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ABSTRACT

Introduction: Human factor analysis has been identified as the most common cause of accidents in natural
gas transportation and distribution facilities. The occurrence of accidents at these systems, especially
gas reduction stations located in residential and industrial areas, has had catastrophic consequences.
Therefore, this study aimed at analyzing critical tasks and human error assessment using the system for
predictive error analysis and reduction (SPEAR) method and providing the appropriate framework for
error management in the operation and maintenance of city gate stations.

Material and Methods: This descriptive cross-sectional study was conducted using the SPEAR framework
and safety critical task analysis guideline to evaluate errors in gas pressure reduction stations. First, critical
tasks were screened and evaluated, followed by performing task analysis by the hierarchical task analysis
and detecting performance-influencing factors (PIF). Then, human errors were predicted and assessed
based on the predictive human error analysis. Finally, error management was developed at three process,
equipment, and training improvement levels.

Results: In general, out of 23 operations and 164 sub-tasks, 12 critical tasks were identified based on
the results. Criticality level percentages were about 67% high risk, 25% moderate, and 8% low risk. In
addition, 134 errors were identified which were mostly related to action (42.53%) and checking (39.55%)
errors, respectively. Eventually, communication, retrieval, and selection errors were 8.96, 5.22, and 3.74%,
respectively.

Conclusion: The results revealed that action and checking errors had the highest percentages. This
method can be applied to appropriate the systems approach to error reduction using the PIF assessment
output. The privilege affecting factors include preparing standard operation procedures, implementing a
comprehensive training program, and controlling environmental hazards.
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1. INTRODUCTION

Based on the safety performance reports on
International Oil and Gas Producers, human errors
play a major role in accidents. The occurrence
of accidents at natural gas distribution systems
(NDS), especially gas pressure reduction stations
located in residential and industrial areas, has
had catastrophic consequences. Considering that
the nature of tasks in the natural gas stations is
accompanied by maintenance and inspection, the
probability of errors and accidents is high in city
gas stations. Accordingly, the probability of errors
and accidents is high. Analyses related to the NDS
accidents can approve this issue. Therefore, this
study sought to analyze critical tasks and human
error assessment using the system for predictive
error analysis and reduction (SPEAR) method
and provide an appropriate framework for error
management in the operation and maintenance
of city gate stations. To the best of our knowledge,
this study is one of the few human error evaluation
studies in natural gas pressure reduction stations in
Iran.

2. MATERIAL AND METHODS

This study was performed using the SPEAR
framework and safety critical task analysis (SCTA)
guideline to investigate errors in gas pressure
reduction stations. SPEAR has important features
such as being applicable to natural gas distribution
activities and having a systematic framework
to integrate into safety risks assessment. Most
studies on human failure have focused on the

symptoms of human errors rather than underlying
causes. This descriptive cross-sectional study
was conducted in three stages. Critical tasks were
screened and evaluated in the first step. Next,
tasks were analyzed using the hierarchical task
analysis, and performance-influencing factors
(PIF) were detected as well. Subsequently, human
errors were predicted and assessed, and finally,
error management was developed at three levels of
process, equipment, and training improvement.

3. RESULTS AND DISCUSSION

Overall, out of 23 operations and 164 sub-
tasks, 12 critical tasks were identified, the details
of which are presented in Table 1. The results of
SCTA demonstrated that 67, 25, and 8% had a
high, moderate, and low potential for accidents,
respectively. Critical tasks included replacing filter
elements, starting up the filtration process, injecting
odorant into the tank, starting up the pressure
reduction process, inspecting joints, valves, sensing
line, examining the fuel supply system of the heater,
and maintaining safety devices.

Subsequently, different PIFs were identified
(Fig 1), including wrong assumption risk and poor
system feedback (17.2%), harmful environmental
conditions (15.6%), insufficient or unpractical
instructions and procedures (12.5%), and lack of
skill and awareness (10.9%) problems to diagnosing
faults (9.4%). In addition, the other factors were
workload and stress (7.8%), defective equipment
process (7.8%), lack of communication and team
working (6.3%), deficiency in display (4.7%),

Table 1: Safety Critical Task Analysis

Task Hazards/failures
Replacing filter el t
o ?r € efnen Gas leakage, impurities
and start-up filtration

process

such as iron sulfide

Inject odorant

Mercaptan leak, tank burst
(Mercaptan) into the tank P ankburs

Start-up pressure Lack of proper air

reduction process evacuation
Inspection of Joints,
. ) Sensing line dislocations,
valves, sensing line and

et. gas leaks
Inspection of the fuel

supply system heater Gas lack
section

Lack of performance in gas
Maintenance of safety P &

X evacuation, lack of
device

performance in gas shut-off
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consequences Task criticalindex  Criticality level ‘
Fire
ball/Environmental 25 High
pollution
Explosion- exposure 25 High
to Mercaptan
Explosion 20 High
Explosion -injury 16 High
High
Explosion 16
Fire- Explosion 12 Medium
931




R. Fooladi et al. / Human Error Assessment in City Gate Stations of Isfahan Natural Gas Company...

Table 2: Human Error Analysis in CGS process
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Operator does not check the Control of gas pressure and temperature

I tion of
nsp.ec lon o 4 11 1 1 0 17 values, delay the check , Do not open the full inlet valve,open the wrong
filtration process .
valve, do not checking leakage/report leakage and etc.
. Operator wrong checking devices control such as: the gas flow meter/
Inspection of
ressure 4 4 0 2 0 10 pressure and temperature gauge/ DP gage. Do not report Fault Data, do
o . A not Check the lock-up of the regulator , check for leakage through isolation
regulation section
valve
Inspection of 4 6 0 3 o 3 Operator does not check the fuel system, control the flame system
heater section performance test, unsafe start up
Maintenance Operator wrong handling odorant barrels, Incorrect connect of odorant
&Inspection of 10 7 1 2 2 22 loader, do not check the function of odorant loader and control box, do
odorant section not adjust the regulator pressure
Checking leakage Do not checking based on scheme, Ignore in Leak Investigation Hazardous
and sensing line 4 4 1 1 0 10 Area Classification ,don’t report and Informing the shift operator to the
function maintenance unit, wrong leakage process
Replace the Do not check condition of element and clean/change, error closing the
element filter 10 7 1 1 1 20 inlet and outlet valve, do not use water in the filter; do not drain the gas
separator pressure from the filter, incorrect closing filter door and safety lock
Replace the Dry . 4 1 1 1 14 Ignore Open the valve under the filter and drain the gas, incorrect close the
Filter element filter, incorrect closing safety lock
checking regulator a 3 t i " 9 Don’t right Pressure adjustment, Do not inspect, Choose the wrong
function method in balancing the station pressure
Maintain and
inspect the safety 5 4 0 0 0 9 Don’t Check the set point of the relief valve, safety valve
valves
Maintenance of 5 2 , " . 0 improper sensing line installation , do not report fault Data, use inadequate
the sensing line support, The incorrect position of sensing line in the pipe
Sum of the errors 57 53 7 12 5 134
Workload & Stress T 7.8

Lack of Communication and Teamworking ==————————=m 6.3
— N VK

Unsuitable PPE === 1.6
e |
Defective equipment process o 7.8
= 3]
Problem to diagnosing fault === 9.4
— Y
Inadequate procedures &instructions EEEEEEEEEEEETE———"—) 12.5

00 20 40 60 80 100 12.0 140 160 18.0 20.0

@ Frequency of Performance-Influencing Factors

Fig. 1: Frequency of Performance-Influencing Factors
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improper safety devices and defective equipment
(3.1%), and final factor unsuitable personal
protective equipment (1.6%). The performance will
be optimal, and error likelihood will be minimized
when error-inducing conditions relevant to a
particular situation are optimal.

In comparison, according to the International
Association of Oil and Gas Producers, safety
performance indicators about high potential events
(2011 & 2020) in natural gas distribution were
assigned based on the number of reported causal
factors. These indicators included inadequate
hazard identification or risk assessment, poor
work standards/procedures, lack of training, poor
communication, improper use of tools, failure
to warn of hazards, and inadequate use of safety
systems.

In the next stage, 134 errors were identified
(Table 2) which were mainly associated with action
errors (42.53%) and checking errors (39.55%),
respectively. ~ Furthermore, = communication,
retrieval, and selection errors were the other errors
with 8.96, 5.22, and 3.74%, respectively.

It is recommended that future studies
implement this method in other important gas
industry facilities. One of the most advantages of

Journal of Health and Safety at Work 2023; 12(4)

this method is that it integrates human errors into
the quantitative risk assessment process. However,
it has some limitations. It does not take into account
cognitive aspects in evaluating errors. Further, the
evaluations rely on analyzer skills, and it is better
to do it as teamwork similar to the hazard and
operability method

4. CONCLUSIONS

The results of this research revealed that
the highest percentages belonged to action and
checking errors. This technique can be employed
for appropriating the systems approach to error
reduction by the PIF assessment output. The
privilege affecting factors include preparing
standard operation procedures, implementing a
comprehensive training program, and controlling
environmental hazards. In addition, these errors
can be reduced and managed to an acceptable
extent by using the three-level methods of process,
training, and equipment.

5. ACKNOWLEDGMENT

The authors fully appreciate the participants
of this study, especially the risk management
teamwork of the National Iranian Gas Company.

933




qIEV-qWo Oiladn 11€e) lms) /€ a)laid /1P sla

SPEAR gy & ylgdo! Hlw! 35

" gobl > ey S Glog) Gyl o J gl Jole ' can S e oY b Al g,
IRl ol (Ols (S pole oRiils coiilagy caSiiils «glad o cblagy gwiige 09,5 \
Olpl gz ( Il Glul 3 Sy psle olKiils woilagy 0aSiails slad,> Ciblogy wdige 09,5 "

VE /- O/VF s g b DF NP 8l fu b

oxs =

Dopglma o 4 5 s ol slaelSiun] ehats omebs S @iss 5 JUil Sy 0 ols> 55 doniio
Eolso 5T 35 oliol s sl 42l o3l glo Lo 5 lidarls (gulyy bl co aks g g Bolio
aallas nl egycnlil ol oud (a5 @598 9 JU prtnns 53 3152 (slata ) Jle 5l Sl sl 256
bl 315728 5 (65 315 )L s sloelSinsl () 050 09,5 ol i)l 5 Gl ciallsy 5 JUT Bua
2,5 pldl (g

clainl, 5 SPEAR b, 3l oolizasl b lallas Siloummms oly5,) ¢ onbaion sinogs aslllas oyl 10 5 b,
al>yo 5o g plowl Gl by 2l s LS dal jo .83 el JLad Jolas sleelliwy] )0 SCTA
0yl 0929 &y Ll g e HTA g, b (o g i poalinds 50T SPEAR (g, B o (gomy
Slslgiing 5 o lSal, Lales 5 o)) PHEA (s, slive jr lallas sy alyo 5 yo,F llis lallas
20,5 )l (Bisel 5 (i ¢ ol gins o] gl s o lalbas g o

Weosd ploled aielsy 5 VFF 5 (ol adeloy YT ggazs 5l oS ols plas anlllae cnl 5l Jol> gl ila axdly
Ao A g lawgin Coglyl oy YO wolsm 435 (ol Y sty (gl)ls 0o j0 £Y sgas aiily o Sl o0 aalsg
YD) 60, Shas clallas a4y gy po lallas- oy 2y o dicds Lol Uas VY yimas izl cyaaly sl
S OIYY MNAF o 5 4y Sl g oLk «ledlbsl Jols slallas .04y (ao 0 YA/OB) (s3u03L slallas g (ao )0
izl |y lghs sy VIV

Lols bl mbs Gelel 5 aisg g3l g (69, Slas glallaz g5 5 Jlgl)d o ys g it 16 pS doeus
G Jordlygiws ags B 3l ool o in slallas g43 b sl slo Sal) 5l g oo Uas oaisSslon]
S ke (8l 69l B sl ali @3 g Sl <l e dasore 5510l lge J 58 (yeie s igel asli o i

2,5 oolaiul ballas wiedan

Cirlliy ol SPEAR Uas L2olS 5 iy ooy Solaiuocos g, il sllas 5 ) 15305 OoLolS =
)w‘j@‘a@/‘scm ‘fé.;u

a_karimi@sina. tums.ac.ir a3l Johus sdim g (Scig pS| Sy
1161 pBs) /1€ o)laids /1P sda )15 (il § Cublagy asllnd

)5 oyl g Culbblagy aslilins

S g Ll Julii slarolsiust (5 19 0 30 09 55 Sl sl b )41 o Wb

qwic



v 5)1300)83 50)3 (3] (slalba (L)) § (2Ll

o9y s FMEA (g, 5l ool b g0 Jlid ol
S 5|5 s g98g Jloasl (28,5 plowl FTA
5 ol glallas 5 NY Slasl Jlse /0T Lo oY
Slasdlas j0 () wisgy </+8 ¢ < IVY iy a4 (Sl
&5 4 g1y obilg il bawg VoV F Jlo ,o ajlice
o5 Sy bl Oy b aS Ll j5iST el 58
oS, b)) caa lalhs g8y (i il bl
Lol Jled b 55 @395 pitms (o209 692
lalas alS sl le)Sal) rizres ot anloe
&l ol 3l oolainl wile Slyues syl Jud 5l
30 e p g bjlaze 5l colatwl § T3 Silegsl
Sl erSsde cuz dgd bl SLbI 5 Sl s,
(D) a5 &l g la> > slalls
2 kel Yo 5l (S sl slas aS o)
W algo S @595 9 JUD s )3 Solg> 59
wllise gygre pl So Gladl Glo sy o
Ol o olg g8y (Vb ey 4 azg b cnlpl
Slebl ol sl o] 51 ool laasly g Cano
Silwomml slbwly o a4 Sl 4> LS
ol e (AVY) ol Gletg Candl piiasw (pl o
bocwlie bl Ghey Bl 0805, (e
s 5 Sl Glallas S, 5 JUT slesl o S,
Sy o5 il Jed 5l Gl lasn; S5))
L8 90 (fgazme ;0 (VTNT) wo 5 s (QRA)
pleol ol 5 wT)d 5 b gy sl Jolis (ol
Sl gz el Gl b)) sileaz LSS 5
wile by S5y (Fpaazg bab ad)F L s )
CoblB g foalad pae o isy liel Fop S ool

2 Automatic Block Valves

3 Applicability

4 Validity

5 Uncertainty

6 Availability

7 Technique for Human Error Rate Prediction (THERP)

qwo

dodde =
Ol @LBdS ans g0 [0 woles Ll wlal
b 5 @i 9 JUS a5 Sl slalla>
s 5l ol (1) sl 4l (ol args BB ol
YOV Jlo 5 onsb 55 Wyl bglas lniil wiol>
Cole il 5 (7)) ez )90S5 Goemigm o3 o
2 Gl )eES 0 Gng e (S 0 55 &y
olawi ol e g ALLS 4 yoxie VoIV pelus VY
08 S ¥ g oal (gole poje g ol I g0l
() cals Js a ) g ksl kl s sl § 58
Merrimack Valley ,o jlxiil g sjgm 23T (pion
YA sl 1Y o 1 o] somzacsVl] Casgzlole
gy D S e e 08 5l e sl JE (el el
c s e i hrs NTSB ol losl 5,155
Gols Jle | b cind 5 Slles jo bl (gllas
ol 5T ST s mimen (F) WS (e
5 ol Jle 5l Sl glbs ) 55 5 i Cario
L dols 4 Glgie o5 ale ol slads,
CGS oZiws! ol «(0) VWA Jlo o ud o &gl
CGS ofi! dol> 9 WY Jlo ,0 ppd digew
(7)) el o,lal YWAP poye,8 j0 Glawes lx,eS
sl 8 JU! s St oo 51 S
loanl b el il o 55 las i cleelSi|
0duS logs oole o938l g 315 JLid alS wile cege
Sy plle 098 s ploxl ol cnl jo (B
50 60gamme Olllas oo ol jo Eols> £485 YL
Olnly9a8 )0 55 JLad L& leolS! sial o gas
lgie o glasllas FVF o o sl 0ad plox
Slooll goanld Soly slady, Judodsa s
Jelod GloSeaSS leolisal b (o0 55 JLad Ll
Sy oy bawg Somb Sl 5 g0 Shee Dl
500 anllas Y VF Lo, (V) ad el ]S
SloolSi) ol Sy, eyt lyie o

1 National Transportation Safety Board

1161 plams) /1€ a)Laid /1P sla 15 ilas) § Cublagy aslibod



G0 g 2Ll

il By
SCTA

\

las als g 4l G 50T (6l (codummms 5595

ohEaa g (sslgd ) ag)

(SPEAR)
1-) \-Y \-v \-f ‘-0
o5 1y0 dlakis ib3,! sl Lulpd ek blas &by iy 7IUT ] b g 5 a5,
Gy Llhs ouiygl 092 ¢ Glso » Qoly 301 Blhas o v s
(HTA) (PIF) (PHEA) o

SPEAR s, o1y V S5

luge,98 PVC als )5 aiol> o blas b))
(Y0 o eolawl

S by BTy plulis Sua by Gragh 0l
0alS gl oSl @l ) g Slusl glas b5l e cie
095 ;0 b B Jlis e slbollin! o Uas
285 ol g i I 25,5 5 s

Moty =
slaths oLl (orhio oy anllae ol o
ey bt 5B Ll slaclinl Sl
Jole llas il cillsg 5JUT slasal, s SPEAR
Gy s 5 5, iz o 5 el | IS
SPEAR (5, B ;5 gan al> 50 y0 5 plowil Sl
s HTA® (35, L Gl iy il poalades 5 JUT
2008 plolid 3 Sles » S5e (6lo)9i1 s
5 byl PHEA® (i) slis p lalbas wm al> e
b aw jo ballas o yyom Slolgainy 5 b S, Lol
205 il (LBigel g (Sl o leallygims ol
Sl b gluaz bSe <l (s, cnl eiaes
Olis ¥ lasls 5 a8 ol 1) olisel culls b,

el 00l salo

5 Hierarchical Task Analysis
6 Predictive Human Error Analysis

11C0) olus) /1€ a)laids /1P sla )5 (ies) g Cublagy aslilod

as 'SCTA 4 "SPEAR /THEA SHERPA
sy e (AN T) wd azslsyy Wil e Sgase
@l (b)) peie L3l S obml sl SPEAR
ol o bl Sbs)l slp o e mbio o Sl
ool bl ol Sy g8 S bl aslllas
by SHERP ig; aile il sloaie b aie
oSl (28,5l )3 g 0 ,Shes p S5 slaySe
bl 51 500 (o peizmen dlise ol 5 (e
S B b Sl g0 lelgs eolatuwl cate (] g8
Jolis a5 sl o lallas &g o g Bd> (gl 2S5 g
aw o )Kal) &)l g ballas causSolol bal i o i
S Sy plo Lol balad go ot 5l G gelan
So b Sl gl b)) s lolid Jols (3s, 0l
Foo GloysS bl cepllas g aidl lojl 50,
@ ol Olllae bl by o lp o Slee
3 bt ol B L cwlin ( gludl sla 51
s glgil 51 23U sladsly s G5 5 cid mlo
il 5 (ol w9 4l Koy Sloleriey @)l
Y-Vf Jl ;0 SPEAR g, .(0%) aib oo ballas
@loled Coz Gl 5,50 S ) 9 byl 52l Lass

1 Systematic Human Error Reduction and Prediction Approach
2 Technique for Human Error Assessment

3 System for Predictive Error Analysis and Reduction

4 Safety Critical Task Analysis

qwy



v 5)1300)83 50)3 (3] (slalba (L)) § (2Ll

9 lobd
| by S
iy

SPEAR [ .
] ey el
il

:

Yol (g &)
s olwg)) jg 5

:

sblhas gilo o5

5 Jals g3l

A

PO W

}

L silwaz,bsy

slbs b3k
Sl 1

Copde g by

—euld gbls
& e

&l i

Sl slallas

okl

o g (Sl liabsl Sl ax LSS bl Soslatincen g, JlSle o jlagls Y S

23 (5 slanz )5l pl b amlas
Sl by 6,50 ,8 § o lwlids: gl al> yo
@yllby olulid cqz ol ddw (U350 g
L..La_'" (5La:ol.iw/" "‘ &0159 s locime N LS")”U
FMEA HAZOP ) clalllas 5 ols)l55 «Lad

3 09290 slaanld g ol slagtsy, Geizen 4
6 l5en b Sl cnllsg diles ol axsls  baolKiws|

quy

r 9 Snleex 4 5l Gragh el cex

9 S lopose 09,5 i by #p8 Jels Sl
Solgm Jdo als 155 lad Ldey o] Ol poss
Sy gy s wls e g bl aslllas g
o] 5 6,10 0 o Slosius 9 S o HAZOP
(SIS g slopos cas Sledbl) Hlad s
Cog &8 )lnl g (LASWg g p anld slapl Sbo
oy b oMbl pl Koy aslllas (635,5 Hlgieay

1161 plams) /1€ a)Laid /1P sla 15 ilas) § Cublagy aslibod



ohBan g (530gd all ag)

Shal bl gyl sanaib ) o

gdise bl 23 b og; b o
9o plnl Bge e Joo
g o plomil oLl gz jo ks g0 Jos
gbee sl p3¥ xSl b eS e
Dgd o el olail Jase
209 o0 plail oLl 43S (g5, p e Jos
g oo plowl o 4L (55, olidl Joe
g e0 hgel 8 s 50 fes aloxil
5o ploxl (A8L jobay Jos
Dy oo plonil oLl a8 (59, oLl Joe
= syl
08U ysboas gy
olndl 43S (55,5 2 ge (o
Tme 4n 35 59 p ol oy
ceslial Gloj 50 (o2
obndl a3 (53, 2 olidl (o2
Sledbl 4y v s pas
ol oledll 4y ls
0236 O jg0ay Sledbl b5
35S 505 O yg0 Dbl Jols
39 oo Jobs olinisl ledl|
Sgdi o plaml (A8l jsboay DMl Jols
il el b |y i
oLl Gl

Gy v 5 dawgie YU mhaw aw o abgie e il
VYY) o
1y des p 550 sloygiS (S5, pgd Al yo
oaSobml la,es plolils glp pgo al>ye o
la,esl bl cad S S wily o s Lalys
Goolg> J‘..;JUT Slasus 3l oolazwl b oo Slae 5 5o
s el slaolSiyl Lyl e g el o
ALy lonose 095 Jn b anlas (st
o b Oz 005 (pgad Sy (2b,l 09,5,
HSE o>y (peaasin | i)+ lawgs o olgioe s,

11€01 9Bans) /1€ s)laids /1P sla (5 (iay) g Cublagy aslilng

s g4
Al
A2
A3
A4
6O S dos sballs
A5
(Action Errors)
A6
A7
A8
A9
Al10
C1
C2
C3 )
Ca oy b il gls
(Checking Errors)
C5
Cé6
R1 b3b slals
R2 < ) S
(Retrieval Errors)
R3
11
bl slalas
12
3 (Communication Errors)
S1 ul.z...vl ‘SLﬁ:Uaé
S2 (Selection Errors)

@bl (S (b)) 095,15 55 Coaro laaste
Sloolaiwl b cayllbg anlal jo .aiods s 25,1 C g
s ool sl (7)) 258 5T (ol alds o,
=l Sl alby b))l slesal, 5l sy Sia
dilsg Col o el ol i eslizul (SCTA)
Gly ol gancodyl by plnl S, (TCD)
b dl Jolos o 15556 50 5| (a5l (ol dplons
sl 1 305 salyy o 5256 5 g b 2zl
ot s 5l e e gl o S eolizul L
ool 1 35 Sy ek by gl solitd o iy

qwA



v 5)1300)83 50)3 (3] (slalba (L)) § (2Ll

5 2bolis PHEA (39, b balbas o al> o 50
Oy 00 o i sl VYE Sl b))
a4 0ol g g0, Sles slallas 4 by o lallaz oloss
Jols slallas slasxs .a5ogs 5,90 OY 5 AV olows ol
el wad slelissse Vo oLk 5 VY Sledlbl
il |y lalas Jlgl 8 oy yieS Uas 0 L Gl
bgire ol 5 63, 8es slallas o3 arciny
w P @ Geeml il woly ()l g peess adibg @
axly by sam slaos, 10 .09 asyo FI/O 4 YF/A
Gy 9 ophesl ey YOV 5 YYA JLis e
s VOIN Y S o, VYIY 5 VYO 015 e
il glolid wo VVFY § Ve g ao 0 \YIY
et it ol Dbl Jols slalls sl
VO 390> yin 5l 6l g ok adiby 4 Loy
L oorbgsl o JLad Jd& 5l ()il adeby 09 0o s
PR RGP SR E PRV | 2 SR PRCP- PSR WSR
e Samdy g (S oy p gl il anl
AYY S g 55l b coll (aiged oS
Sl oot lallas 5 am s a0 s o
3thsol o3l gl et wnld sl il b
bt cadl gl 1ld Coell GAiged (S35 (o)
sy e j5sF, o Slos il 5 a5
Gy ol Glas o is uimen g duo,0 YFIYA
03,5 S G e 82,5 9 55Dl (o)l adelss

e @lby sl ials slo) ),

o =
2 S5 oBws gl bl gy b)) Cueal

o)1 (elotyg Coal Uas e g LalS cla,lSal,
Uas (o fiion Egozme,d calllae ol sloasdly ulul
Glallas 5 (ao s FYIOT) (65,5hos sllas 4y Ly 1o
(a0 ,0 YD) ;o53e sllas 5l o I L sl

qwq

o CVI oy, a3ls s CVR i ls) <o)
00,5 Sldes Cand S (ol e 4 /2 9 ) S S
ghaw 59 50 ganaib Sl )l plull cux
b ol Slogas o )5 Lo (So5d balyd Jols
VT a oolitnl conlials g Lamgie conlin
ol lnd! gl S 56T 2ppgms Al o
(PHEA) U3 ailin i U1 SsSS51 oolazl b

O (gimainds O lul p ballas g9 050l b))
by 9 Geogi @by e slallas 5 (V J592)
OV ) o s ol 5 sl
ool gels gb,Kal, e,ke 4l e
oaSolml sla)gSl @l elel p d>pe Gl
eizan 5 0Skee 5 slaysSle b Uk Lyl
b 4w 0 bl dalas glal o b Gillas

VEF 5 (F 5 ¥V S0 ol aalog VY g0y
SN 5 et w5yl oyt 09,5 lp aiby )
30 0,8 olelis s 35 L Ll sbeolSiiws!
o290 Aaeby 5 ol HTA JJUT wiges S 0 S
Sl 00l oaly ylid mls !

as ol glolis Sl aadeg VY wllby o 5l
Cuglgl do s YO YU Cuglyl slls do s FY squ
by wiog ub Cudddl L oasye A g g
gl yiled daze (gililely g S coll Janges
sl olad B e gllel) (gl e 5255
sl 5 (Y St I 5 g oozl b
Sey s (0 YLy Sl jES g g alad piew
IRVCRIN

5 Sy Sy poe Lol lallas snziSolyl Lyl
o sl i Ll i s 5,555
GRS 50 a9 Ol ColiSpas daJellgis )
sl plaisl ses 4y 1) g o YL lallas

1161 plams) /1€ a)Laid /1P sla 15 ilas) § Cublagy aslibod



id ol ol [ 31l 5 (6109 0 o Cdundd i1

ohBaa g (s3Vgd @l ag)

5 oo cil,31.)
5 5099 )L
2>
N

25 S Y
DP, L

L

[Caddd Wy
Cordy

oS logs

1

s ¥

Carog

Pyl

N\
ANCRTE)

W,
(sS4 8)

b
(5316 2)
L
(5316 8)
b
(5316 2)
Lgie
o 45k
(5,9

Yo

Yo

\Vd

\F

sl ik Y

! !

Wl slayial el ¥

Bl o 5y S Y S sle gy
a‘i‘;.....l‘ Card '5
by w9 g
I I
Er .Y

adeby Codlyon o)l Aiges ¥ Jgor

S35t
iy e Sl

Ol o b agzrlge g ol

Jloxis!

5&6)L<..:." sdol),? ‘cﬁj}“’uu-‘

JLad Gl e Gl Ghgals
i3m0t Sl sm

Sl 5 (55985

11601 oBs) /1€ oylaids /1P sla (5 (ian) g Cublagy aslilns

wbe oo LBl 89> o 315 i
ool aadlgw

O 0 O S 5 OIS e S
s GRaldl g JyuS pas Judo 4 8,5
55 5 len oS 5 Al 10 g lgp a5 pas

G s Y S (K8, 50

oy s @lo)S i dasg

55 s (Sl oS g 8 Slee jo Pl

39 9 Sles pae G5 alss ;0 o Slas pas
55 akad

HTA (g, 0 s 58 jLad s slaoliany! (5 0 0 0 09,5 595100 ciallog ¥ IS

9 kb coall (ges
Ol il suzee (g 3luilely
4 (Ol o) ilygol 5

O

i s iy (gjllel,
laassT,3 51 alis) o)l
s Sl ()3

alad 368 g Gl yodge
SR

Oliaga Slrasd 5 (5,05
!

qice



«e(S)13)30)83 89)3 (3w (slalba (L))l § ¢3Lwbds

o] 31 5 ymad 3 5yl iy g

HLad iy

KU JUICHJUPNS POV 51 ¢

i 0 g (5 30459)) s (tss
JLad Julis

Gy Ol pei 9 (5

P

Gy O e 9 (5P

S o5l w19 Ol pani g (5 ,Me)0

gl iled glo 232399 (0niiS ylog
| I
oo oy ¥
b s 3 ,Shac S gw) p¥ ) 8yShos quy pf ) sy )
oS obs sk o Slos =S o
OySdos guwy )
s
DP jiled ;L S [
| Candg oy pV.Y
LY STowon ) vy
. L s gy 2T Do oY
kb ol g 9251 Y CBls g s i
v | a oy ol
h S ,SJ-M
35S gy V.Y 28V,
| 2$YsS)
31 (B agdzi)Y
% Sl ol ¥ ¥ "y
wypVF :
W‘f,.w 3 ySdos 7~ ey 0 Shos
(G230 I3l (guy ) F
Sazo (gililely 1.0

HTA gy e 55 5La8 Sl sloolSinsl (551655 5 ot 09,5 5550 5] ialliy ¥ U5

2l cillae ciylly
2T Jl o e 5 Jlpd adlae o
b S (sl clles) pliws,S bl 55 8,5
Vo ggemme, il plxil HTE § SHERPA g,
Ot b g0 Ses ol o5 al Hlubs U
sl (hlow 5 (Qoye FF) s g48y w0
Siagk > (0T wad glld bl 5 il
Celled o (hlSes 5 Slal yo awgs 57 K00 ey
BtV (plojes wxly (JoSIge sladlye Lauges
sl PHEA (g, b gsiz (o)l 55 geime 5518
Slol® oy p Bad ol Uas YTV gooome )0 s
s B Ly g0, Shae (gl o5 sl ol lalas

qi|

Lo o lallas -y S aisle olais! ogs as ], 290 00,
Aiog d bl Gl glas 5 SbsL sl 4
Glailely anlyd @ Blee o seS g aoye FVD
50 by duslio ;0 W do, VWYY 5 ¥V e
o ()l g Slend 095 5 (w2950 095
50 ksl lallhs ple 4 Cand (ki (69,5as
R 6&5&95(5)‘°)%°)Q% sl sy ol o Jolio
&Lﬁoli».m.:‘ 3 ASL,;:L?;:T)‘ Oy L;OJS.LQ.C 69.: )| groveN;
Sl b plgs )l comle b cinllg 8 jLad i
9 booad ol sbalas g4y diiin (golasl g

1161 plams) /1€ a)Laid /1P sla 15 ilas) § Cublagy aslibod



ohBaa g (s3Vgd @l ag)

[ERCRERYY
B LA
4" 57955 969979 §L el 55K 51N ‘
9 5SS 4" 7955 359929 SLo e yiann) V.Y ‘
yidd O ppond
M —»‘ O b yils aliixe oé,ﬁi,i\»\»f‘
i H\ 0% 6y 3905 3L b T «g:zm.f\
T el
39y yild —»‘ b callsl 4l g yilid )0 g0 51100 ‘
—»‘ 03 guwy3 9 Uik (5lb el (0 g0 c,u\m‘
4" b 505 ‘Ps%é&‘%ssﬁw‘w‘
4" Ald oy c;-*«-e”»’\‘
—»‘ ,m)lu,y,“uﬂmn‘ \\
‘ ,U’A.Ja:,,.l.d):),.uua;)b\"\"
1Y ‘ ,.Lsu..\:w,,.uua,u)b\l’f‘
el e
S il ‘ ,J.Au,aua,.m,b\rf‘
\ )
‘ s ool o lag i g yoged JU1Y D ‘ SR-W-204,206 Josl st
‘ il caall i g) ¥ § ‘
‘ BUITEROLPVPRVHRVES Y WIRCIwAR B ) ‘
‘ yild 03 i YA ‘
‘ Pl dy Chg el () Y A ‘
‘ b 5y i) YN ‘
‘ ,.u,u.\,..,.).s,.,..ua,u,u\n\‘
—>{ Jm)us;.uu¢|¢)lfw,,4\r\v‘
s ol agas ailsg o HTA 50T g 0 JSi
e celial Ll 15.6

YU 6,5l . 7S
s 3,553b 5 Sn, S0 pac I | 7 D
o, 0 g olbls)l o ek I 6.3
3l SL AT 5 ok I 10.0
bl 9,8 cbli> Llo; M 1.6
olU Sl I 3.1
ol Oligss 0 ek I ] .8
ool Dl ol Consy I 3.1
25 b ofws lallas e o Kol S O -4
bojlate s J58 ool IEEG—— 7
b Joddlygiws 10 0k I 12.5

0.0 20 4.0 6.0 80 10.0 120 140 160 18.0 200

W s oS sl (slo Ll Jlsl 8

blhs sauSolnl Lulys Jlol 3 as o jloses & S

11€01 9Bans) /1€ s)laids /1P sla (5 (iay) g Cublagy aslilng qicp



v 5)1300)83 50)3 (3] (slalba (L)) § (2Ll

wolg> Yo gamdad o ol aily o o Jb
Ol Cpyimiin wuals Wolg> sl sl slallas
slaose g ails bYos plo o ol Jb o)ls
Y Ggelee iy 9 Slan 5 wo Sy 5 o)Lk Sy 290>
(YA canl oais 5,915 o1 (6l G yol

gy tlallas o sl ogzrg @ byl o)l b gy
s e 9955l 9 Sta; S )3 pae Jold xS
(2o 3 V0/F) e cewlinl oyl (oo, VYY)
ColaSpae waoys VY/Q) b fosdljgiws o il
V) s jasid ;0 el g (do,s V4 /1) &)l
s £85 Lyt slmal sl 1y gt 02 YL (a0
3 e Jels o yeish ple wisly plais! g 4
5 Olbls)l o Lals b )5 b gonld Sliges
(oll Il delaie g J S el (e S Cans
602 blix flog 5 (sl Dliagad conliol Sy
Sl SOb bl by ol 50 0g canlials
2 AOGP) 55 5 cis BaSads Mol crezl
FeVe BV Slejosl o wolg> £439 e pgas
slaslyg; 5 b e Dol £68g )0 @l cle il
CeliSpae Jolb o5 a8 e Vo Jasliy L
el ol (S, 2b)l g ol Slulis
SrSpeeds ()5 Sladedllygius g ladg, o ali
O350l pas 5 s b 5 5 mn b I3 elial
(T9) wivg CumMo § canlio

Sl oz obj, Sldlas sgase 5l axlllas ¢yl
ol yo il e s 8 L s sbeolSis] o
slyls a8 SPEAR g, 5l eolaul b lalas « ags
B anlp b ocalin 5 Sl 3l S
shesdlonds byl wdbiee 5B JUSI 5 @595 s
GRS S 0 pae 4 Gl oe (g cnl lacusgasme
Oeizme 0,5 o Ll lallas Sbj5 )l s sSls sloacs>
el g 5 009 Sl laled (e p (S a2l
Pl sod ©y500 HAZOP o5 aiils 12 cqz
oldd s 3l slecusgame @dllas ol ;o 008

pas dooliwgl o alby codlad poe 5 Slaiis

qicp

Iy Uas olass op 528 ga03l sllas g 0 YL oL
CS i 0 ol)as g Slel> adlas jo (V) auils
SHERPA 55, ;5 eolizwl b lw b 58 2oV
6o, Slee Glallaz & by Uaz ssy0 £PI0 d90>
w5158 Ol glalls 4 by e Uas o) 265 4
ol slalaz LUl b s de aldlas zbs (V)
Sldllas b guls pl izmes cls Slstran asllae
Slasdlas o cils cilhe 5o Ko mlio [0 alic
Jl ;o SHERPA g, 5l oolatwl b 3 Crio jo a5
otz ol plol il Ken o ogllae Jawgs 174
(V) 2isgy Flslyd 0 iVL sl sauojl g o0 ,Shas
b glulis Sl @by 5l ao,e PV sgu

@ylby ails |, Wolg> £485 slp YU Sy mlaws
Sz gillel, 9 il cuedl Laen 5l wsg o)le
Jolis iy sl Sl e B3 el il
el 3 Y S SIS 5 g L3
IS Glhe e GleyiSsw g alad gt |
S e B3l 93 ek Oy Bl Sl 590l e
e s (o) 2 9 S Siell (A gas aiiloy (6
aS ols il (TY) casloass (3,155 e glo,cd g g
5 et led ol laolSinl ;3 sy coale
5o Golgm olas ) 5 Uas g48g Jlaixl il oo ()l
Slaoasl pl Coenl 4 4295 b ey dlion YU L]
Sy Sl Sr3p2 o S lisabl ol o)
Slge grosl yloslas (3,155 bl il g0 ole>
£235% i 1t (PHMSA) aly) gz 5 oS o
alo Vo @olg 5T 51 IS el aie bl abs 518
ey las o i M VoYY B Y- - Lo
LI RPNV SLIUN S SRS FRPLH SUON SR I KVA
5 bayg, (oo, FF) Hall Jlel 1) Solg> LYo
sz g (ao,0 TY) cwll 6,5 sla Josdljgwo
(SeMbl SGL cpl o a0 )5 lgie (doy0 A) b
25530 03l )3 (x5 @095 e 4 Loga o D05
ke jebay a5 oal ol olag, YEPP ggezmays
ol Jlo s 50 Yo yadio VP dgu> g dlol> \TY

1161 plams) /1€ a)Laid /1P sla 15 ilas) § Cublagy aslibod



ohBaa g (s3Vgd @l ag)

SN 5 o 09,5 55105 000 e 5l ! slallas SIUT Y Jgaor

AL sblbs Gog i j by
).

LY

o
)
_3!

Y

bl
€l
- 605 dos

—
—
—
—

998 plxil po S [ogis ploxl 518 glos g jlad polie Jypus | VY . 3wl
o bzl ol faigts cod polie flas 5 Ltd o olzsl ol 3 i
Dy gy b ilid LiS el Cygunl yilid
b el 0955 s 958 plnil o f358 S 5 JLad Gl Y : v : ¥ A 3 et
95 (IS (b 095 S (S 09h Ay oLy i 258 Jlis g1 3
Hlad
0 fles s g planil Glu s s 0Sles gy WY : v : 4 o sl eyl
S obeebl Hgan e (gilailely wgis plonil alads J S el
el J785 s (D90l 5l ey S Ol (2la Condy
lS o oS 31,5 eyl Sl (lS o &Kty poall o VY Y Y \ vy | - T
s o pas (LGS e 0aS” (35 o Shee Como (uls S (B3 UL
oSb U5 09,58 Sz ogYsS, 0USSS 3953
ol
5 GWIF pos (B pin 0 SheelE @ged wojl pas - : | | ¥ Ve o
AL plwl (e 5 (IS aly 4 cuied gl (Sl oMb R
obdl by (23 Al (i S
poe ild (60l pae ((2aS 5 6095 lased e o a3 Ve ! ! } ¥ Ve ol (A 9o
050 ol JBB 5 2l s G o as ld 1 JLad alss 298y iled
Coall 355 gal b 593 alonl I8 a5 g 2L 5 5 a5 VF ) ) VY Y el g
D Ay Canwyd (Sl J88 5 yild y0 (g Ay ey Sis pld
gy bl [ogas plol (cw 3l 9585 plowl oy ¢ lad oo q \ . \ Y ¥ 51 lado!
5 &y kP S g 5L oSl Jlad (08 VL o ol 3 ySlos
$39)9 9 T9r et AYge 395YeS,
pll olsl fogts plonl codyls wlul  (50,8dee Jlad oodas | A : : : ¥ o 9w
g 41,5 IS Semme 9985 syl S5 Sl

)‘/JWfl?JMjosw))A/Q,@fl;ulMW Ve ° \ \ Y N .9
g solazwl cawlinls )Lq,o 6}""‘&5-’

\YWY A \Y \ oY N s a0

11€01 9Bans) /1€ s)laids /1P sla (5 (iay) g Cublagy aslilng qicie



e S) 31033 89)5 () (slalba (b)) g ¢lulid

&t

JLad Sl (ygaml S

5 g_;‘ 514‘7“ u..JdJ,J sS.: )| solaul

b6 s

elio g 5l ool

Sl by glalas b5k L Gal gla, b, Jgua

g0l
ol olyble b Ll
& s aiile ag y psspace
FLS oy el Ji
goaib o el Jeol cule,
Syas >ly
loygs w33l

S el Condy 5 (Sl (goy

Sl @by slallas JLiL L jiels sla Sal) diges .F Joux

ol ygiws
S st Josdljgiws args
SIS saze 03,8 S

&5,

b Joallygiws s

SIS g g

&loygo 23k oY S

oY S Ol ble b olis]

o Las b cenlie o3 5l eolaul
il ygol By ol Ol ppas cuas

T il aileles 5l ool
ol gl S8 el ST

S Sl yaosts g (5,055 daliwliss 51 25T
Ol gz

O st 9 o4l DLl Joges
Oedgtas 5 ,558l5]
Los g )lid Ri> coa

Sy Soglgl bl wind gancodsl 5 olulis
Lol 5 lomil 5 Jusl s 51 JI55 slaelss 45 VL
b Caall Gagn Jals asls (S yuie I alad
3l lS a3y geml b same (sl
Y St (IS g g LS B 25
W3y fud (Sl yES g g alad el 5l o3k g
S Wog e s Kool lallas (Jlgl8 5 £95 e
1 Slsl8 eVl soil 5 60,8kes g5 o] (e
o555 i b dallas 5l g5 ol (gl ol
(hoallygins a4 3 ol Sal; o Shoe 5o
» el wel s 5wl Sl g o555l
5553k ol elSiy] o oladl slbas 1 (g Sy
Cedlad obml (st 5 gonlp ladesl g o
Sl 0,5 alal dacolsiae o gzl ogms o
@l Josllygiws ozl glaan b Gillae (ol plaplS
@ labinl b Josdlygiws ol Gz (510 0,00
reiipse L 6pSele g badedllygins o sl

qico

SIS Ol e Sl bl b Lt
Ol e el Jo=

20wl e 3,5

o o Aol 5 i 5 SIS
oilysel iz

S5 s o 5l eslinal
303k S Sz
il Sladrog 0,53 cuai
ol
I ]
Wiy )0 g Sl prass

a8 5l it

o)L..u‘ ‘S)LA.A.A-" u...lals 9 lalas ‘jb))‘ :\...Ho)).) w)BAT
Sro isel Gln stz sl ooy a5 sk 0,8
2ol sl s Ghesh ol @l @ arg b
Sl b i sloolSinn] o lalls oo
I Caro ppe Slacls plo 0 by, ol 23,5
|):?-| 5 Golwooly o lid Cogls olKws! asle
P9yl Sl SRy 9 Subl 4 4295 b puizmen 205
35 o0 Slpriny Sl locSin; asl> (S50 50
S e Sl ol ax LS 2Ll b, 5o
el 6laibs, b gyl Sl slocss
20,5 slsl (QRA) ol o5

SyS e =

40 SPEAR g, 5l eoliwl bz opl 5o
u.'ab.d‘ LgL«.z:Lb:} Copde g c'_':o|5> )| driuw dtw‘)
Lfs‘)"f uuUag ‘L;"‘"J‘ )lf )L....‘B J.».l.n.a dhoml

11€0) pBas) /1€ sylaids /1P sla )15 (iaa) g Cublagy asliling



Db oo e Ll il 090 Cpz Loy

Sloyad 9SS
IRTUMS.SPH. 31 o5 L iegy
oBails  samgy  cigle 0 REC.1397.060
Sl Colox b g oo cud 4 glus (Sap psle
el o0 plowl Glpdsl oliul 5 S0 sy s
WJole e Cu oo 5l dlie Qo abewg o

Ls“"""’ 03;)5 9 HSE ..A.‘>‘5 ‘w.:aﬁ).: w).'d-n
qud‘élﬁJsLm Ja;‘ﬂdfuf)muix—iam)w)ddﬁ

Ahlely gl s g S JleS wSoges ol B 1, ighs

REFERENCES

1. Wang H, Duncan L. Understanding the nature of risks
associated with onshore natural gas gathering pipelines. |
Loss Prev Process Ind. 2014;29:49-55.

2. Wei Z, Wu L, Chen C, editors. Human factors analysis
of Kaohsiung 8’ 1 explosion accident based on HFACS-
UP. IOP Conference Series: Earth and Environmental
Science; 2020: IOP Publishing.

3. https://www.reuters.com/article/austria-blast-germany-
idUKL8N1OC52K [press release]. 2017.

4. NTS Board W, DC, USA, NTSB/PAR-12/01 PB2012-
916501. Explosions, and Fires in Merrimack Valley,
Massachusetts September 13, 2018. 2019.

5. www.isna.ir/news/8906-13113/ [Internet]. 1389.

6. National Iranian Gas Company.Accident root cause
Analysis Reports, 2017.45.

7. Khosravirad F Zarei E, Mohammadfam I, Shoja E.
Analysis of root causes of major process accident in town
border stations (TBS) using functional hazard analysis
(FuHA) and bow tie methods. Journal of Occupational
Hygiene Engineering. 2014;1(3):19-28.

8. Khosravirad F Zarei E, Mohammadfam I, Shoja E,
Daryani M. Explosion risk analysis on Town Border
Stations of natural gas using Failure Mode & Effect
Analysis and Fault Tree Analyses methods. Iran
Occupational Health. 2016;12(6):16-27.

11C0) olus) /1€ a)laids /1P sla )5 (ies) g Cublagy aslilod

ohEaa g (sslgd ) ag)

o el Ui 5cems asle) el sl
asly 5l eolaul 5 (Caws g 5L =, Glp LS

L old] et (glojg (il Cosi LIS joome
Fo ool G5 o o8 8 giesl 5 (58 sl il
Ol s @bsl llys sl (Solel (s Il L
Sazme £9y5 (sheil 9 Sloyed gl 5 (o )il
(BB el | g bjgel aely ogups sbasly o aiylyd
gl i pas ceal (T Gl s s
el o 3l o0litd (D315 L 8T s 1S 5o
Jizuws sl Slas 5l solatal do Y Swcw jo
5 OIS S5 cems (ST o Silas sl
5 Sl +l,] Bom b Sl e (gl olakad yuls

9. Vianello C, Maschio G. Quantitative risk assessment of
the Italian gas distribution network. J Loss Prev Process
Ind. 2014 Nov 1;32:5-17.

10. Kurasov OA, Burkov PV. Substantiation of methods of
improving safety of pipeline gas transportation. InE3S
Web of Conferences 2021 (Vol. 266, p. 01012).

11. Ahmed SK, Kabir G. An integrated approach for failure
analysis of natural gas transmission pipeline. CivilEng.
2021 Feb 1;2(1):87-119.

12. Taylor JR. Human Error in Process Plant Design and
Operations: A Practitioner’s Guide. CRC Press; 2016 Jan
5.

13. Theophilus SC, Nwankwo CD, Acquah-Andoh E, Bassey
E, Umoren U. Integrating human factors (HF) into a
process safety management system (PSMS). Process
safety progress. 2018 Mar;37(1):67-85.

14. Lees F. Lees’ Loss prevention in the process industries:
Hazard identification, assessment and control.
Butterworth-Heinemann; 2012 Nov 5.

15. Bell J, Holroyd J. Review of human reliability assessment
methods. Health & Safety Laboratory. 2009;78.

16. Smith E, Anne Koop DN, King US. Guidance on human
factors critical task analysis. In Proceedings of the hazards
XXII process safety and environmental protection 2011.

17. Center for Chemical Process Safety (CCPS). Guidelines

for Preventing Human Error in Process Safety. 1994.

qicy



v 5)1300)83 50)3 (3] (slalba (L)) § (2Ll

18.

19.

20.

21.

22.

23.

24.

Kirwan B. Human error identification techniques for
risk assessment of high risk systems-Part 1: review
and evaluation of techniques. Appl Ergon. 1998 Jun
1;29(3):157-77.

Stanton NA, Salmon PM, Rafferty LA, Walker GH, Baber
C, Jenkins DP. Human factors methods: a practical guide
for engineering and design. CRC Press; 2017 Sep 18.
Engineers IoC. 24th Institution of Chemical Engineers
Symposium on Hazards 2014: (HAZARDS XXIV):
Edinburgh, United Kingdom, 7-9 May 2014: Institution
of Chemical Engineers; 2014.

Annett J. Hierarchical task analysis. Handbook of
cognitive task design. 2003;2:17-35.

Embreya D, Rajp M. A Systematic Approach to
Addressing Human Factors issues for SIL Determination
Studies.

Shirali GA, Golbaghi A, Nematpour L. Comparison of
Two Human Error Evaluation Techniques (HET and
SHERPA) in Gas Supply Operations using AHP. Journal
of Health and safety at Work. 2021;10(4):376-90.
Pourimani HR, Abbasi M. Identification and Analysis

qicy

25.

26.

27.

28.
29.

of Human Errors in the Maintenance Activities of
Molecular Sieve Replacement in the Dehydration Unit of
Gas Refineries Using Predictive Human Error Analysis
Method. Journal of Occupational Hygiene Engineering
Volume. 2018;5(2):55-64.

Halvani G, Mehrparvar AH, Shamsi E Rafieenia R, Khani
Mouseloo B, Ebrahimi G. Risk assessment of human error
among Mohr City, Parsian Gas refinery company control
room operators using systematic human error reduction
and prediction approach SHERPA in 2016. Occupational
Medicine Quarterly Journal. 2017;9(3):32-44.

Mazloumi A, Hosseini MR. Identification and
Assessment of Human Error in Electrical Installation
Work of Electricity Distribution Company in Tehran
Province Using SHERPA Technique. 2020.

Iran Ministry of Petroleum (MOP). Lessons learned
from accidents of oil and gas industries “500 lessons from
50 accidents” 2019.
https://portal.phmsa.dot.gov/analytics [Internet]. 2022.
https://data.iogp.org/Safety/CausalFactors  [Internet].

2021.

1161 plams) /1€ a)Laid /1P sla 15 ilas) § Cublagy aslibod



	ABSTRACT
	Keywords

