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Abstract
Received: 08/06/2019 Background and Objective: Pipeline inspection gauge operation which is
Accepted: 06/07/2019 called “pigging operation” is a practical online monitoring method for

maintaining the pipeline in a healthy and safe condition. This operation
requires high man-machine interactions. Therefore, it is sensitive to human

How to Cite this Article:

Mirzaei Aliabadi M, Esmaeili R, error which can lead to catastrophic consequences, including human
Mohammadfam 1, Ashrafi M. mortality.

Application of a Standardized Materials and Methods: This descriptive study was carried out to assess
Plant Analysis Risk-human the probability of human error in pigging operation in a gas transmission
Reliability Method to Pipeline plant in Iran. Initially, hierarchical task analysis was conducted via walking
Inspection Gauge Operations. J through the pigging operation, observing the pigging operation tasks, and

Occup Hyg Eng. 2019; 6(3): 34-

43. DOI 10.52547/johe.6.3.4 doing interviews with operators working in the operation. Subsequently, the

Standardized Plant Analysis Risk-Human Reliability Analysis (SPAR-H)
was utilized to assess the human error probability.

Results: In this study, SPAR-H method was implemented on “pigging
operation”. The mean value of human error probability (HEP) was estimated
at 0.218. It should be noted that the mean value of HEP was regarded as a
subtask of “opening bypass valve for decreasing pressure”, as well as a
subtask with the highest probability of human error (0.841).

Conclusion: The SPAR-H method is a useful tool for practitioners to assess
HEP. According to the obtained results, some of the preventive actions to
reduce HEP include the utilization of more clarified instructions for
performing operations as well as the automation of the launching and
receiving pigging cups.
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Standardized Plant Analysis Risk-human Method

Copyright © 2019 Journal of Occupational Hygiene Engineering. This is an open-access article distributed under the terms of the Creative
Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and
redistribute the material just in noncommercial usages, provided the original work is properly cite



http://creativecommons.org/licenses/by-nc/4.0/
mailto:rezaesmaeili794@yahoo.com
mailto:rezaesmaeili794@yahoo.com
https://orcid.org/0000-0003-3772-6780
http://dx.doi.org/10.52547/johe.6.3.34
https://johe.umsha.ac.ir/article-1-496-en.html

FY U YF Ol AN Gl ¥ oslod o 0y90

&8 > Cllagy (wdigeo alxo

d - \: 10.52547/johe.6.3.4 pgy o

G155 oldes 38 (SPAR-H) Giluil slollas Susy olly iy (5ibwosly
3 JGt &g bohas

f‘;é).&‘ o 3o ‘Y,olé..mao CJ:’.‘ ‘*e‘v‘slﬂmnl Lb) . ‘cS‘bL.’TgH': ‘54|)).uo Go.b.a.o

Ol elas (led (S pole RS coilags saSils o i ral 5 Cudlagy Sliiod 55 1o oslad > Cutlagy B30 (oode lab bstiul

S pole oSl wodligy eaSails (lid ol 5 Selagy DLk 355 islad e cetlige (Bsel ale bl ] ool semtils |
Olpl olaes losn

Olpl laes (laes (Siop pole olStsls croblags saSiisls o did ol § codlagy Sl 55 0 o gld > cudlagy (cdjgel sole dad oliwl T

Ol Ol 5 S el St oSl (g e (gl 5 golio pusikige 23S (50 0 5 e Supjpike 095 bl T

pole olfails coiilagy saSiiils o Jad el 5 Coblogy Sladss 35 o glad o cublagy bjael cede Clad o Liransl Lo 1 ghuuno o0dann g3 ¥
rezaesmaeili7z94@yah00.com : Lol .ol pl claes (olass Sy

ouSz
%0 Sllee a5 (PIG: Pipeline Inspection Gauges) alg) behs ow )il clles 1802 g albbw  VTAATNA :allie bl ;o &40
il n yotl 5 Wl gl o ) s 5 Shos g Ll i gl 0T s g, oS 058 g0 oogel VWAA N0 tallie b iy g )b
Ol g o0 poles Sludl slallas 4y cos o) cpl 5l o)l cpdile g Ll oby Joles 4 5Ls Sldae )

pole olRails (glyy i ek seled
el Lgass oo S

25 o3l S e aloz 5l (g Lanxd Cdlse 4 yomine Wilg o ol

Sy 55 S Slbes 53 Sladl sl Jlozm 5,510 pslatess ol o asllhs (LY 5 Slgo
HTA: Hierarchical Task ) ailsy 5| ealude Judos g 45550 lol .o plosl ol o 518 Jlasl o8 o
ool 5o Jels sla gl b aslas abnil 5 oS0 Oldas cinllsg sanlive «(s5,00ls 3,k 5 (Analysis
SPAR-) Sluil slallas Sy 4l5Ty by, e Sl slas Jlozml ob,] sl aalsl o o plowl lilas
28,5 1,8 solaul 0,90 (H: Standardized Plant Analysis Risk Human Reliability Analysis
592t Jl 5aSilee 5 b giluesly S0 Sldes )3 SPAR-H g, 1ol tagyy ,o iaaidl
3 bl sl 59 Jlis! (uSils o5 Coul S5 Lls 005 aale VYA Jolae SLudl glas
Sl glhs Jlozo! i5Tas L glaiels s olsaear " )Lad (hals jsliieay sl o 00,530 aiels
s asls ((/AFY)

5o Jleio aplome jslaien laasie slp @)l 5 ke lnl o SPAR-H by (6 55 42
5950 Jlexst rals jslatedy &l Kin Slladl jl Sy pols aslllas mls olaly .ol Slul glas
Pl sl pasiie g ily ladeallygiws 5loslital sl sisgy ©)le 457 035 Sleidn Sl (slas
SR S il g Sl slasil b (silggbosil 5 Sllas

dg) bz ok Sllee t Sludl glallas Sy (55515 g, £ Slasil sllas ¢ S, E0 1goadS 55519

[ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

[ DOI: 10.52547/j0he.6.3.34 ]

Tesle oz lald s Sl bis gln 6yS
shol cod b bads gl il (o g 0oy diedgws (@S-built)
slol> V- £Y [z] Al oo pteo 5 owlool Jlons gl gl
S8 sy 9550 o, Sen s RaMirez-Camacho aslllas yo a5
iz L g wog ooldl glasl Ao bglas 1o s 0 Y wid
9 FAIF ol podle aivgs ool &) o o Sl ple 10 9 50
BT (5,48 5 by Bblie o oo ey D3lg> 5l oo 0 YV/F

Yo

EPRV-H
sl ool Jlasl les Lo 5l ewlcussay Sledlbl ol
OPS: Office of Pipeline ) IS, ol sosxie VLI alg) bglas
Sl sl i algl Lo )3 (i BYs (n Sals (Safety
9 0l3e (53,55 Dy 5o LAl Jeld aiilgi oo 45wt
S 5505 olo Olgse ool ol o V] axl o) Kigx L
Sk b 5 JUsl dgd belas (65l 5 eesd Sllee
sl Sles aBloe Jays3n (VL Cueal Sy 0o

IVAA 5l ¥ oylols oF 090 (slad yo Coblogy (owiigeo aloxo


https://orcid.org/0000-0003-3772-6780
http://dx.doi.org/10.52547/johe.6.3.34
https://johe.umsha.ac.ir/article-1-496-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

[ DOI: 10.52547/j0he.6.3.34 ]

Sl oldoe yo Slusl glas

Solg ol [A] 9205 K0 55 50 s mr 59,9 50 S o
ol 5o Gl Slles )0 oolog, @il 5l (SasS Gi
AKYUZ Loy a5 gladdllas 10 )lge cpl p oy9380 aiiend ol
S Sllas 5l oolannl b las 05 505" s plosl Celik 4
65k Sllee o Gy oles leo o (E-0LVAS) Sl
CanSs ) Sap g BUDDICO anlllas ,o (yrion [L] Ogs
ol s cuss b cde lyiea S5 Sllee o
Sy dgd bglas o jLal ) sloolyg,y o Sludl slles
Jsane G, S Sy Slibos o IS jsboar [N1] s a5
551 0] I e ale Wyl Cdlae 4y yomio Wilgi o Dldas (ol o
ot Slaladl aSyl 952 g L S g 51 1Y) 50,5 1 B
igh oo Jlesl 315 5 cs mlio o 885 o Josrllygiws 4
o3l & ool jgiws 5 laladl )l a8 sy oo Ll 4 Ll
ol tidloas S5 Solg> g98g 5l 6T sl> sl S
39 SloausS e i Ay o Sludl Gl las ole,gS1
sl asly mlio ol jo @ols> 545
e Ban b pols dalllas 0ol SO 0)lge 4 axgi b
9y Lhyy ilwosky Gyl I Sluil sl 59 Jlezo
Standardized Plant Analysis ) Ll slallbs S,
opl ax 81 .0 sl (Risk-Human Reliability Analysis
T Lol tensl 43315 dnnngs  sounits 1o qulio (s ol )3 g,
gol> ol bl e sbas! Glisebl allls L5l sl
2 @by Gl Slles (izras g 59 Sl Caio 0 S
)90 (bt 4l I8 S, o (Permit to Work Systems
iyl by S SPAR-H [10-17] ol s 51,8 aola
Gly gloo s jsbay o5 adle Sl labl oL
Sl I gliad ol Sludl slas 59 Jlex>l b))
S8 eolaiwl 850 polaisl S5 G5l eolal 5,k
ssbaieay ol adllas o b5y ig, [VF] ool ws S
5 Sleslo sla Sy e Lulpd 5 oLl o Shas o3|
ol o Slos oaims o sl ,5iS1 5l 09,5 SO B yme (60,8
(G537 Sz gl o sl (o 53 Sl
Slebsl SellB b3l sl 4 canl s3ges Byme |y (68

bvgy 99190
Sehls b)) psbiied pol> hnog - ki iash
Jesl a8 e Sy dlglja}u’“,))'lf Q[_:l‘,_g)_)du| OL'*:?AIG‘

Jedow SO gl a8y asdllas ol jo ol sl 1l o 58

IFAA 5l ¥ ojlods f 0590 (glad o Clilagy (owdiieo adxo

Solgz pl 3l as o VI walllas cpl 2l b Gillas .2ogy ool
Kog blsyl po jlad geil 5 5y Sldes b pudiis jsboas
bos "G Oldes” ol ay a5 alg) bas w )il cles [Y]
sogdle iloe 5B g Cbi bsla o)l sl 09290 (5SS
S olgreas G0 Oldee ( gbla> gla g, S0 3l colatul
bolas (T )i (6l @Sy (65K 5 el )
gl bz s> gly T oyl anl s ol g, 0 )5 4 alg)
g5 B 590 D)yge 50 9039 6Ol (el gl Ll SG o
sty cwln oley jo (ol Sleladl plxil (6l JSie
[f] sslioo oshe 5 0auS S gl bghas jas Job 38l
i Silbe SR Slles (o sadaizlil Slilas ) S
5 9> 3l Gl Cepu ) bglas s sl 35 (YL jLid
5 ol Lo 5141 L S S 0,55 2 oS et J S
g (6 banzl By 4 e ailg o ] 51 e 4T 6,8
59 % Sldas b bLs )l jo (gouxin a3y g Solg> alls j»
gl 5o 55 5 05 lio K Slas o o Jsb
Y Jloa 687 0 Jlo Glareas tcwl ool (5155 lez
Ol o a5 a So g G plaaly pleal o LK ldee SO
5l ol Ceows dy g 0o )l ) Las 5ol Led 3T s oldes
RTINS [é] Al S5 g0 ubaiaS 4 omie g oS Ol
Oy 5 Sugi eaaS il o (o jbxasl YeNP Jlo Sl Vo
Jsl balas o1 ,X0 ldes 0 g oSl o jLlid ials
FO 90 (K guw b 5,5 90 ol 4 ymie w8 il o 518
[f] 20,5 il 1 (36 zge o)ly 5 eilnl Sog ol sy
gl b o aol G 0 YN0 Jlo Jygl T oo cplpedle
5ol Bl e el il g0 Blas e o KB <L) o GAIL
S Sl 5 woged Dg8 g oud (Sidgw o I Ayl L
oo 7, sley dol> cpl als e ol cpl Sl ps 508 Ko
B, )8 4 A Lt S ead sl o S oy a5
5045 ,a5 g0 aubaraS el g W S )l dlgd ksl oy
Voo f Jlo s cpizman [V] wiass caing esliwyl alg) Las sl
Lghs 69,45 5,15 G yabanis 4 e glaol> LT o
Sy S wols cpl jo 08 WS e Y b 8 Ay
SLad 510 g 00,5 5.8 cauSEdl 0 Cewd jo oS SISy
e b (sl b )3 (5 Jdo ) Sog ety 35 VL
a8 Dby g Ceew 4 (Selos p yieghS VT 3902 (VL
s gl ) 5l plusl bgiuw aulen lasds oSl ol el g
W 3 plar 5 oS 551 e 55 el posdle [A] s 5
Gilwoslal anld b YT Jlo (895 YO &, ,0 odsie
00 Jlo )l (51,5 Sldes 5l ooliinl b dlg) bl oyl
8,5 158 i o g ol Jate dlod las a4y aS g5 g0

a yomie dols pl ol ol o clss g SHb el YL jlis

\id


http://dx.doi.org/10.52547/johe.6.3.34
https://johe.umsha.ac.ir/article-1-496-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

[ DOI: 10.52547/j0he.6.3.34 ]

ol g g3l e 15 a0

loanld 5l LS el aseis albs SPAR-H ) 5o
oS dbee by 5 s plas I, LS Ay
aslllas ;o anil oo cislby pbul sbiwl, o pladl samsles
Jlizl yolie o 54 SPAR-H i o], o GErtman
NHEP: Nominal Human Error) el Slul slas
5 wanis wllby 4 1) +/e+\ 4 +/+\ (Probability
ol o s e 4 polie cpl wlo plais] oo Slee
bzl o oz Glie & 5 g pariis alby ol S5US
Loy o8l g pSojled caaSs S ol )liad aisle ool Slos

S o 0Ll Lee sl IS (sl ool hyd SO

oo b 455l Cudid sy g byl T al> o
o Kloc
Slles o oludl casls glaolayg, o5, som p8

22,8 50 by mrdis cdalin &,k jlasby oSl ealle
5 ilize @lby b, olyen (5 L alas o SIS0
il ol e s (V Jgaz) 08 planil (S50 Slles
S Shlee g jfanlly jo Gludl glaz 55, Jlax>]
Ao 6‘)% Colys 59 .).;o)f S rbb axdllas LB Q‘}L.cd.g
25,5 )5 oolizl g0 SPAR-H g, ¢ sl (sllas JLaz>!
Iy DFT SPAR-H Lo, ol5 4 ol5 (slacal, b 3ilas
SN Slles o Gl plaebl collB b5l Glr 2)
b plosl

olecdr Hlud) canld ol g, savaid ) dl> po

[ é » .
S5 Oldes o luil cauSls slaslayg, alsyo ol o

WA gandiws 90 ;0 b g0, Slas (pasid ylby lsica

Shfe oldas o i Slpealids oo 5 4500 0) Jgus

(5led) adubsg s

aiybsg 291!

XD dgd s 50 by 5o 0550

X2) 55 ol Sl ool 55 e alne

X3) S5 y3me sl 5ks 990 55 bawgio s pos dsle

KA S5 590 slr 58 3590 Jamgite S ps g algd b 53 51 (b2 (Sl anlie

Ao bz 50 55 (b o)

X5) ol ous ooliinl SLB a5 Sog5 &l punis 18
(XB) als 5 gl IS (slailginl 25u b g5 jad sl 56

Sy S5 ol | arabs

XT) 455 ;0 o lid 4y a8

(XB) cwd g0ty b s 40,5 S

bshs 53 el Gogil 5l plalel

X9) Lol pl 4,5 Josos
XLD) s (bl 5l ey e Jad 5 el wnls

S jeme j9i0

X12) dg oz 4 Sl Jlasl
(K13) jgm 5008 (30,5 (o9
X14) jlas )38l

(X15) ,lzs zals

(X16) g e 305 5ol

)¥ ‘)i‘

s3m oS

SR S cly wlen 5y

X17) dgl bz 5 Jlo)l jao 10 Sog5 ols,l )8

(X18) u» s i

(X19) Sy JUSms (53 Jled

(X20) g g (nyo 4l sloazm ;o 00,55

X21) jlas oli8l s, (Kicker Valve) S5 8,550
(X22) g i 35Sz

S Sog by

(X23) L2 2als sl sk b 9933k

(X24) dlg) Lo aplos jolatody (s 5 g el (35035k

(X25) aly) L JaS 4,156 51 plivabl 5 i 8 09,5 S

X26) Ky 2l o oo ol 5l Ky msls

) et lizan) oS Sl 3 nala b slaally I ) bglas 35505
X27) (dg) bghas 1 il 6}5*‘&*3—‘

085!

G Sog 2l

Yy

IVAA 5l ¥ oylols oF 090 (slad yo Coblogy (owiigeo aloxo


http://dx.doi.org/10.52547/johe.6.3.34
https://johe.umsha.ac.ir/article-1-496-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

[ DOI: 10.52547/j0he.6.3.34 ]

Sl oldoe yo Slusl glas

ol Sl sllas Jlade 020 Gk 5l ol (Sll slla> 59
() alal)) 00,5 acul=e PSF Composite lais ;o

HEP=NHEP.[]? PSFs ) ala,

row aw b o Shoe saims S (sl ,gxS1 a8 al i 5o

Widgy (o ymed )3 (V1 oy o p0 b zolaw) i b (e

dloee Mol o po Sl oolinal b bl sllas laie
(Y adl ) o S

NHEP.[]8 PSFs
HEP= —1
NHEP.([1§ PSFs—1)+1

Y aba,

1 ol o Slae oaims IS 5551 ot ool 1S
5,Shas odims IS 52515 m axlllae ol 4 bl e Y Jgiz
Syp0 Sl CaSll glaolyg, bl bulyl 4 axgi b
Joallygiws bl goue polie (oplply 0285 )13 (o) 2
A ools (plais! Sludl ey olayg, 2 4 SPAR-H iy,
5 ololis )5 L aslas golows wBas pl 4 olsws ¢l p
sanlice b olyen 5 Sllas ) oaiiSeS,d glasily

L85 Sge )5 N,

oo iluidl (Glas jgp Jlais] ot :F alo po
O Xloc ouldo S5 slo o5 OY > clivo
55 oxas JSh slaygiS s 4 boye gobaw s 5l
PSF ) oS 5 oo St ,eiSs Jlde lal o %0 Slles
Jls e s 0 859 3 zglams ol 55 33,k 51 (Composite

(uYB LY Joy).o w‘).o 9 .Ia.u).a qu>) SPAR-H wj) ) b)gLo.c a..u.a:oJS..’L kSLQ)j"Sb .y Js-\’

(o 5dos ylbg) culps  ((pamiudd ylbg) culyps R PSFs: ) s Sdos a..\&bad&,-f;; sl gisd

(Performance Influencing Factors
ol ey o e
A " ok

\ \ o s 5 e
\ \ S e
HEP=) HEP=) st
\ \ o

' Y e il
5 N "
) N Tély pansuis

\ \ N /

: ° 0%z )l
o > -

\ | . il
i \ o=k
) ) =
) b Cinnd Ul s 53

" v Je5L L9,
- - s e
I /a =
) \ -

\ \ s Oile =l S50 05355 )|
: & arg pos
) \ o~

: o Ot el ailhy b ool
HEP=) HEP=) ol e
/o )\ -

\ \ = &, al )
A 5 s

WAA b ¥ oylad oF 050 «(51ad y> ol swoides aloxo

YA


http://dx.doi.org/10.52547/johe.6.3.34
https://johe.umsha.ac.ir/article-1-496-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

[ DOI: 10.52547/j0he.6.3.34 ]

ol g g3l e 15 a0

et Slly a4 az i b ogd o Gall 4 jomie S0 ailig

g o5 chawgte w0l JolS) (Sl g8 g il 5l (S

ooy d(Dglite b (Lasy) o5l nl (bl hallsg (Lo )3 (i

Jome d(oglite Glapley o b 5 plejpee Ojgod (alplxil)

e (BLolpe b (Bl s 5 (oolite b LSY)

Jleil b3l sl o Somly o a5l 30005

PW/OD: ) i (Sly b Jlsio aielsy 0 fpm canSs

(probability (human error) without dependency

(255 15 ealiil 550 5 50 saisaill slaial,

VLol JelS (Soaly b ailsy 90 (sl p canSls Jla>l @
o

12 Joles YU (Sly b aiiliy 5o gly conSs Jlaz>l @
sl (1+Pw/od)

TG iy fasgie (Sily b 4oy 9 (sl cnSls Lozl @
Lol (1+6%Pw/od)

120 Jolee o5 (Sialy b aailsy 90 (slp canSs Jlz>l @
el (1+19%Pw/od)

basdl
Sldas ;0 SPAR-H g, (g5lwosly anl 3 isu pl jo
sobds ol ool Wl A jsbay ¥ o Y ol o SIS
S50 38 Janl w85l 5o Sbez g Dldes o il nl mh (IS
Olimebl coblB SL5l g, ol 5l sain S oo coled anlllas
3o JL:_‘) Lng)ﬁ"b"‘ .]4...:9.: o..\M\‘al?u‘ u.onj ‘saLo.a dl).: LS’L‘“‘"

CleeY gelo) polie b o gy g0,8les g (pansels
3,Sles saips IS sla 52518 PSF

Jiz! dnbre glp anlol jo g 0l Gy, alflas &)g0a
oz SRS b lade g0 ool (oS5 Sl gl

=HEP,+HEP,Py op Y alal,

Jass Gl slaz 39 Sl Py /0p
6, es ylly gl Sl sz 550 Jlea>l :-HEP,
anreis by gl Sludl gl 54 il :HEP

rlby o (Fanly (] D oo
Aol 4 atebg 99 (e (Siamls SPAR-H g, o
ol [LA] Ol oylal Koo aady o Slae p anly SO
S bawgs adiplsil aniby 90 (el Sae (Sl
6,551 5] lawgs oabplnl saxie ciylby loe ;o b g 030!
las Jlaxsl conl (Sas azs )5 [V V] 50 il Gilisa
2 Sl sl Jlaol b b oaiby o e Sl

anlllae 3,50 55 Jlasl o8 08 SIS Oldes sy 0 HEPp 3 HEPy polis )50 5 5 8,Skes saias K& slo i1 oo;liel ¥ Jous

Sl glas Jlozs! o S has uins S (sl giS1 "

" | 09555 Y J iy

GO fes pamdi wlp Sl s [yl 50 oloj By R

HEP) HEPy) &5 L gl P e s s S S

ainby 990
oile

" ) ) ) o ) v ) ) et VL X1

" ) ) ) ) ) v ) ) s VL X2

" ) ) ) ) ) v ) ) s VL X3

- A ) ) ) ) ) ) ) ) s VL X4

A ) ) ) ) ) ) ) ) s QAL X5

A ) ) ) ) ) ) ) ) oS VL X6

A ) ) ) ) ) ) ) ) oS VL X7

[0 ) ) ) ) ) ) ) ) 6,Skes VL X8

Iy ) ) ) ) ) ) v ) oS Y kb X9

I\ ) ) ) ) ) ) ) ) s ¥ Ll X10

I\ ) ) ) ) ) ) ) ) s ¥ Ll X11

I+ ) ) ) ) ) ) ) ) GoSlas  ysupaS sl X12

ey ) ) ) ) ) ) v ) GoSlas  ysespeS sl X13

AN ) ) ) ) ) ) ) ) GoSlas  ysepeS sl X14

AN ) 3 ) ) ) ) ) ) GoSlas  ysemeS sl X15

[+ ) ) ) ) ) ) ) ) GoSles S sl X16

R ) ) Ve ) ) v v ) GoSes ) e X17

0 - ) 3 Ve ) ) ) ) ) eoslee ) e X18
Y4 IVAA 5l ¥ oylols oF 090 (slad yo Coblogy (owiigeo aloxo


http://dx.doi.org/10.52547/johe.6.3.34
https://johe.umsha.ac.ir/article-1-496-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

[ DOI: 10.52547/j0he.6.3.34 ]

Sl oldoe yo Slusl glas

Y Jgus aldl

o0 - \ \ \ 5 \ \ \ \ eoshe ) geces X19

- /) \ \ \ \ \ \ \ \ i) e X20

< IYABRY - \ \ ¥ \ \ Y Y v oSl ) eces x21

- NS \ \ \ N \ \ \ \ i) et X22

SIAYYEY - \ \ ¥ 5 \ Y 5 v oSl Y eces x23

SNFEAN - \ \ ¥ 5 \ Y \ \ eoske Y geces X24

Y - \ \ \ N \ Y Y \ i e X25

NITRaYS - \ \ ¥ 5 \ \ 5 \ oSl Y eces X26

R - \ \ ¥ 5 \ \ Y \ eoske Y geces X27
S Slbes by 0 ol Gl slas 5 Jliml ¥ Jgu

Sl Gl g Ji>l Pyp  Sewls  Pwp  HEP,  HEP) S Ay 5l adnlig

i i - i - i VL X1

<IYYA <IYYA lugie <\ - <\ V,bL X2

<IYYA <IYYA lugie <\ - <\ V,bL X3

AT LAY Lugie o/ - o/ \,bG X4

JJe0a AN ol oo - ooy VL X5

LIATA LIATA lugie o/ - o/ V,bL X6

AN AN ol e ; ooy VL X7

NFY ARAY Lugie LIRS ool - \,bG X8

R R ol R - R Y LG X9

LIATA AT lhugis o/ - o/ Y ,bU X10

LIATA LIATA lugie o/ - o/ Y ,bU X11

b Y ontl ofee ol - IV N X12

VEE OVEE Lagie efeeY e ; JRCICN X13

NIYe NEF g RN IR - JpmaS 55l X14

VA AD Lagie 0 -0 ; JRCINCIN X15

VEY VY bege /e ol - IV SN X16

Ny Ny omb cSYAFA -[-YA¥R - \ e X17

</OY0 NN YL RN QRN - Ve Cend X18

o OFY SR b deebe feee - Ve X19

N0 N0 Lsgio A - e Voo X20

- I7FY - I7FY YL < IYAQAY <IYADAY - V el X21

</VFY <\ YFY lugie LRI - LY RRIN Vel X22

AN AN oml CIAYPEY  AYYEY - Y o X23

<IYAD <IYAD Lugio ATZZN NEEAN - Y oS X24

g g Lo R oY - Y oo X25

cfe- clfe- Yb ARERI4 DARERTS - Y el X26

<IYY - AR lugie +/+9-39 </+4+44 - Y oy Cond X27

YA - - - - - - oefile

cain 5l Sy ol @S ¥ Jgaz o abl e adilg )
alox 5l by ) die) 4 dz g5 b o Slos oauno S0 42518
S5l pl Lol yon (50 ;0 L (50,5 ¢ paneis) ylby g4l
&..OJLbﬁ)J) LSALQO ‘_gb.’ HEPD9 HEPA)—)QLQ.Q 9 OMJ)‘»

‘PW/OD ).nbl.d.n OMDQL&J o ¥ Jj..\? Ll ool dj‘)‘
sar Jeixl g (Kisls wlow HEPy 3 HEPp Py jop

WAA b ¥ oylad oF 050 «(51ad y> ol swoides aloxo

5 cin L) LU oo els baysil ] ol ol bl Slkes oy

Jbo G L) Ham S 98l SO ()5 Al Jlo )l
(5,8 aile Jlo Jlez g cuta L) (pomns 90 9 (s, aiole

S lpeabades U551 o, 5l ol cnlg 5 g cnllsg aiog
sanlive a5 sbilan cawl oad ahl Y Jgaz o Jéli

[ R


http://dx.doi.org/10.52547/johe.6.3.34
https://johe.umsha.ac.ir/article-1-496-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

[ DOI: 10.52547/johe.6.3.34 ]

ol g g3l e 15 a0

S oldas 1o Jld Jis sloog )5 50 ol Slusl sla>
aS by ST S elwly casl oads @311 Y JSCS 5o 50
590 Jleiml Bl 4y cigd o plosl 1,50 Sldes > 0
S8 e Slaiyls S Je8 LB s o Sl gl
Qieog 5 YV ) iy cata s il slas Lz
i i Sl 51 WL 1)K Slelas 53 ool
wanils o8 s G Sldes o a5 oo gl Gl jo S
s sl (G5 Sy 28l 0 Al e 10) ¥ e

B dalllas 5550 &8 i o Sludl glas 595 Jleiol

Slbes o il 5l Sope slp ol Sl sl
L5.‘>l.~.¢3| sla> JLo.';.>| polie 4 azei b ..wasn b_iljiﬁ,
Sldes o LgSLmJl s> JLo.':.>l polie u,..i,L.,o 03 du o
O%)XYLQ ‘@L‘;_; sl » %! Cewdds VYA Jolso ‘5,1)5*1
abbogy; a4 by ol Sl glbs 5 Jlixl jlade
Sas gm 3l o M jlad alS sl sl et oo ,SL"
59 ul).».:..u J)‘;.;S" P "419J b o Kl JLaJ\" u’:.lUéjﬁ)'
Sleea Mol w8 1E slitel 3,50 B a5 Sogs
i sl L% Slles 1o Gyllig s oo lpebl L
Sl glaz 590 Jletol polie (S sl)ls &5 555k
BN ‘) @LQ) @Lm)‘ LsUa:- 39 JLW‘ ).’OLD.A \ Jiw .J.Soy.

—
<t
[ee)
S
N
<
[{e]
C)I [{e]
o S
o
n
=
n
[e0)
0] [oe] N
8 8 o N S
o o < @ pA
s 3 sz 3%i3g 2z ||
- S 5 ° 4 © 2 o o o S § 5 S o
oS 8 3 S ] S 8
| S S S = I 2
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10X11X12X13X14X15X16X17X18X19X20X21X22X23X24X25X26X27

S5 Oldas g 5 les jo Sl glas Jloxal anslis 1) K

Y e Cand

Vb

0.42

V Cpem S

0.268

0.140

v LG
0.124

2300 05 5551l

0.137

asdllas 0,90 318 JUiml o850 S50 Oldes jo b slo,gilul jo Sludl Gllas 9, OYlaix| Sl oY S

1

IVAA 5l ¥ oylols oF 090 (slad yo Coblogy (owiigeo aloxo


http://dx.doi.org/10.52547/johe.6.3.34
https://johe.umsha.ac.ir/article-1-496-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

[ DOI: 10.52547/j0he.6.3.34 ]

Sl oldoe yo Slusl glas

S Ll p8 51 (L2 el l a5 09 (S8 Sldee 5 Ll
oa125JSh (gla,giS L Sl (B p ol 5 conlinl g 15w 2l

OSes 5 6Kk Lawgs oS (glaslllas yo Liwly cnl 5o
Coio S 5o glail gl b5l jskaieay YoNF Ll (o
Wl plnl HI jezme i b BLI)1 0 Glpl jo ey iy
ool o ol glas Jlis! Sile & wiols ot gl
Jleizl aslllas cpl jo cpuiores Al o o /VY Joles e
5 kel 0" 5 Mieme slael" aulbg s e Ll (sl
A 035 (e <[00 Jolae "z Lk 5l ey Sezme Sl
Sl ol magh o W3S S5 a5 jebilea [IY]
25 L e ol 45 051 INVA Jobee Sl (gllas Jlaz>|
S ol ol 5ol; B o Ses 5 (6 Siler axllas
gl amgts o g anlllae o 90 oo 4 gl 51 56 Wl e
Al Cano g0 o Jle gl gilpl @i g (6,8 Ll yo
Ealby sy Gl slas Jlaxl jol> adlllas )3 (rizren
bl 5 om e JUad 5 jltel anl 5 "jeme sladl”
b syoline Cglis a5 A 085 Cyeass NVO) Jolao "
s 4y wlgi o glis ) el o) Sas g (5 pSilg anlllae
@Y Hlad pla SIS olles 0 v92se YL sl
Wyl L s 50 Ko oV ey eyl Lt o o318
397 B3 eizmen 9 Sliad 9 bayglnl b o5 3565 0 Sl
B @ gldesdligins s b SIS Slles o lxall
abb Sldes jo caias

2 Ohler g sloge lawgs oS glaslllas ;5 e cnl o
b sl )by adgs )gil55 So b bl YAV Jle
Jlai! Siles s bl 1yl 50 SPAR-H s, 5l solic
Ae adllae pl jo fuizmed el Cawsds <YY e Jolae Uas
VE 5 20y oyl 51 oYU s sl (sllsg 5 5l ooy
S | lis el cpl a8 axiils Sauzms gl 5o,
O+ sga adllae ol o ccplpogdle ols eS8 g0 ol (YL
hlo ao 0 VY 5 s Josdljgws lyls casllg g 3l oo o
ol 3 Sl gadgn nl o Wdg Chand (SeagisS | bl
@5 %08 som 5 D] sl Slsl sllas 590 2 55516 g
wiliee (S 5 el G (Kerod Wibe ol addllas
9 Joallgiws ( Ll slaz 59 Jlexal Lol (bYs 5l (S
3 kgt allhn s L o Gl hand SangisS| Lol
Syl callas o) Kon

Slas mlo sl SPAR-H oy, S0l @ a5 L
pae Likgh opl odes Zudgaste (el oalds oole S
9y onl 3l eogy aslllas 550 Sldee b by, (ol Jol5 Gollas
O leaSis 5l oolanul b (o1 oladllas (o 098 oo slganiny

5 P9y O et ol am S jo g iy SVl

IFAA 5l ¥ ojlods f 0590 (glad o Clilagy (owdiieo adxo

oS loolagg, (Sl S g creats Bs byl aslllas

Sldas o bl sl 55, Yozl anni b ol yas
P9y Silwesky Gk 5l B Jsh o858 Sy S
5 b all (SPAR-H) bl glallas Sy, (55T,
Ol 59288 80 (ol pealades oS g 525 (ol Al 5
P aiebon; YV g (Lol aiilsy cdn cggame 0 o)
ezl (ySileo a5 winls i gl iz ,8 15 axlllas o 90
wils MIA Jobee LS olles jo bl glhs
Ol sl Gmsl b oselil” akbeyn; nlpesdle
OV lyeds s bl ¥ e gl pl angs a5 jLad
Eldas iyl 5 om0 (IAFY) Sl gllas Jlaz>| loie
1y B L olaj 51 (o8 ol cnl o35 padeine 1,5
by Sl G 50 Gyl wad gl iy JooSS
ored 3 dend Joalljgiws dangie (Sazm sl 8
Sl (Soe a2 ool dloe (SongisS )| s Luld
Ded SN Sus Sudy o @bl Lad Sl 4 e
Bl o5 b v jo jlad el Y aS il ax g8 Wil
SrSsle Sugi eanS il ;e 50 (S)h) ceasd 5L 0gh
3 g Slin byglpl Com 4 SISy S 008
ORlBl Gl S s 00,5 Ak sol> Ghegh
Jlil g 4, +FFY Jobes bl sl Jlozsl " Lt
Ol Dy e ST cpl S8 0y plaisl ogx 4 |y Uas 59
Lol lade wilgs oo (Jlgie aielogpy 99 (Kiwnaly &5
alS oy a5 Line opl 4 ams Gigldl |, bl sl
Flgte by o (Sly ol 0¥ Sl slas Jloo]
rlpogde il als Jlad slo g3l pl olaas (al33l 550
ez SHIS 5 Sy 28l s jae S Sy ks "
slas Jlaml polie oy Sl glas Jlox! 4,
oy oI5 Sl sllas Jlazsl b 1Sy Slidas 4o bl
Ll pd o iwd 5o Gand Jaadlygiws ol oyl e
ol Jelse sy o5 i b (Sl 5 hond (Siosist )l
by cnl ST Y Sl sl Jla> jlade 590
bl crge ol (San Las pl e0gid plnil (i ys
SRyl 5o 90,5 gl pl Ceas @ SIS Sy Gui by
b Gl aibyn; o Mhae o ! dinby ;) ol
S A sg ((OVD) arg bl bl glbs Jluisl lade
9 s ) s Joalljgiws 5 by o ol (Sl
2olie nlpogdle aboo (BB (SogisS )l hnd Ll o
B ey b il o Sl glas oz
8590 3 Lawgie ey drnlna” M5 L2 e elil
ssbiieds ()3 g g b gl M Sogs jeee sl Lo
slodlly 5 Ay bgls oS 5 "dy b aldss
slas Lozl Sk 51 V6" 1,50 Sllas 5l onile B

\al


http://dx.doi.org/10.52547/johe.6.3.34
https://johe.umsha.ac.ir/article-1-496-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-20 ]

[ DOI: 10.52547/j0he.6.3.34 ]

ol g g3l e 15 a0

b e Lulpd gogeilue dog] (Soms 2als jslaieas
Pl IS el Wil se 4SS (S50 5 (SRS L ]
5 Jloy)l ool (gjlopsmleg! wms Lials Lagll
byl ! (o 2550 Olime 28 sl (SR Sy 2L )0
sloygd Ubigel GilBl g 1K wlles ;o laanld (nl b

Syl sleygll sl

1308 g S
(sditen 25 (b5 asbipbl 5 (o5 pol dllia
Jbo 53 e (o3 psle olRiils 10 Cgae (lad > Cullage
Gsls 5 Sliio hsles o Colem b a5 wily oo VYAS
Aol A8 A= QB+ 8 oo )los L e Sy psle oSl

359 prome Siglae nl ) Gl Rangh alewginay ool ot
JeoSS 0 &5 GlayS g Glaen S JUl eS8 Glaae)lS
S5l Jodeo |y @Y 285 5 03g0d (5 S laaeliinn 5y

aisled o (Slo,08 4

REFERENCES
1

Restrepo CE, Simonoff JS, Zimmerman R. Causes, cost
consequences, and risk implications of accidents in US
hazardous liquid pipeline infrastructure. Int J Crit Infrastruct
Protect. 2009;2(1-2):38-50. DOI: 10.1016/j.ijcip.2008.09.001

2. Reason J. A cognitive engineering perspective on
maintenance errors. Cognitive engineering in the aviation
domain. Routledge: Taylor & Francis; 2000. P. 309-25.

3. Ramirez-Camacho JG, Carbone F, Pastor E, Bubbico R,
Casal J. Assessing the consequences of pipeline accidents to
support land-use planning. Saf Sci. 2017;97:34-42. DOI:
10.1016/j.55€i.2016.01.021

4. Vats S. Health monitoring of new and aging pipelines-
development and application of instrumented pigs. Adv
Materials Res. 2012;433:6121-7. DOI: 10.4028/wwuwv.scientific.
net/AMR.433-440.6121

5. Aliabadi MM, Esmaeili R, Mohammadfam |, Ashrafi M.
Human reliability analysis (HRA) using standardized plant
analysis risk-human (SPAR-H) and bayesian network (BN)
for pipeline inspection gauges (PIG) operation: a case study
in a gas transmission plant. Health Scope. 2019;8(3):e87148.
DOI: 10.5812/jhealthscope.87148

6. Blast at Topak recipient injures two workers in Fars province.
Taadol Newspaper. Available at: URL: http://www.taadolnews
paper.ir; 2016.

7. Two killed in accident at GAIL's pipeline in Telangana. New
Delhi: The Economic Times; 2015.

8. Weber M, Arnrich S, Wilk E, Lessig R. Death by a cleaning
pig--an unusual accident at work. Arch Kriminol. 2004;
214(3-4):77-84. PMID: 15553280

9. Fatal incident stresses importance of eliminating human error
on pigging operations. Amersham: A Halma Company; 2013.

10. Akyuz E, Celik M. A hybrid human error probability
determination approach: the case of cargo loading operation
in oil/chemical tanker ship. J Loss Prev Proc Indust.
2016;43:424-31. DOI: 10.1016/j.jlp.2016.06.020

11. Bubbico R, Carbone F, Ramirez-Camacho JG, Pastor E,

fY

Sgd ablie ways (I b addllas 5,50 Crio

S 25 4%
2 I Ll 3 Jp3 b b SPARH s,
0 )8 Gkl e Sldes sla oLl 5o Ll s Slee
20 oo a3l s Sloc oains S5 ol 551 51 S8 LB olass
&y e g ool ol G g awils Lol (50,5 by, ol
Sl glas G9n Jliol anlbre jshaedy laass
Gy oS Loy, S SPAR-H (plpegdle ol o

Ll Ll o Sloe b g o alyas alS jglateds o pae
blidl 51 (S ol adlas 5l ol s bl
Slles jo Sl las 55 Jlaiz! gials gl @l Sy
Gilwoslel 5l aiiin Oile a5 ogd e Slprins S50
by sl Sy g Seolal Glaay), o o fasdl)gims
Sl gy 4 oz albsyn) i unadlb

Casal J. Conditional probabilities of post-release events for
hazardous materials pipelines. Proc Saf Environ Protect.
2016;104:95-110. DOI: 10.1016/j.psep.2016.08.011

12. Guntu KR, Al-Kandari AR, Al-Hajeri N. Safety Controls in
process operations-gathering centers (GC) & booster stations
(BS). SPE Middle East Oil & Gas Show and Conference,
Manama, Bahrain; 2015. DOI: 10.2118/172699-MS

13. Jahangiri M, Hoboubi N, Rostamabadi A, Keshavarzi S,
Hosseini AA. Human error analysis in a permit to work
system: a case study in a chemical plant. Saf Health Work.
2016;7(1):6-11. PMID: 27014485 DOI: 10.1016/j.shaw.
2015.06.002

14. Gould KS, Ringstad AJ, van de Merwe K. Human reliability
analysis in major accident risk analyses in the Norwegian
petroleum industry. Proc Hum Factors Ergon Soc Ann Meet.
2012;56(1):2016-20. DOI: 10.1177/1071181312561421

15. van de Merwe K, @ie S, Gould K. The application of the
SPAR-H method in managed-pressure drilling operations.
Proc Hum Factors Ergon Soc Ann Meet. 2012;56(1):2021-5.
DOI: 10.1177/1071181312561422

16. Whaley AM, Kelly DL, Boring RL, Galyean WJ. SPAR-H
step-by-step guidance. New York: Idaho National Laboratory
(INL); 2012.

17. Gertman D, Blackman H, Marble J, Byers J, Smith C. The
SPAR-H human reliability analysis method. Columbus: US
Nuclear Regulatory Commission; 2005. P. 230.

18. Blackman HS, Boring RL. Assessing dependency in SPAR-
H: some practical considerations. International Conference
on Applied Human Factors and Ergonomics, Cham,
Switzerland; 2017. DOI: 10.1007/978-3-319-60645-3_2

19. Eyvazlou M, Dadashpour Ahangar A, Rahimi A, Davarpanah
MR, Sayyahi SS, Mohebali M. Human reliability assessment
in a 99Mo/99mTc generator production facility using the
standardized plant analysis risk-human (SPAR-H) technique.
Int J Occup Saf Ergon. 2018;25(2):321-30. PMID: 29227214
DOI: 10.1080/10803548.2017.1415832

IVAA 5l ¥ oylols oF 090 (slad yo Coblogy (owiigeo aloxo


https://www.sciencedirect.com/science/article/pii/S1874548208000127
https://www.sciencedirect.com/science/article/pii/S0925753516000357
https://www.sciencedirect.com/science/article/pii/S0925753516000357
https://www.scientific.net/AMR.433-440.6121
https://www.scientific.net/AMR.433-440.6121
http://jhealthscope.com/en/articles/87148.html
http://www.taadolnewspaper.ir/
http://www.taadolnewspaper.ir/
https://www.ncbi.nlm.nih.gov/pubmed/15553280
https://www.sciencedirect.com/science/article/abs/pii/S0950423016301735
https://www.sciencedirect.com/science/article/pii/S0957582016301641
https://www.onepetro.org/conference-paper/SPE-172699-MS
https://www.ncbi.nlm.nih.gov/pubmed/?term=Human+error+analysis+in+a+permit+to+work+system%3A+a+case+study+in+a+chemical+plant.
https://www.sciencedirect.com/science/article/pii/S2093791115000530
https://www.sciencedirect.com/science/article/pii/S2093791115000530
https://journals.sagepub.com/doi/abs/10.1177/1071181312561421
https://journals.sagepub.com/doi/abs/10.1177/1071181312561422
https://link.springer.com/chapter/10.1007/978-3-319-60645-3_2
https://www.ncbi.nlm.nih.gov/pubmed/?term=Human+reliability+assessment+in+a+99Mo%2F99mTc+generator+production+facility+using+the+standardized+plant+analysis+risk-human+\(SPAR-H\)+technique
https://www.tandfonline.com/doi/abs/10.1080/10803548.2017.1415832?journalCode=tose20
http://dx.doi.org/10.52547/johe.6.3.34
https://johe.umsha.ac.ir/article-1-496-en.html
http://www.tcpdf.org

