSl (55> 5l Jlmo Billas g jlsal (gl cwliilen lojles (sloosls ulul 53 PHAST Jf58le 5 0 ass ) ISay owliilss slaools :f Jsu

CC) il clos L 9z sl bee
b e s % Caglo Cosms (el (MVS ) oailn ol et o sl oz s

b 39> b 9
Sbiees q \q £ Y F A/B

il GSL T Gl T Gl el Gls
xS (IO Jolaz 55 5 285 15 (o) 20590
Dygeds g )l 51 Sy 50 4 bgge (295 @S ol
(gt ol G el G adss b b e Jgar il
Gloools ool aitle G Lleil 5 SLSL ]
slaools 4 by gl S0 Joaz 2 50 (295

B 9 59, Sl ong JmsSul )l Jlre 5 (owlidlse

2 gl SIS 5o a4 b e 515 Ll (295 s
2 Shst BT o @l Gl Jledl paly o el
PR S g e aw gl gl (1SS e
S 2 sl SWSU T (25 @b PHAST lisle 5
@l 9 58 Juxal nl v gl p gl
Slue p gy lw 51 S0 5o 0 baje 58 lxisl (29,5
PHAST l8le 0,8 i ,lxill zoe God aw
il s

ool (b3l -
slgylw slp PHAST Bl (295 mls
Slocww] o Jlae Gl ) Jgoo 5 sadips
2 )555.4 )l.?uu| Toe b g u».)i ) f‘ PR oolul
(V) 255 o0 )18 (D)l 9590 alie 18 35250 0)l90 ol
aiais 10 salolnl cawl pgad 10 diges lgieds
59,0 g9, FIO KW/m? Ol b piiadd S o)lge i1
5 basly 4 & )les o YVIO KWIM? - laie b K55 g
OF e o 83 sl G S e slml sanl b Sl
T )_\‘ B OJ&QL?L}.‘ MT )L:.&A (5‘)" u..m .QQ;GA
bal’ )L.\.D.a ) LQO)M J"“‘i“) (5‘)" (SOFRE 4.’[-5»)] S>> )L7LO.>‘
Y obar Jlade o gl IS co s Jlasl B e/
39 a5 g ol ailinl polie jo yiin 8)lge oyl 392g

| uu)_u.m) L (Y‘) oD o
Eoy g @L‘Z.i
el g sbocdle Gulol 5 sl (2Ll @bs


http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

BYF

e ool pay> e g Sl (U5

Logs sl ol 4D (51550 Jgor

W ol

S ule,
Y4/

m/s
FYIY
SV Y
£9F/4
£F/4
2234
24234
£aV/f
FAY/f
FYIY
SV Y
FF/4
£9F/9

k8 ol b
Ll um

T T Cleo

ok b
ARRYZ
-\ - q/p
AN
QAN
SB%
SR
-40/8
-q0/%
-\ - a8
-\ a5
QAN
QAN

ol 0 SleMb|
kals) s owliilgn
YEIY Day 2/A/B
YEIV Night 2/F
Yot Day 2/A/B
vo/f Night 2/F
Ya/0 Day 2/A/B
Ya/0 Night 2/F
YAE Day 2/A/B
YAE Night 2/F
AYIV Day 2/A/B
AYIY Night 2/F
Ya/A Day 2/A/B
Ya/A Night 2/F

&y
92 ks

.

ol
92 ks

¥ gyl

AREYRCow

¥ g lw

O g b

£ g, b

2 slr ) Jsr Gl p osdipw)n lag b

ool o 03,51 # Jsaz o s3gama Lolgh el 5 La]
5 sk B JLadl ol o B ool cye o alols as
P FsAB Goz 0 90 2 Gl Gul s S
odnliawsds mls Ly cwl samlice bl lag liw solos
Jol> saiplxml g3lwJow ;0 UFL sogume b alold

el isSly 5l LoMS g (MYS)oly s s el 39, ol 3 4 mplolids lsn ledlbolse

Lol 0350 ,55

odday o5 slacdale b ol cqz yo alold £ Jous

Slag )l oadipsd slogy)liw oly aodls )15

S alss Gbb gley 9d9e b Jgoz Slie 2 0adim) 2
B sles s ol I8 blugl Jhd G5 4l coye
3l e B Gl x0Tl 9 Al el
e 55 by o> 20 Tl &5 Gl ol 0051 O Jgux
logy )l goled ;o F 5 AIB (592 (XS 50 y2 sl a5

M)LFL s talolt (M) LFL sogaxe b alold M) UFL osgase 5 alols olislgn cledbl gyl g8 g yliw ojled
i 0¥ NA Day 2/A/B B
\YEIY £VI0 NA Night 2/F e bl
VOO/A g NA Day 2/A/B N
YOIV VY NA Night 2/F e "ot
\adl2 o-/f NA Day 2/A/B B
R ov)s NA Night 2/F e "ot
\¢4 B0 NA Day 2/A/B B
MY oy NA Night 2/F e Tt
Vay VoY NA Day 2/A/B N
VEY/A AV/E NA Night 2/F o d ol
VAY/A VoY NA Day 2/A/B B
VRV AVIY NA Night 2/F e e



http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

b 5 sl ol o> B ol gz o Aol elel ;Y o ¥ ) ek B ol gz o alol Lelel  gls

Sl 00l A Jgazr 0 F g AIB (92 oI5 50 0 sl oIS 90 o sl aled Jsb eizmen 5 S8 5 ptats

Slp sowslcwoas Jolgd 0dlyani sogy b mls » Lo Y Jeaz Gl o cwyp slog b I n F s A/B 59>
il ge Glas 5 el gl b JlSU sl 2 SSU 5T pogas ;o sl oyt HB Y Jgaz o

odddy yoi alals rolaw U ol gz jo alold ¥V Joux

s Sul b alold Eiaid Oul b alold Voo gieis ©od U alols  aled Job SleMb| 2y o leus
M) ok jvs jo &V mlaw M) ok js ;o #Y xlaws M) oL s jo 3 my ewlidlsa prgitow PegLto
£\I8 YA/ VeV 00 Day 2/A/B
. S Vgl
FATA YA/ ARA OF/y Night 2/F
FA/\ Al Voo lq 00/4 Day 2/A/B
. s Vool
£110 YYIv VA NI Night 2/F
OOIA ve/f N/A - Day 2/A/B
. S ¥ gyl
o e ay/o fa/y Night 2/F
00/f A 9.y O+ /A Day 2/A/B
. s ¥l
OOIA Ve N/f fa/p Night 2/F
AVIY WYY \ON/Y YV/¥ Day 2/A/B
. S 0 gyl
AYID VY VO Y&IY Night 2/F
NG VAY/E VFAR YAA Day 2/A/B
. s 7 g5l
AVIV VYN VOV \a4 Night 2/F

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

¥VI0 KWIMP ¥ mlas 5 1110 KW/M? ¥ o F KW/M? 0 oy wtiets oo

odisciy 5 clacale b oly ey o alols A Jga

5 ISP
(M) b yone 35 LFLob joe 5 oS G alols (M) b joe 5 LFL osguons b alols s ulitlgn cledlbl & ’
g2t g2l
\o¥/s o4y Day 2/A/B L Vol
\YEIY V0 Night 2/F e 2
VOO/A - Day 2/A/B L Yol
YO SVIY Night 2/F e »
VYIS 0./# Day 2/A/B L _—_—
VIY/F N Night 2/F s 7
e 0V/0 Day 2/A/B L f o
MY/ il Night 2/F e »
\ay VY Day 2/A/B
. (s 0 5k
VEV/A AVIE Night 2/F
YaY/A (RAVA Day 2/A/B L 5 ol
VEYIY AVIY Night 2/F e »
‘)L?Lq"‘ ;).n u)g..oéb C.>L.> ol 00 00)51 \e Jj..\? 9 BJ)L-A.AJ J.?bo )‘ alold A.H.......u 9 )Lza_" ).143 ;.))9..04.: C.sL..s
g (b Cgz y0 g gyl e 3D Gl A pl S50 90, sl oaday o il g slamals b ool cye o
lp bl Jladl BB e 5 Gl ploy s N Jsaz 50 eadimm gyl £ slp F s AIB o (S
Lol s Sl slogs b cp iy gl (LeST slaosls (gly gl


http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

BfA v ool iy Ol g doly ()

odbihy p5 lmdil oo slaal b el o Sau ;o il slag lw 4 Jga

o balys Overpressure [bar] g [M]alobs aiuiy [m] s 925k g9 oylosd
oY -SA YYV/A YEY/A
Day 2/A/B ARG WY £ /¥
Y SN 2o/ Yoy
RN ysols YAy /Y = [
Night 2/F TG VA osls
Y EA VEV/Y FY/¥
“[Y-FA Yv. Y-/
Day 2/A/B <AYYA \\arhs \fdls
-IY-$A Yalhi YA
S[-Y-FA YEYIY YAYIY o Vot
Night 2/F SNAYYA VEV/E oo/
-IY-$A VE-IY FA/F
[+Y-FA YE£IA YYYIS
Day 2/A/B <AYYA VOYIY fo/f
-IY-$A VEY vf
IR\ YYA/S YOV/Y o "t
Night 2/F <YV 'Y Q-
-IY-$A YYAIY YVI§
[+Y-FA \Aiills YYa¥
Day 2/A/B <YV VOY/Y FE/0
-IY-FA VESIY YY/¥ e $ oo
[+Y-FA YYO/A YOV/A
Night 2/F SNYYVA \ABTA fAQ
-IY-5A YYAY Y&V
[+Y-FA YESIY FAVIO
Day 2/A/B <NYYVA V4. /0 N
AR V- /f -IA % b g
[Y-FA YOAD FOV/
Night 2/F -NYYA VYT AMA
AR \ard FAIY
[+Y-FA YEY £/
Day 2/A/B <YV 14 \A
-IY-5A Y-y Vo N 5
[+Y-FA YOY/o FFO/)
Night 2/F SNYYVA \NATAS Ng
-IY-5A \Yas \id



http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

)l:z.aal GLQ:%)U..» CRP% 6‘)-.‘ le.».os.‘ LSL‘°°°|° AR Jj.\?

Overpressure el Jlss) JiB > dByo s ydsey loj 48> aw A S il 3
i gy s s daw bl sl JB e B4y ol B2 g . it
[bar] [ka] [s] [m] M) [m]
YA Yol¥ \o/f V- ¥\ V-
Day
IPVA \Y/¥ VAU V- ¥EIY V-
2/A/B
‘ YSA \W/§ VA V- ¥EIY V- g2yl
- _ AJoY-FA YEIY Wi WY Yy WY )
NZI?th VYA YEIY WID W Y W
JY-SA Y¥/Y WY/ Y. YNy We
RN Va/y VAIY Vo Y5 Vo
Day
S¥YA YAy VAV \a- Y5/5 Vo
2/A/B
Y SA Va/y VANV V0- \kdld \o- 92yl
. RN ¥y WY VY- YY/¥ VY- Y
Nz'?g‘t VPYA YY WY WY Y/ Wy
Y FA vy WY VY- YY/¥ VY-
RN WiV Yo VY- YVIY VY
Day
YYVA IV Y VY YVIY VY-
2/A/B
) Y S Wiy Y VY YVIY VY gyl
v _ YA Yy VAF " YAy " v
Nz'?':ht ATYA Yvis \AJF xR YAy XE
Y FA v/ VA - YA/ V-
YA \EIY \0/0 VY YVi$ VY
Day
TVA VEIV \0/0 VY- YV/# VY
2/A/IB
LY SA V&IV 10/ Y \\/4 A g2yl
RN YY/ VA - YA V- ¥
Night
YYVA YY/ VA e YA e
2/F
Y -FA YY) A V- YAF V-
RN A AN VF- B+/A Ve
Day
YYVA Jouey Y0 V4. -IAF 14-
2/A/B
) Y FA Joooy Y0 V4. -IAF \a- gyl
e _ oY FA \YY/F N Y oF Y 5
Nz'?th AYYA \YY/¥ A/ )Y o¥ )Y
Y -FA 8410 Ve VY- var VY-
RN N/ VIV VF- 81/ VE-
Day
JTVA Joe V81 14 o/ \a-
2/A/B
- Y-S [o) \ldA 4. [NAS 4. 92yl
= _ RN Yy AN VY- OY/A VY 5
Nz'/tht SAYYA \YY/Y AN VY- OYIA Y-
YA v/ Ve VE- A+D) VE-



http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

Bo. w Orotl > e g el (25
Maximum Concentration versus Distance
Leak
- Day 2/A/B
& Night 2/F
100000 ﬂ "\\
80000 \
% 60000 I \
—~
é 50000 I \l\\\\‘
40000 \'\
"~ ""‘m\
30000 1’ \\\l\\\ \
20000 \.' T T T T T \

Distance Crosswind [m]

80 100 120 140 160 180 200

20 40 60
Distance downwind [m]
Aols e o clale iSTas Jlogas ¥ S5
Explosion Worst Case Radii
Leak

T — Day 2/A/B 0.02068 bar

B : + = Night 2/F 0.02068 bar
0
200

-400 -300 -200 -100 0 100 200 300 400 500 600 700

Distance downwind [m)]

Sl s o sl glads Jlogas F S



http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

38 Ll (eoguse) blis VY Jgux

(M) 3l a5 YWSYNPPM clale b 6,0ty ater (M) 55 Jidl ol 35 b gjlis Jomo 1ok ez 0 Aol g (38 a)l‘:,
%)
\RNATAS \WEIY F
\WYS/D \O¥/5 A/B !
\.55l8 YOIV F .
Y50/ OO/A A/B
MYV WYY F .
VA \YWY/5 A/B
MY WY/ F .
asA g A/B
VS AN VFY/A F N
YH5/ v A/B
VOAX/A VEY/Y F .
YEEY/\ VAV/A A/B
:)"AJS)Lf.c)'lf)Li.;’J‘(_;‘ﬁ@io)wdﬁ)&»@lﬁ.\ LS):':?A"!:;-’

AB 95 IS sl g VAY

F 552 oIS (sl e VEYIA

Loyl 8 Lenil gl i o led ga liw b Y

AB s> o (sl sxe VAYIA

F ooz oIS (sl e VEYIY

s b bl Gl my oled ol @mlsY
slas,le oo Y PADAr zg0

AB s oIS 6l e YEFIV

F s> M slyr e YOAD

Sod b il gl i oyled syl @ls ¥
s3las,le /oY PA DA zge

AB 9 (IS Gy e TEY

F s o sy e YOVIO

S92yl 4 Blate s 0dguzme (n s @l 4 4y L
bar zgeo ool g F (g9 (oOISL 515 Jlxil sl iy o,les
arsi b osgamme | jo Bl so yie YOMD ply g +/+ Y FA
Jlazla (OF 5V - Jolaz) jlomiil 5l (280 &)l Jgozr @
oo iy s 0+ Lol 0yl o3 9929 4 ga> &,lus 720
Sl Slods o Wlgh oo Cuapds 5 Sgd o0 4SS
B LS i ol )3 el mam bl ol 098
Ot e YOO plp slsal 0l (a9 adlaie 630092
23,5 o

gl el 555 G glaadl 4 4> L

Sl mls @ bayye yhs sloosgame iy (addlass,ge
3 ol e Wy wiloe 5B bl bS5 58
aibhio )5 ly spbosn b B L LB ol
S Sz B il g jlasl @l a2 leal (oeg
5 e E slael poedle @l e a3 s, sl
el g alold blas o cdale yiSlas iy a4 Fa ¥ sla IS
VS Gl gl sadools yioled <> o 5oy o lxall
e 30 (G0 VOB Ve o5 o asl i 58 clale sSlas
b e el S5 55 ydaty ool 3Ll ol o>
Gials ol il s sanlive LB ol yeane 1o 3 linil (o
G Gre Voo g gy VT alold o 0 ke aleS @
gl Sl 2 Gizmed ey SalsS G5 5l )0 S
YEe U ilg oo jlmal glads 0 e 0 e > o 5y
2 09ee Sz y0 g yie Vet 090> ol e DS 0 5 e
w4 g b eises b aseg 6% YV 5l i ol
55 il (esgasme) guls o (V) Jguz) 515 jLacil (e0g00x0)
Sz o ol ez 5 Lal (e i LY Jgo2)
s PHAST 3805 jo eadiciy,ai 55 Jlendl ol o b 0L,
b i 0 ok coz o alolh 2She fuizaes
4 by po PHAST Jl38le 5 50 onisciy yoi Jlniil g0 slocas

Pablior 2 oS A G g gl ojled slog L


http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

BOY

e ool pay> e g Sl (U5

38 loasl (eoguse) s VY Jgax

(M) el oo 3 3k ce 5 sl Joro 5l Aol iSlas ,lqmllf;)om s o glwojled
Y5Ol5 NRARIZN
VFAIY NANAAN F
VFV/Y NARYZ \
YVV/A NRARIZN
VW /Y AN A/B
VSO NARYZ
YEYIY NRARIZN
\YV/5 ANAAN F
VE- Y NARIIN
vV NRARIZN ’
WYY ANAAN A/B
\Ya7hs NARIIN
YYA5 o[+YFA
Yo AR F
\YAIY NARIIN
Y¥&/A o[+Y 5N Y
\OY/Y ANAAN A/B
VFY Y SN
yYa/a oY EA
VWY/¥ NANAAN F
\WYAIY NARYZ
Y¥Y¥/5 oY EA r
\OY/Y <\YYA A/B
VYEIY DARTZN
YOM O oY EA
VYE/¥ A F
\FavAl DARTZN N
Y¥&IY NRARIZN
Va- /0 AR A/B
V- /¥ NARYZ
Yov/o o[+Y 5N
WYY AL F
\FY NARIN s
Y¥Y o[+Y 5N
ARY AL A/B
Va- /v NARIN



http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

CS o ol 6, 1 dlewsp s icwl oul 00y )3 sl &Sk
, olo,ad 5 Sas JbS pliwzol 5 olias olKadls 4 Gabinll 5l coles zob ulol L, alie ol

Ll Sleal olnl 5B e e8,h Slaniy boas)l cwlis)ls
Refrences

1. Ebrahimi S, Agha Seyed Jafar Kashfi M. Identification and evaluation of environmental, social, safety, security and
health consequences (ESHIA) of upstream projects of the oil and gas industry. Comparative Law Studies. 2015; 7(1):
1-22.

2. Anna D, Yuli W, Yi G. Development and application of screw expander in natural gas pressure energy recovery at
city gas station. Applied Thermal Engineering. 2018; 142: 665-673.

3. Ebrahemzadih M, Foroghi nasab F, Mortazavi M, Soltani Gerdfaramarzi R. Analysis of Processing Accidents due to
H2S in Clot Stuck Unit of one of the South Pars Refineries Leakage Using Determination of Safe Privacy Approach.
Occupational Medicine Quarterly Journal. 2015; 7(3): 11-18.

4. Ghasemi M, Givehchi S, Nasrabadi M. Modeling The Outcome Of Tank Explosion Using Phast Software And
Presentation Of Emergency Operations Plan (Case Study: Ethylene Tank Of Kavian Petrochemical Company).
Journal of Fundamental and Applied Sciences. 2016; 8: 2007-2021.

5. Nowrozi B. Evaluating the consequences and determining the safety of gas pipelines with PHAST software in one of
the provincial gas companies. Master's thesis in Chemical Engineering, Faculty of Chemical, Oil and Gas
Engineering, 2016.

6. Setareshenas seghalani N. Analyzing the consequences of spreading chlorine gas in urban and industrial areas.
Master's Thesis in Chemical Engineering, University of Sistan and Baluchistan, 2019.

7. Pourgadiri A, Ashrafi F, Farhadian Esfahani M. Safety, health and environment in pressure reduction stations and gas
transmission lines. The first national HSE conference with the approach of upstream oil and gas industries, Abadan,
2013.

8. Mousavi SA. Quantitative assessment of risk caused by process accidents in Ramsar gas pressure boosting station,
Master's thesis in chemical engineering. Islamic Azad University, Shahrood Branch, Faculty of Engineering, 2013.

9. Tabrizian SA. review of different methods of removing hydrogen sulfide. The second national conference of modern
sciences and technologies of Iran, Tehran, 2015.

10. Ebrahimzadeh M, Foroghi Nesab F, Mortazavi Mehrizi M, Soltani Gardframarzi R. Analysis of process accidents
caused by hydrogen sulfide gas leakage from the coagulation unit of one of the South Pars refineries with the
approach of determining the safe zone. tkj. 2014; 7(3): 11-18.

11. Norian G, Amiri F. safety risk assessment of suburban natural gas pressure reduction station with FAST software.
Fourth International Research Conference on Science and Technology, 2015.

12. Minabi A. Simulation of the concentration and distribution of hydrogen sulfide gas caused by the waste incinerators
of the sulfur recycling unit in a gas refinery in Asalouye. Faculty of Environment and Energy, Islamic Azad
University, Science and Research Unit, Tehran, 2016.

13. Movahed AR, Jahani F, Parvini M, Shakib M. Consequence Analysis of Gas Condensate Leakage in a Gas Refinery
to Develop an Emergency Response Plan. J Occup Hyg Eng. 2019 ; 6 ( 2): 1 - 8. DOI: 10.52547/johe. 6.2.1.

14. Nemati A. investigation of gas release damage from propane tank using PHAST software. Oil and gas exploration
and production magazine. 2018; 168: 17-27.

15. Tian, Xinghao, Jiao, Wenling, Liu, Tianjie, Ren, Lemei, & Song, Bin (2021). Leakage detection of low-pressure gas
distribution pipeline system based on linear fitting and extreme learning machine. International Journal of Pressure
Vessels and Piping, v. doi:101016/jijpvp2021104553

16. Hao Xu, Hongchao Liu, Optimize Evacuation Route Considering the Operational Cost as a Constraint, International
Journal of Transportation Science and Technology, Volume 2, Issue 1, 2013, Pages 65-78, ISSN 2046-0430,
https://doi.org/10.1260/2046-0430.2.1.65.

17. Seung-Kwon S, Young-Gak Y, Ju-sung L, Jonggeol N, Chul-Jin L. Deep Neural Network-based Optimization
Framework for Safety Evacuation Route during Toxic Gas Leak Incidents. Reliability Engineering & System Safety.
2022; 218:108102-108118.

18. Abdolhamidzadeh B, Abbasi T, Rashtchian D, Abbasi SA. Domino effect in process-industry accidents—an
inventory of past events and identification of some patterns. Journal of Loss Prevention in the Process Industries.
2011; 24(5): 575-593.

19. Haider Asadi S. Safety of natural gas in gas supply. National Gas Company, 2019.


https://doi.org/10.1260/2046-0430.2.1.65
https://doi.org/10.1260/2046-0430.2.1.65
https://www.sciencedirect.com/science/article/abs/pii/S0951832021005998#!
https://www.sciencedirect.com/science/journal/09518320
https://www.sciencedirect.com/science/journal/09518320/218/part/PA
http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

BoY v ool iy Ol g doly ()

20. Khanche Sepehruddin S. Analysis of the consequences of the explosion and fire incident in the suburban natural gas
pressure reduction station number two, Urmia city. Master's thesis in chemical engineering, Urmia University of
Technology. 2016.


http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

IveT ol mawas 31 oo solol el ol Jloe V-0 Jga

s KW/M?) gints cus
O ooy oldl sl ST 5 e sl (gan] 3 Sl 5 loasly 4 o lus YVIb
S5disn S o zrge Sl o G5 D50 50 10l (Byre 53 98 & sz o] v
Sl lge 0 095 5 (97 slo Dshly o 8> slml sl e (5551 Pl \Vio
Jsl az 0 (K il o o] (o yme ,0 4l Ve Blas a5 (g0l )3l 10 5,0 ol ¥/
A o ke s (B s alml (Vs ulas 5 0 \lig
G y93 il Al

LY o] Jleel floy @se a1 g 51 o306 Sl oy -0 Jgoo

(sec) 1T 5l ol ptats Jlos) floscste caws 5 oddolon) il wojyo
KW/MP) it of5ee

a97. 10 Al

ar- Ty Vo f
v.. A- Y. YY/O
- Y. A VIO

Ive] il zgo 51 50 oaiolonl cuml obs,) Jlxe Yoo Jgox

el gse i
h (bar)
oasas 3T slaw [ARIER
Wl osgy (285 55 S WS oS Sy (slvo oy Aded (eSS @lge (B 0 b ojle 4 Ol pos [+-¥
o dlnd HiuSd @lge (F 0 50 (S )lpd ReSh and ail slae [+o¥
SRS G CoS SarS sl eSS [++Y
looonty (a1 (sagos ailinl v [+
S5 g0 ALnSL oo ety s V0 )5 3525 e3game (nl 5o gaz &)lus 130 Jluixl 4 /oY
L o3l &y dgae 5 0252 O)lus [+Y
Lo oty Ol 4 dodio &dlge (B 0 (g o dnSlls logos ooy o[+ V=2/+ Y0
b b ojle 4 o3> O )lus [+0
b SO i ploggl R
Loy o CisSw JoB 8 da s 5l tend o 50 NN
@57 6l Pl Sl dalss 03 g 00t (w5510 zoe cerieosll b (53Y55 slo il Cens g o 4SS I3 e (slo Zans] Nary
iy 0 98 b Bl g oad o5
oad silules slo leisle o318 QB o5 5o <\
b il aiw g b las 3l Sied o 55 NIV
Sl slo Sl boad aslo glajloo b gl 2 s V-0V
b s 6, sls Coand 55 70+ o lazsle 4y oz &yl ol o> VA
09 Oselaigd e 1 g 00 g 55 o laisle 60Y58 sl ity o iz )ld Smio gl platsle o (S ST il oAl



http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

Bor w Orotl > e g el (25

Wb g 09 iS

5 0yl S s s g ol g bl ol goVsh L gl slo plazsle

WS (oo bgh S5 sla o)

Wgdior 5 (297 la Bl wgdioe o)l S (rio sl plaiSle 53l (15,

a1 yealS 5 o fragil ity s 052 o 0500 b oo et 3o W el s o 55 (ol 5 Byt atsr (5o S
Ny (50 958 SIS Ceoms

o (25 Ayl (St o ) gla Jy >

lo als JolS' Lo, 55

s dof sl f (55 9,8

Sgdse s 5 055 3ls el Yo Yo cualins 4 g 2] sl lgzo 5 b slo oFTs oy oSl slo usile
W oo w5 b oo g 55 tasils TO-YD Cusbied 4 (6,21 slolad cmbons st 652] slo il

Wgd oo 55 Ml 0ad (655 )L (sl lla3

Al (o0 dodo DA 4 g odd bule S cile SVl o )ls sg2g o laisle IS (w50 Jlaol

“IYA- Y
N

IY



http://dx.doi.org/10.18502/tkj.v15i1.12978
https://tkj.ssu.ac.ir/article-1-1221-en.html

[ Downloaded from tkj.ssu.ac.ir on 2026-05-01 ]

[ DOI: 10.18502/tKj.v15i1.12978 ]

Consequences modeling and determining of safe distance in the natural gas
pressure reduction station using PHAST software
(Case study: Borumi station in Ahvaz)

Torfi Alivi A !, Shahraki F 2, Sardashti Birjandi MR ¥, Khalilipour MM *

! Masters student, Department of Chemical Engineering, Shahid Nikbakht Faculty of Engineering, University of Sistan
and Baluchestan, Zahedan, Iran

2 Professor Department of Chemical Engineering, Shahid Nikbakht Faculty of Engineering, University of Sistan and
Baluchestan, Zahedan, Iran

® Assistant Professor, Department of Chemical Engineering, Shahid Nikbakht Faculty of Engineering, University of
Sistan and Baluchestan, Zahedan, Iran

* Assistant Professor, Department of Chemical Engineering, Shahid Nikbakht Faculty of Engineering, University of
Sistan and Baluchestan, Zahedan, Iran

Abstract

Introduction: Gas pressure reduction stations are one of the most important parts of natural gas distribution networks.
Risk assessment in operational units is a suitable method to assess risks, and their results can be used for management
and decision-making regarding control and reduction of its consequences without critical concern. In other words, risk
assessment is a process that identifies risks, assesses losses and determines risk characteristics. The present study aimed
to model possible accidents, the subsequent evaluation of the consequences, and determination of safe boundaries in the
suburban natural gas pressure reduction station located in the Bromi area of Ahvaz city using PHAST software.

Materials and Methods: In this study, possible scenarios based on the investigated background and utilizing the process
data of the studied gas pressure reduction station, such as temperature, gas pressure, gas analysis, and meteorological
data, and also using Pasquil's classification of atmospheric conditions the safe boundaries in the suburban natural gas
pressure reduction station was investigated using PHAST software version 22.8 and. For this purpose, 6 possible
scenarios were investigated in the selected atmospheric classes as well as the worst possible conditions. The
consequences were evaluated based on different states of gas discharge, gas release, flash fire, sudden fire, and
explosion.

Results: Based on the obtained results, the areas with high-risk potential were related to gas release and explosion,
respectively. Also, the highest risk range belonging to scenario number five was reported for a gas explosion with
atmospheric class F and wave intensity of 0.02068 bars and equivalent to 358.5 meters. In this range, according to the
damage caused by the explosion, with a probability of 95%, without serious damage, 50% of the windows will be
broken, and therefore it can cause human injuries. Based on this, the safe distance in this station was determined to be
358.5 meters.

Conclusion: Based on concerns about the lack of risk assessment studies over the initial phases and during the
operation of the station, the study shows that determining the safe boundaries and high-risk areas along with the priority
of risk reduction is very necessary. It can be concluded that the modeling of accidents and the evaluation of the resulting
consequences along with the determination of safe boundaries is one of the basic factors in the health of the working
environment of personnel and the general public.

Keywords: Toxic Gas Release, Explosion Modeling, Process Accident Modeling, Quantitative Risk Assessment,
PHAST Software
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