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Abstract

Background and Objective: Considering the high severity of accidents in process
industries, determining the safety integrity level (SIL) is necessary for the adequacy and
resistance of the protective layers used. The present study aimed to assess the SIL of
emergency shutdown systems (ESD) in the oil lines of a field.

Materials and Methods: In this study, the HAZOP method was used to identify
dangerous scenarios, and layer of protection analysis (LOPA) was employed to
determine SIL in ESD. Dangerous scenarios identified using the HAZOP method were
extracted and entered into the LOPA worksheet (PHA Pro8). In the LOPA method, the
frequency of the initiating event, independent protective layers, and the tolerable level
of risk were determined, and SIL was determined accordingly.

Results: The results demonstrated that the main dangers of the desalting unit are
related to pressure increase, increase and decrease in surface area, leakage of
hydrocarbon materials, dangers of H2S gas, ignition, and explosion. Independent
protection layers in the oil line are adequate and, if needed, can significantly reduce the
risk. The most important cause of fires and explosions in oil rows has been the reduction
of the hydrocarbon liquid level in the desalter tank.

Conclusion: The current research pointed out that the significant and fundamental
difference between construction and design phases requires a review of the safety
systems. Among these changes, we can refer to a change in the SIL of ESD.
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Extended Abstract

Background and Objective

Industries play an important role in the economies of
countries; however, due to the nature of the materials
and processes, there is a high risk of accidents in the
oil, gas, and petrochemical industries that have serious
human and financial consequences. Major accidents,
such as the Bhopal disaster in India (more than 5,000
killed), the Piper Alpha oil platform (168 killed), and
similar accidents in Iran, such as the petrochemical fire
in Bandar Imam (8 killed) demonstrate the importance
of safety in these industries. Regarding the significance
of the first and second layers of protection in reducing
the probability of accidents and the necessity of
conducting Hazard and Operations Guidance (HAZOP)
studies, the present study was conducted in the
desalination unit of the central processing facility,
which has the highest risk of fire and explosion. The
Layer of Protection Analysis (LOPA) method was
employed as a semi-quantitative technique to assess
the risk and determine the adequacy of independent
layers of protection in this study. This method helps to
determine the level of safety integrity of the
instrumentation systems and improve them if
necessary. Today's industrial processes are automated
and computer-controlled, involving high energies with
the potential for catastrophic events. Engineered
safety systems, especially emergency stop systems,
are essential as critical layers of protection to protect
people and equipment. These systems must be
reliable and safely stop the process in an emergency.
International standards, such as ANSI/ISA S84.01 and
IEC 61508, guide to ensure the proper functioning of
these systems. Organizations, such as IEC and ISA,
have also adopted the LOPA method as a standard for
determining the level of safety integrity of precision
instrumentation systems. This study aimed to evaluate
and determine the level of safety integrity of
emergency stop systems of the desalination unit of a
central processing site of an oil field in order to provide
necessary suggestions to increase safety and prevent
process accidents.

Materials and Methods

This study is an example of risk assessment in process
industries, especially the oil and gas industry, focusing
on the desalination unit, which was selected due to the
nature of the process and hazards, such as fire,
explosion, and toxic gas leakage. To conduct the study,
process drawings, equipment, instrumentation, and
operating instructions were received from the
engineering unit. The two main methods used were
HAZOP and LOPA. In the HAZOP assessment, process
deviations in nodes were identified using keywords,
and their causes were analyzed. Subsequently, the
consequences of each deviation were examined
without considering the protective layers. The existing
protective layers were also examined using P&ID
drawings. The importance of analyzing the potential
effects of deviations was considered not only in terms

of safety but also for improving product quality and
operations. The results obtained from HAZOP analysis
were qualitatively assessed, and corrective actions
were suggested in case of ambiguity due to missing
information. In the next step, hazardous scenarios
were extracted and entered into the LOPA worksheet
using PHA Pro software. In the LOPA method, key
factors, such as the frequency of initiating events, the
effectiveness of protective layers, and the acceptable
risk level, were analyzed, and the required Safety
Integrity Level (SIL) was determined. This process was
implemented in 13 steps according to the IEC 61511
standard. For each scenario, specific and responsible
corrective actions and their review time were
determined to reduce risk and increase operational
safety, as well as job satisfaction.

Results

The risk assessment of a desalination unit was
conducted in this study. Initially, by reviewing the
system and process drawings, the unit was divided
into smaller nodes, and five operational nodes were
selected for the HAZOP study. Based on the process
deviations, 25 hazardous scenarios were identified,
and an emergency shutdown system and SIL were
determined for each. Risk criteria were determined
based on the severity of the consequences (1-3
fatalities) and international standards. The initial
causes of the accidents included defects in the BPCS
instrumentation loop of the inlet control valve and
operator error, the frequencies of which were
determined using CCPS tables. Independent protective
layers included liquid level measuring equipment
(LALL-5011), human alarms and interventions,
pressure gauges (PT-5001), and pressure relief valves.
The operator presence factor in the area was assumed
to be 0.3, and the probability of fluid ignition was
assumed to be 0.5, which was determined based on
the nature of the fluid and pressure. The two
significant  initiating  cause-event  pairs are:
instrumentation failure of the inlet control valve and
operator error. Following this, the pressure inside the
desalter decreases, increasing the likelihood of two-
phase (vapor) formation. Under normal conditions,
the desalter should always remain full. Using PHA Pro
software, the Target Event Frequency, Mitigated Event
Frequency, and Risk Reduction Factor values were
estimated at 1x107-6, 3x107-7, and 1073,
respectively, and finally, a SIL of 3 was determined for
the emergency stop system.

Discussion

This study was conducted to determine the SIL for
Emergency Shutdown (ESD) systems in a desalination
unit. The significance of this study lies in the fact that
process industries are prone to accidents, such as fire,
explosion, and gas leakage, due to the type of
materials and energies used. Therefore, the use of
protective layers, especially emergency shutdown
systems, plays a key role in reducing risks. IEC 61508
and IEC 61511 standards provide the framework for
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the design and implementation of safety
instrumentation systems (SIS). The LOPA method was
used as a semi-quantitative tool to determine the
safety level of SIS systems, which was applied after a
Hazop study and the identification of 25 hazardous
scenarios. In the unit under assessment, 15 ESD
systems were identified, each of which may cover
several hazard scenarios. The most dangerous
scenario was related to the level reduction in the
desalter tank and the consequences of fire and
explosion. In this case, using the PHA Pro software, the
SIL3 level was determined for the emergency stop
system. To reduce the costs associated with achieving
SIL3, it is proposed to reduce the required SIL level by
adding independent protection layers. Previous
studies have also shown that LOPA is faster and less
resource-intensive than methods, such as FTA, and has
a greater focus on severe outcomes and independent
layers of protection. Regarding the limitations of this
study, one can indicate the time-consuming nature of
accessing evidence and the lack of similar domestic

studies. Finally, the difference between the SIL
determined at the design stage (SIL Design) and the
actual level (SIL Actual) based on the implementation
drawings was examined. These differences indicate
the need to review and adapt the actual safety level to
the designed requirements.

Conclusion

Considering the difference between the SIL assigned
to each emergency stop system at the design stage
and the construction stage, this study was conducted
using the latest approved drawings to identify this
discrepancy. It was revealed that the emergency stop
systems assigned at the design stage had no one-to-
one ratio for the risk scenarios existing at the
operation stage, and were different. Therefore, action
should be taken during operation regarding the
occurrence and assessment of risks. In this study, the
most dangerous scenario is the criterion for assigning
the SIL to emergency stop systems, so that lower
scenarios are also covered.

VET 3l o ojloc 1) 6,98 «(5lad > Cudbliigy (owvigeo dloxo YY¥


http://dx.doi.org/10.53208/JOHE.11.3.222
https://johe.umsha.ac.ir/article-1-957-en.html

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

[ DOI: 10.53208/JOHE.11.3.222 ]

JOHE
S92 Culilig (wiigo Ao

YYV-YYF :Olxio AF+Y 500 ¥ o)lel Y 6,90
https://johe.umsha.ac.ir

AN

UMSHA Press

30 Sbls> ay WUT g Hazor STUDY ugy 31 ookl b (dl (5 by adaw (it

(CPF ol (535 10 v 391 2 w13 (319 j1od 019 (59 390 axliac) (s 5 o 8 g5 Sl piamn

‘)S.LQMS A.,,o‘ ¢

N olaexo z pl ¢

& 3Ll 3lxaw

OInl el stloiz] cadlus § oo ol pole oRiils (LD g Lolgm )0 Codls Dladons 35 10 ¢ 505565 ] 09,5 A

ouS

g <olaS (ol ‘5;_0;”1 G§>)LSJ zhw s (gail,8 alio jo Golg> (YL Sud vaxgil 1o g adlw
G pins gl (S LS mhaw dalllas (] o sl &g 00 S oslainly g0 Sblas slaayY Cwglas
ol oals bl Gl SO s oy, (o (s, sl algs

SUylas lag b ololis gl Oldes gyl 5 Jlas dalllas g, 90 5l casdlas cpl )0 b o9y g dlgo
a5 ool ol (slapim isyge siael (S Ss o e sl (bli> slaad 5T 5
caw g Jowe sbla> slaasy OSHT oy, Slolp (bl glaasy 3BT 3y, ,o .aias (Pro8
W IRUOUS S SN I S I S W QT ool g ¢ attine Sy Joou JB8

s edaw galS g iolisllad ol bg e 0105Kes axly Sl dolsee sdee ols Lis guls (Al
035y yllugd (y350 )0 ()5 5,000 o mhaw (Al ¢ i s, 50 jlnil g (555w AT e Fiage a0
ol (Sl e )3 5 4 g o0 Dt ezl oS Sl (ol ot 3 (6551 wiesls
2,5 oLl (ESD) &yl sl a8y (olapis

bl sloay 5T s 5 cllas asllas wgasyld mlio (golS o5l

VESY/VIYY allio el ys gyl
VRV Y callio ol g g ,b
VESYNYIVY callio by dy g ,G

VECF/ N callio HLaal g,

i pele Rzl (gl Lu5 Gei ooled
ol Lgizmo yloen

09,5 ploese 7l ghome odium i
5 Sdle Slidod S e oogisS )|
i ol pale olRasls LM g Lolg>

sajad.afsharil 11@gmail.com: J.o!

Sbpiw jo sbl> slaay ,.JLT ¢ Hazop Study g, 5l eolatwl b gl (Ko LS ma ped caol 0503 IS 17 1 cpliiiascs colonu o5 Lidl :obeew!
YYV-YYE ()N VN Ee Y )AJL m;h\ép w'..\.e(a JENREESS e (CPF cols «5}5)" u’l-”‘).é »'5 ‘sglé)'&-o—i «.\>‘5 &9)90 allas) ‘5)‘)-]4@l adgy

(S B ) VAAY oo (s 3o (L8 B v+ 3l ) i
o W ol 25 (58 (428 Vo) VAR5 Jlo dudlp 08
5 (48 YY) VAR Jlo blsluly #F Ll (4225 1SA) VAAA
woly 5l glge (ALEST YY) Yerod Jlo eSS oo
o5 s iT ol 4y i 5 Ol s s b
Jlo 55 ol oKVl 5 (anaS ceta) 1YY Jlo o olel an

LV-¥] 5,5 o Ll (azas aui) VYag

EPRV-F
Al S 43.00)lo by 98 oLl )0 o Jlows i mulio
sgba gl c¥game (510455 5 912 g slayks (o
s 5 8w mlio ol Gl I 0 (6 Sein
Sl Boly> e n Sy daaild g Dligas wlse Coale e 4
e @lio ol Sl b g Sl slasaly [Y 0] o
ol ol g IY] el mlio plo ) gogline 5 (pSages
Jbg dols el il Dlali g Gslg> £48g 0w 3 goald (sl

Yys | VB 5l o o loud 1) 690 «(514d > Cuiblingy (owvigpo Aloxo


https://orcid.org/0000-0002-6391-5588
https://orcid.org/0000-0002-6391-5588
https://orcid.org/0000-0002-6391-5588
http://dx.doi.org/10.53208/JOHE.11.3.222
https://johe.umsha.ac.ir/article-1-957-en.html

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

[ DOI: 10.53208/JOHE.11.3.222 ]

DT 505 0525 pians ol canslio

Medlom gmaneS’ yolas (Mol (sl aslind 5 Loy lo sl
4 £955 (ISA) Ggemslegi! llallis anelr 5 (IEC) (S 2l
SIS gl (e Sl @z e 09y Ole LOPA (55000
DYT w05 ol 33015 slapitones L5050 i

oY lysar g )hhol Wy Glapiun Cooal aazgl
sbewly o adllas ol (ganld Solg> 5l (6Kt ;o bl
@y gl jo abli> sleay s s Hazop wldlas
S5y gl R oo oloj S axly o el ik (sl ]
ghe Gl b o O o b 2d T bl (285 lae S
S ol lasl @ sbaptus )3 5lis 50 (Sl (Sl

D9 Oy90p g oy

FLETY)

gle 0 Sy Qb Sldlhs 5l laiges aslllae ol
Coale wazgil [V col 5 5 cds cars opga ol
(83351 o Ol bl sdas 45 (15 slaoasly (sail )3
s 5l anlllae (gl £3d0 ol el soms 5 it gl
Ui 5o y30 Slaituce 5 S lie calllan cpl ppols bl (gl
5 b asd i el Gl Hlges laanss
b a8 S i 92l Sl (Sles la Jesllgis 5 53515
slp Oldes g al) 5 Jhas aslllas g, 99 5l caslllas (ol )
Gl blis claay 5IUT 5 SUjhs slagy b lulis
5 bl By slapiuen lisyge (S LSy mhw (e
Sy 55 syl 5o DVF] el oo ool ay) 5285 15
30wl Sl sl Lol LS 5l eolaxw! L Hazop jog, 4
A ansls y Bl cde Glulid 4 uew g atein 05 ja
53,5 alobid ) Bl ) (U sladely Dbl e g
S o pen Hazop (g jo aely (idss a5 iy Hlai o il
cay way al> e o Do) col sbls sy (288
laid 5, Wby o 3l i slp Ssrse bl
WA (a5 gy 2 05 2 4 by PEID

Stlos slayally 51 bl 5l A6 esally BT slSTy
4 by Plos el pogdle BT olST5 55 951 o Sl
Gk l 1B ab 4z g 15 )15 (ol plodl 092 5 Jgamme CudS
Syt |y Slles 5 Jgame CodeS g )5 (ol plnil og olgn
Cewl 09,8 slasl [uils g 4,00 4 (S Hazop oladlas .oty
028l Sledbl Jdsay ST ol b, S &ygoar o JBT
p3Y Sleladl b o5 (5T el BT 05 moe 42 @2, Ol
o 315 g atims oyl Sloladl yl 5ads alovl ol 23, ol

bl slaay Coeal 5 unlp Soly> Dud waxgl,
ol 4 i g wolgx Jlazxl als jo pes g o
el 4 ol gl peiisyed Jlo 5l oS Slaiusnesion
4 gy9p0 adllas ol 0,5 o,lil Hazop oldlae yolas
oS 655 o sl Sl lo3Sad axly o (8] wy s
Sldllae o ls 3929 il 5 (659w i3] Sany Glie 2 SYL
ool colas g ais, S slabli> Jbj) sl 5 ol Hazop
SBla> slaay LT (b, 5l SUjlas slaslag, Jypus o
5 ol (oS dos S, jIUT 29, G Lopa oS o eoliul
D3y50 )8 4 ol SUjlas (g4 )l S Sy b5l sl
e o B Jis oblis laasy (e b 5 S oyl
150590 (ol (S S s Gl o0 29y 2l 12 5 Jel>
) slacaie 5l gl Cans ) el 385,15 slapiia
oSS Sio b gy ol bl g olSsle 30,5 Laseios callie
ol mrgdion dxgio g S9dion gu S e Jilas
Cople wigd co ooliinl Jolaie b SuSs o a5 Hlajlesl
Glg s oy @ aslllas ol [A] Wl 1) bl oY
Lay ol jo s b oblax a5 ddlal Gl & 00
4 bype gl (S mhav aizmes WS (e Sleiiey )
Dyge0 )0 g eyt 3y (] 0 sadoslannl 5.8 1l slapins
w50 &) pleslering of i)l sl 3k
Slegl 5 SgeslS b p oje el (e slavl P i
Jolo sllac (slo il oy 4 boanl g JuS
Ayl 1y Jlaexld Golsgs Juwsly a5 w6550 ol lade
glee ol sy ond gmirgn SlS ol sl (il il
ol 5l ez g sanl b SBlsl ol o cbibbre sl (55,5
o S 2l 039 50l [A] Ceslanas ol Cagll 4o ol 3
5 Gl oKie anlp S ey e hlhsl byld (g
[P ATt S NC e JE RO § JU K
JAS s D5 [V -] 25000 4285 1 o ot
W&‘o&@‘)b Al d ol e S gl aS wnl,e
5 ials sl aS col lidle 4Y saiasLid ol sl s
GBS e O9doe SUyks Cundy Gep 5l GRSel>
Jud 5l 5 Lol elaly 5wl slazel LBl b ()] ,las]
oo 3l el ($Bsy ]y Wy Wb ksl ple o
Olyeas g)lhol Wy glapiuew |, L5 (pl a5 5,5 7,5
o labinl o e g pbxl sbl> slapiacw
IEC 5 ANSI /ISA S84.01 ausle Jodliym codanslis
0,8l 5 65 8w 5l Glpebl gl oleogein, 61508

VET 3l o oylocs 1) 0,98 1518 o Cudbliagy (oawiigeo Aloxe | vrs


http://dx.doi.org/10.53208/JOHE.11.3.222
https://johe.umsha.ac.ir/article-1-957-en.html

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

[ DOI: 10.53208/JOHE.11.3.222 ]

oH)%en g (5, Ludl

Fa16.9% ey

§

1
w By T3 w w
T _'i ﬁ

- & £ I Tant Sepmewar |
BERR-1S —p—f‘, E= 1 e TE) HF Flase

[ 4 = T
azan-16 NI} L "
PR I . T WP T OO 4. Taski "
ATAR-D5 LS ok i3y

# =} TABLAC o R

azas-1s iy
Azan. oo DT H

Lo
AFAR-11 - =} [ J":l::ﬂ | m

[ . RakEn P01 75 Bar
AZak-16 I L JTEL T : e
ATAR-OT d L - ML‘I”.QI'.I.I:H wr r_ LTS LT3 e ppn L

P I T Sags Seie I T Sisbiliyer
AZAR0y it s r—

- & | Ce SLEmhe '
AZAR-OR I — <} Both g Prirr sy

- Lo T | [y L ar T=&1LEC
AZAR-LY T ] %

Wiasie Water |
] 1= 257 e

PETVRTY LA - PE

r SRR Y
azas 17 I £}
azanos T g Pe17.3 barg WS R

ATAR-14 _nr—-b-c;. FROM CRUTION 'S T I T=ERAC

WaRTEA

ab-inar P11 zarg

r " -+ T -
o ——— acienmn L TRR i
=P Flurs LFFlars
FEOM 17 Stage Seperata L
FROM 1= Stage Sejaralir r 40 TonyHr
L
HE5= 183,504 w1 pam - w
.".}"‘x'r"_, ) -
= rarin Ry it v =
u
e -: T=0.7 Pedl basg " Pe) Y by e A
EE T T TelMAC ExportTe
£ - w Khash
g & Rebodes Werking {apscing FeT3E b Floewr (Cie Purapl
E 13010003 1 TeTRAE - 114 mdHe
a2 b S3ELE bl ey
ir
T P T g w
P=1.5 bag in Spec Te1IL
Te16LIC Pl by e Soal
ey (R LR TS .
Beosier Pump
|:|-a-:-!rru ol Traegisr Pamp
[r 1308 PU-BAH
[T
Wadlhag Cigedity Ta I= Shage
Hinml Saparator (Tran 1)
45LY
Pal Bl barg
S Pad 3L LTY b TeEXINL
L3 na s ne S ey ol TS O Spec Tadie £
P— — LI TH-D02 ¥
Pl Basg P35 bang o
s s e
o L Ta 14 Stage
Saparater [Tran 3}

Sy Jo2 BB o g Jitee sbila> slaasY F5lel ol
DAL as st ol (Sl o T olol 5 0t
35 ke slp (Bl sl Julovga oo by, sl el
Lol 53090 (pB9) 5 s (2B, (el a2 (9, e D
gy oslilulsyge Sbli> slaaY  Julsiga i b,
) S il o5 35 TEC 61511 3 il ol axiliannsgs

[Val o 1) Lol als 1o 03 5o

Wb sl GmalS b ad; B ol> o jglagzga Jle S
2 ab (ol Sloladl wd 5 s o Mol pladl T sl
g e jop el wsly ol el wle &) cwx
Sleladl (6 S5k Gloj 5 Jgtame mizean aril (Jad garenls,
DIVT sgi jaseis ayl oadass 5 ki o
ey > exbplulid SUiks lag b way al> e o
Sdle s yo cbla> slaa¥ 5T S 415 ol 4 2! ,5enl Hazop
Slglyd bl sy JIGT by, 0 058 o PHA Pro

vy VEoY 3l o 0)lons 1) 090 «g1ad y> Coiblingy (msokides dloxo


http://dx.doi.org/10.53208/JOHE.11.3.222
https://johe.umsha.ac.ir/article-1-957-en.html

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

[ DOI: 10.53208/JOHE.11.3.222 ]

wiad glolis SUjhs slag s wish o olxl Lual,
byt owon $ln g splolid SUHlas (9 )l YO £gome
@ by pe )Ll 0aisS gels pitas 54351y LOPA ()
5 G o] (sl sl (S s 5 et S0

Py szl sl jloged ululy addllas mls (i cnl )
e 1))

wl 2 igpdy b byl g5lwadius g (o S )
Jooz 52 85wl Gnd o pdy lalne iy Sl s
a5 ool oz, Cp Ojgoty Sol mhaw ol odal )
6o lne el @ol> e 5 yrageS e duw b Sy oS 10
o3gazme ;3 wads Sl glls slayg, a5 sile oo Lastive i3S
DAL sl ongy bli> sloayy Jol=igay 320

5 BPCS 585 I3l ail> i 10w 38T Mo o lwlisls Y
ol e alezsl yplnl slas 5 lags & 39,5 JyS
3ot b Gu3lel e nl (ol 3 s yllags o ol
DAl el oads s ¥ Jgoz 40 05,5 @51, CCPS a5 Jglar

@l i 53 39290 Jliuw (BlL> glaay Y
Bl sba¥ pl dalllaes jgo s oS ol (LiS o)y
DYl sls 1,y Jis

LALL-) s 515 aole gl s pSoiul lpags @
«5011

bl EME s 5 ol gl lotn @

«PT-5001) ylluss J3ls jlasd caimoylis slagS ®

Sllas Ghals i@

3l ! Jlass| g adibain 35 of 31 yqua 593518 oy P
2 oglnlaw &5 w58 aalllas ol o oI gl bl
sy ddlate ;0 o3l dlga 5l ae 0 (o g WS (00 )5 i 50
Y Gl 4 dibie )3 jeh oSl S @ e &S Wl
e oy (S Jlw g5 5 ,Li8 @ Gliol Jlaist 0l o
Jow S Cond JUSIE Jlow S5 2 oadJles! YL
S50l (6 i 3l Jlesal el jLad cod Jlnsl LB s
055 Jlw &S ype0 Vsl cel Sl Jgene ganaias
IV g 0sd Jatine szl Jlew oS (G900 /Y wlly Ll
B e Sl Jlw b Sl g jlal Jhw a5 S50 50
HB sl 0ebee (B8 4 S Cil 5 adlsn g e
Jbeazl Gl 4 g s Jlaiisl 095 duo 0 v Lol il Jleil
Dol sl go 10 ) yee & Sl

Sy S bl (gilediis § axwgi -)

osls (5jluaiinme 5 (5 y5lanx -Y

» 50U 5 ololiss
faiin S5 losls | —p
il S e
Losls Jas g yons Y
o Sl gy glaslasy, ol -F
wad Pl gllo slag, a3 -0 QRA

el e ololes -#

o3l e (sl uils 8 s -V

Slh)s Slaug o i1 e i sl -A
WPFD (s 5 WIPL olulis 4

on Sy, Jlazs! dpuabna - ¢

b dlg) Jlis! ggezme -1

odel Cawd 4 Bas Ses, LT o

SIL ¢ypani -AY

wil gals sl Jlozs! acwlw -\ Y

D8] bl slaayy Jolossa s s, wiald Jlogai ) JSUo

el %)

5 e s S o gl sl (b aadlas ol s

G5B b s slagali 5 Sl Wl slaasds
WoolSzs caled bl s, 58 b 5l oslinl 5w Lils
9 0D el FSS Slocond 4 5olSly 5 (o) Sln 9>l
Slalllae 0,5 S5 0 wiils SluSs 8,55 a5 S50 Ygone
2 0 el et ldige el oEass il eols 18
Blas T Blbl &l 9 380 )l Dl jaga of ot a5 olKtas
Slhles 0,5z dlawi (bl e Coledyo [L] ol 0,5 S5
oobwl (s 50,8 QB! Hazop aslas cw)p sl 1)

S L olyen (Sllas slo el oS 5 5l a5 (ganl b Sl ol

VoY 5l F 0)lod 1) 085 «(5lad y> Coitligy omsikides dloxo YA


http://dx.doi.org/10.53208/JOHE.11.3.222
https://johe.umsha.ac.ir/article-1-957-en.html

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

[ DOI: 10.53208/JOHE.11.3.222 ]

o) en g (5 Ladl

DIPHOOOS(L2) DPEO0OS(): 426 o Air Cooler y g, el 2o
1201-CL00 ; 1201-EX002; 101 EXOM: 45 o Al L 3 e il
ST s Si4T (TABHO036 ,71.LLL | 53, b oo ooy L1 | 2 LFVOOBL ]
e BB gy D S S
THIMS S5 b Jos! ) sy o il 3 S5
Mo i (b Sl o 8lee 3 PLs1| Set Pont S, gy
- o ada o o cnd | i o> o i
y i o s o148 TR 21| ol e
FOREN 100 O U RO RYR
R Yl 8 Ll g b bl
Gl e i ol Condy it 311 oo Jus
el et 24
! TI-0038/0039/0033 gles

o of (e mode)

SOV o el ESD30 5 o i

a,...

IS e uf .11

V4] bl oy g 251 i ) S

Lopa & ,,l5 aigas

TEF MEF o
MNode LOPA Scenario ‘Consequence CAT(S| (events [Tatal PED | fevents 1
per yr) F'“‘“;"s"" IPL Description TypeoflPL | PFD | foral | PErY0 |cat| peD | mRF Ll
IPLs
N s Sllee A|FAC 1 (10005 | jue clos 1[1.00E-01 TAH-0305 91 .1|crtical Alarms [1.00E01  [1.00E-04 [1.00E-05 FAC [1.00E=00 [1.00 1. ESD-
Al L mlyat Afsibebz 2l e s A7 g Human 21
. IVESR IO SR [rtervention
Pl a¥ el al Sl
ol 4l ,d i e 2p pled o = [ lgas glp 2l jlos 2Process 1.00E-01
5 S las A sl 2 i, F L s 5Vl s 28]
RRCRIEE B s
iy sl e yea] —
Al 12 523 et -
oo ol st l3] [TAHH- o 91 os Jles L 35 1.00E-01
4 e 4
8] & Al o s, 2 0013
e Ll .
[ESD-321 ai Jlab ceely
Al gllas
SDV-001 s 5 gt o
Aoy
gl o i
ook ) ol s i) ACritical Alarms [1.00E-01
fand Human
oo pat Slles Ll interventon
B e e et
u:.;l}i1_2‘53u‘”-' 35lec ZIFAC | [1.00E0S |ail> 3 Slac10OE-D1 o= 36 PIC-0017 «il> 1 pPCS 1.00E01 [1.00E-03 [1.O0E-04 FAC [LOOE-01 [10.00 P ESD-
1 21
mJ—*"’ [P = Lad PV-dly 02,85k G ke 1 S|
T e el PV-0016,] A el 1, 3,123 0017
. SILA
TR S EYPE RE L PAH-0016 p ¥1 2icritical 1.00E-01
= 0-81 . L. e (alarms and
ol s o Jod Ao 4y o boman
R CRCPE S aad 4z ntervention
it PAHH-0004 » 1 3fF 1.00E-01
F e Jlai ESD-321, cuif

yva 1FeY 3l o oylols 1) 0,90 ((glad o lblugy widieo alxo


http://dx.doi.org/10.53208/JOHE.11.3.222
https://johe.umsha.ac.ir/article-1-957-en.html

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

[ DOI: 10.53208/JOHE.11.3.222 ]

os plalid SUlas (slagy s

gl e San gpdghs gpSeilail f
Lo ST el alS shaggy Jloiol 5 (shoa! o575
Shpta ol (S2LSe gha e lp adllae Gl o
Target polie uso,S oolazwl PHA Pro |ljsle 5 51 585 15
Mitigated \ x"V+ L ., Event Frequency (TEF)
Risk A x)+" L ,l, Event Frequency (MEF)
5w Colgsye a5 54 ) T Ll Reduction Factor (RRF)
Vsl S o jlade S, pals Sl alw
iy ozl e aoly s sl G55y & (SIL3)
(sl o0 oalizal 381 o5 5 [#]

PAHH Hizh Hish Prassure
LDALL - .
1 Staza Saparator 1201-V5-001 Low Los Level
LARH | gizh High Leval
Lall Lom Loe Lesel
Mew Inlet Heat Exchanger 1201-EX-10 TAHH Hizh Hizh Tempratos
PAHH Hish Hizh Drassure
LAHH iz Fiisd -
25t Stape Separator 1301 -W5-002 = Level
IDaTL Lom Loe Lesel
Lall Low Low Level
Ball Lo Los Pressure
PAHH - :
o 1201-BU-001 A Hizh Hizh Pressure
BALL Low Low Pressure
PARH Hish Hizh Pressuze
DESALTER 1 LATL Low Low Pressume
DESALTER? Lall Lo Lo Drassims
TEIF FUMP ALPHA PAHH Hi=h Hizh Dressuze
TR FUMP ATPHA PALL -
1201-PE Lom Lowr Preassums
TRIF PUMP BRAVD PALL Low Low Pressume
TRIF PUMP BRLAVD PALL Low Low Pressums
TRIF WATER TO W LDALL Lo Low Brassume
TRIPF PUMP RECYCLEZ90I) LDALL Low Low Prassums
LIME TO OFF SPECE TANE PAHH . .
1201-CL-001 Hi=h Hizh Brassure
LIME TO OFF SPECE TANE TAHH Hish Hizh Tempretoe
1201 -E3I 004 1201-E3 004 TAHH Hizh Hizh Tempretme
1201-E3-002 10 LATL .
1201-EX-0072 (FEBIOLER) Lo Low Pressure
1201-EX-002 (REBIH.ER) LAHH Hizh Hizh Level

Sl dlugoilel cde glacds (a0
Wy 50 S92 90wy

ail> et ) ol I glls slaug ol ade cas >
g (alS - (695,9 J S5 5 BPCS (3.85 )13

B e 53959 J 1S e BPCS (385 1l ail>
b ol oty 45 555 o silleys 15 35290 Jlow (oo el
L) sl JSas Jlal g wboe Rals pllags Jo1o
A3b 5 Sl olgem wub Il (Jloys Ll 45 .5 )ls S92
50,9l pl Gl Y wuals 31 slls ol.xij)—w)lé] cle cas> P
g RelS = (6395 S s (s
Jlxol (53959 Sy b i 50 55lnl slas waly »
el s o (o) g5lBgs JSis

[¥] ol Slylas gl Lo 50 azdly tals shyyg, Jlaa>l ) Jgu

(Jlw 33) Siis y90 4l LS olayg)y Jloso! (o2 oy Sl gl
Ty Xy sl slasaS @l b ez S s Ca
Ty Ky adyl LSS 4 5L L el s Cs
ey Do ol paiz b eaisS lgl colye Cc
By v aol> oo 10 a9 S 0 S Cp
By aol> oo 10 uagS o ds b g SO 5l Lt Cg

VBT 5l oF oylods 1) 090 c(5ld y> Cuiiligy swckiden dloxo | v


http://dx.doi.org/10.53208/JOHE.11.3.222
https://johe.umsha.ac.ir/article-1-957-en.html

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

[ DOI: 10.53208/JOHE.11.3.222 ]

o) en g (g Ludl

[¥] cnlel Jle (il 3 Y Jour

oS ,é 035 2w Q.g.)’l.éi He
- CCPS BPCS .88 I3l dil> ais
) CCPS S9! las
(Y] Jirs blis slaay Lo 50 ooy 5o conSs Jlozol ¥ Jgus
30580 lo) o Cawnsl Jloss! 03ld & Foo Bl Y o Foo Bl glaay
1) CCPS BPCS Alws S5l gle o (5 S o3Il Sl
V) CCPS SIS Sl oMo 5 ol slalain
1)+ CCPS BPCS Ao b jLad osiaojlis slogS
Yx) e CCPS Pressure Relief Device Relief Valve jllags jlad pals i

(Y++ %) abga g atwl, .ol ool IEC61511 4 IEC61508
bt LR o jgunins 5| ISt ot & j504 1, SIS
e Sy |y ol Glsise 5 w00 258 Sy slapn] s
el a8 5 S 5o Slied sl S (Bl Y
5o s ol Jee 3l o300 slasely § olee aasgil
5 ball g8y Jlotxl fall jolied 5 o sloanl
D95 bl shad ) ey S S5 eizan
Solol @Bs slapivan Y cpl 51 S 0gd o colaiul
S 4 ey 5l S aiwlgs b sasalyl sla s aS

DAl Wi o S8 5 bl o pls 4 Y ol 5o iy

5o oolitals ;g slass il g Slge CodsS g CueS ezl
g olag, 4 o92ge slajhs Jud plow wsanlp mle
oMels o Reie ol (hecaw) sl Sogll ol
A5 9 6 55hn 50 090 9 ol (GBlax slaa Cosal g 0929
Sly Ml o6l Caws 4y ragh cpl ol Ban daslays,
Sl By Glapiarw 4 ol (S whae (arass
o ool sl las alS (ol calin Sal, @) 5 0525
ol gibla> glaay¥ 3IGT 5 55,5 L
oo laslinl jo gl 380 150 Gbbpins o5 ol

35 SIL 5 >1,L SIL ke F Joun

Name Equipment Equipment SIS SUyhs slags b SIL ol4b SIL ouwlcawon
ESD-321 SLad ialssl | \
ESD-322 LalS ) Y
1% Stage Separator 1201-VS-001 gl o ,
ESD-321 o ol | Y
ESD-323 v ials ) Y
New Inlet Heat .
-EX- - Lo ol \ \
Exchanger 1201-EX-010 ESD-321 S sl
ESD-324 SLed ol Y \
ESD-324 ] Y )
2st Stage Separator 1201-VS-002 S

ESD-326 zhw ials | |
ES]/)/;326 JLad mals A oy by
ES]/):% JLad alsal A o by )

Pump 1201-PU-001 A/B ESD-326 s 5 L
B e e ooy iS5 )
ES]/)];326 JLas ol B @y )
DESALTER 1 ESD-301 JLed rals Vs by Y

DESALTER2 ESD-302 Jled els Y dlgs Gidgs

1201-PK-001 TRIP PUMP o 1201-PK-001-
ALPHA ESD-303 HLad ialdl (G5 PUOOTA Y

TRIP PUMP .
- s als -PK- = | ¥
ALPHA ESD-303 JLes e 1201-PK-001

ey VB 5l o o loud 1) 695 «(51ad > oy (swviigeo Aloxo


http://dx.doi.org/10.53208/JOHE.11.3.222
https://johe.umsha.ac.ir/article-1-957-en.html

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

[ DOI: 10.53208/JOHE.11.3.222 ]

TRIP PUMP
BRAVO ESD-304
TRIP PUMP
BRAVO ESD-304
TRIP WATER TO
Waste Water ESD-305
TRIP PUMP
RECYCLE(2900) ~ ©oD-306
LINE TO OFF
1201-CL-001 SPECK TANK ESD-330
LINE TO OFF ESD-330
SPECK TANK
1201-EX-004 1201-EX-004 (Air ESD.328
Cooler)
1201-EX-002
(REBIOLER) ESD-328
1201-EX-002
1201-EX-002 ESDA20
(REBIOLER)

(w3)PUO0TA
s el 1201-PK-001-
s (35)PU00IB
s 1201-PK-001-
i (L) PUOOIB
ch ol SDV-5031 ¥
1201-PK-001-
Lis pals PUO01A/B
(iBg5)
s sl ) |
Lo ol 31 \ \
Los Lyiul3! | |
o a8l \ Y

ol ezl wls b Sha)y b)) oSS Koo 4 Cond
oS sloisg, K0 g (FTA) Uas ey 5001 o> ola i,
35 2 s Ol e bl aloz ool i o Sy 2L
oBas wsly> godg adsl Jle (23,5 Lo 10 ol lassly 59,
oo alie et g adg) e 51 oo (sl IPL (e o Sl
S as gl YO Sy, pelans dstrgily 05,8 0,L3l Sy, ytalS
b Lopa S 58 )ly 9 olulis Hazop asdlas

Ss75 )l hol @By pas 003l adlhes;ge wxly o
@l il plazs! oyl hsl By ol aSbuTsl culs
s S35 BN Sy Sl S92se hS lag )l
hShks gl sz b So cwls j5318 4 )L hsl s
Bg s 2 (sl L0 )50 (S LSy gl wad oo (g
30 gyeplil asl Sglaie Wlgh co s slagy lw jo (gl sl
s hlhdl By Glapinw & Gl S gl anass
gl dwg (ol 4 B Sl Joe e 52l 2 5 SL e
52l (3 SUylas aSLeTy L IVY] wigss ools iy 55 550
O 55 gl malS @ bgiye il 5 55em il el b
St Slp ) S LS mhe gSlas el Sl
@l SIL3 Ll slaay Jlos 5l oslenul b s, lasl Gibgs
sl S LS sl wha (pl b aie gy L o 5L e
Y 53938 b (15 o0 5500l el (65l A% 30 005 25 0
s sl SELSe mhae lier Fie 5 e bla>
Iv81 o557 ol 1, ESD giass

Esose b (1Y) LlKen 5 caw aF lasllas o
zhw e sl Lopa g Hazop sle g, 5l ool
sl @Sl Gt gl (2L
et sy losls plxil g lasl laoasS Jigels
g SSlo e b (b do e G el (Sl whaw

a5 0T oadosle Sas, 5l oloze b glaniline
Ul as ws ol ol o as as &l Y10 Jls o « bla>
ssbar &5 cl Sy 2Ll So (bl slaaY
sy 6T el e SIF LUlg nd (sl (5 ,mas o
2 530,50 PFD Wil go o ol oS das (5,051« 2bli>
slayhas SIUT 51 am wls o Ghgy onl a5 s 1) SIF
39s 03, ,I5 4 QRA L FTA ;| uw ¢ Hazop ale ussl,8
oty oCd iy olsie b oS sl jo [V)-YY]
2L 5 3850 (ohg, lgieas LOPA g, ol olISIL
o)l ¥ VE Jlo o i Byxe SIL (s g b ololis
plal glaslae o by axzl o sbli> slaay uds
B e¥eds ST 4 ey ol o cdS
Fee ohlby mebie i b Glp canad S ki
odddiwle dely uilS )8 wlulp ol asley @llowg !
20k S glol ix g58y (SBli> slaaY cnl 6ln
IYFT b o Jolis Lo 3edencSs o
oolaul £ab50 L AYAY Jlu )0 diegyd g lgael aslllas o
Sloolinal b Sligal 5L (3l (ol (2 S 536 595
E 5 eobaastin i jleslaiwl b lasl « ablas sy 5J6T i,
olaisl b o punn ol G s (6568 & guoty bl slaasY b
Er a5 il Jlixl 4 g5 Gl (56 gla Shas )
sla by S adgi axly 1o axlllas glaail ol fas xlad jad
LS LOPA 5y 4 Sy s 53l 8 5 S Sl
O 59) Ol @B Hgmin wiile (5t (SBli> slaaY ol
[E] Casl s 8590 9557, (59, Jlid Klis ceai
ol s e plis mlbio 0 ST pl 0 ) 51 ol gl
(SIL) gio! (K2 )lSe gl s sl (5 Il SCsSS
S glie 4 &Sl ped g el al S el plussige Lo

1FeY 5l o oyl )Y 090 «(gldd ) Cllilngy (pwdigo alxo Yyy


http://dx.doi.org/10.53208/JOHE.11.3.222
https://johe.umsha.ac.ir/article-1-957-en.html

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

[ DOI: 10.53208/JOHE.11.3.222 ]

S 5 4%

4 il panass el (Sl e 9l ez gl
ol 2 alo o b dlo e o 5y adl B s o
ol bl jolateds 0alanb sloalds o 31 ez il Gy
Solol BBy sl 0d adtie & o plxil Ol
Sez g0 yhax slags L gl (b al> 6 ;0 sulosls aras
el Solaie g 0l Sy G g b oy Al e o
pl8l Sy (bl s 55 0)kys ol o st Oloy po b ecnl b
@ ol SIS g (anadS o agh onl o e
ol o 5o gy 35S (5 2] 5 sl
gl ools gy 55 UL lag b s (a2 U

6310)..\5 L] ;&3
ST g e Olye b lasbiobly ) oide Jol> dllie 0l
S ;o cbli> slaasY 5JGT s Hazop Study b, 5l esliiwl b el
Sale 63550 gl 92l (plojSes axly (63,90 asllhae) o)l lall a3y
psle olS2ils Culam b oS cusl VE+ v Lo o 0yl wli S alaia o (CPF)
Olpae l dlie cpl GBaiass dewgepay ol oad Txl Hlaes S
il mlo g lo ok 5 s3llel, S8 0 o pimme GlSen plad g b
9 A ‘;A,JUa,a 6)516‘“‘? ) as ‘fs)\il Ql)ero*):)] 6‘.0.: u'M B é§|5 (OICO)
s 1y o8 g Sad Coles 50,55 fyd (SeS b 5l Liegh (glwoslel

2l 3Lai

RYIRY

SN Sl Yo

iy o0 S0 Jlasl e ol cd i pae Jolis DI OIS als o g
O 4S5 iy cpl Wiles S coley dllie ol jo ) (g5lwosls 5 Waosls
A ks L AF N0 &b s laes (San peke olRuls
el 00 g3 IRUMSHA.REC.1400.024

O A 99 o
OMS el 1pg0 odimsgiplBaeste gl ¢ sl saiun g ¢ Lidl ol
Aliwd Alie cpl pou odins g

S ol

el sati 23l s e ulom b dlia cnl (65918,5 Cg

REFERENCES

1. Zhou J, Reniers G. Analysis of emergency response
actions for preventing fire-induced domino effects based
on an approach of reversed fuzzy Petri-net. J Loss Prev
Process Ind. 2017; 47:169-73.
DOI:10.1016/).jIp.2017.03.011

2. Jafari MJ, Bahmani R, Pouyakian M, Khorshidi Behzadi
Y. Modeling the consequence of vinyl chloride accidental
release from tanks in a petrochemical plant. Occupl! Hyg
Health Promot. 2021;4(4):301-314.
DOI:10.18502/0hhp.v4i4.5443

3. CCPS. Guidelines for chemical process quantitative risk
analysis. Wiley. 2010. DOI:10.1002/9780470935422

4. Kerin T. The evolution of process safety standards and

legislation following landmark events what have we
learnt? Process Saf Prog. 2016; 35(2):165-170.

2 sl (S LS mhaws 1 50 g 050 0 B (510 000
oddie (fol (S gl L g patin 435,54 wly
ghb o5 0gd Jol> liebl b 05 o0 uld Sems; 2151 5
Ot Seny b)) 50 &5 (S LSa s jlenisle oS00
IYY] sl 00,8 oolil coesl ouis

3l eolaiwl b Lopa clalllas oy0gs poyley dsazgils 1) olgaciioy
@lolid 4 &5 (S ) Cu e g Jeloign 28 Slilllae plo b
Olgise wwelmlge plojls 3o (3l adsl slaslays, 5 oo
ey 50,8 ol |y sblim sloay Jlogay 25 asllhas g,
o)l g 9l gl yos a5z 55 gl (uliY Sleddey i
o 4 ol 53 JaS sl ol il S e o (i
448 il eyl Sl e ST o0 Slalllas adls] o
Sedss bgrye plebl Sl (pwiige o

o Lol )lge cnl 4 plgices (Aog% ol slacasgazme alex
4 oy Slp gl b ps¥ (Saalea (390 pokej N 1,5
Codgase Y g b esdljgiws doandl) Lo e I loe
08z (0590 S law (6,105 ,L wlelw) Loyo wsbels 4y g s
OIS i 51 80 g alale opl 4 (g3g05ma ol Bl Ladd
0,l,0 eadplxl J3ls sloyiagh ¢ Dldlas 35 dga0me .Y
aelbobl ggd9e

loled (585 a3 50 (e lagy b pled (g (nl )
Sl aaz gl 5)cnlil 0D (o) 2 abgrye o)kl B s
ol o iy 25 5l g s 2 sl o alo e
999 4l panads el (S2)LSs gl 4 09290 slag L
o o5 o Llod it sty > ,b sloads g2l Al ya o
el 00ls )13 5t w1 b alo e 4 ond s S LSS
lp oadanl sloasii (3T wargil gk ol ol
ST gl Gt 5 99790 Glog L plulid Sl
zhs SIL Design cis, j0 o o phdl lagy] & et
Splie a5 ol b aljo Slosles 4y bgy o oyl (S S
0yt ol Sz LS, mlaw SIL Actual b (5, Kot
5,0 as built slacds bl

DOI:10.1002/prs.11762

5. Khandan M, Koohpaei A, Jabari M, Vosoughi S. Risk
assessment of chemical processes using layer of
protection analysis (LOPA) method: case study in a
petrochemical unit's drum. Iran Saf Sci Technol J. 2015;
2(3):63-77. Link

6. Jafari MJ, Askarian AR, Omidi L, Lavasani MR, Taghavi
L, Ashori AR. The assessment of independent layers of
protection in gas sweetening towers of two gas refineries.
Saf Promot Inj Prev. 2014; 2(2):103-112.
DOI:10.22037/meipm.v2i2.7037

7. IRNA. Six killed, 2 injured in Tehran refinery Blaz. 2017.
Link

8. Alimohamdadi |, Jalilian M, Nadi M. Determination of
safety integrity level (SIL) using LOPA method in the

ey | VB 5l o o loud 1) 695 «(51ad > oy (swviigeo Aloxo


http://dx.doi.org/10.1016/j.jlp.2017.03.011
http://dx.doi.org/10.18502/ohhp.v4i4.5443
https://onlinelibrary.wiley.com/doi/book/10.1002/9780470935422
http://dx.doi.org/10.1002/prs.11762
https://www.magiran.com/p1451516
https://doi.org/10.22037/meipm.v2i2.7037
https://www.irna.ir/news/82710214/%D8%A2%D8%AA%D8%B4-%D8%B3%D9%88%D8%B2%DB%8C-%D8%AF%D8%B1-%D9%BE%D8%A7%D9%84%D8%A7%DB%8C%D8%B4%DA%AF%D8%A7%D9%87-%D9%86%D9%81%D8%AA-%D8%AA%D9%87%D8%B1%D8%A7%D9%86-6-%D9%83%D8%B4%D8%AA%D9%87-%D9%88-2-%D8%B2%D8%AE%D9%85%DB%8C-%D8%A8%D8%B1-%D8%AC%D8%A7%DB%8C-%DA%AF%D8%B0%D8%A7%D8%B4%D8%AA
http://dx.doi.org/10.53208/JOHE.11.3.222
https://johe.umsha.ac.ir/article-1-957-en.html

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

[ DOI: 10.53208/JOHE.11.3.222 ]

10.

11.

12.

13.

14.

15.

16.

17.

18.

emergency shutdown system (ESD) of hydrogen unit. Iran
J Health Saf Environ. 2014; 1(4):191-195. Link

Faisal I. Khan; S. A. Abbasi (2012); Techniques and
methodologies for risk analysis in chemical process
industries; Computer Aided Environmental Management
Unit; Centre for Pollution Control and Energy Technology;
Pondicherry University; Kalapet-605 014; Pondicherry;
India.

Summers A, VogtmannW, Smolen S. Improving
PHA/LOPA by consistent consequence severity
estimation. SIS-TECH Solutions; 12621 Featherwood Dr;
Suite 120 Houston; TX 77034; USA. 2013. Link

Marszal E, Scharpf EW. Safety integrity level selection —
systematic methods including layer of protection analysis.
The Instrumentation, Systems and Society (ISA). 2002.
Summers A, VogtmannW, Smolen S. Improving
PHA/LOPA by consistent consequence severity
estimation; SIS-TECH Solutions; 12621 Featherwood Dr;
Suite 120 Houston; TX 77034; USA. 2013. Link

Jahangiri M, Moghaddisi Kouchesarai A, Norouzi MA.
Management and risk assessment; Quantitative
assessment of risks in the process industry. Theran:
Fanavaran Publication. 2012. Link

Lee S, Chang D. Safety systems design of VOC recovery
process based on HAZOP and LOPA. Proc Saf Progr.
2014; 33(4):339-344. DOI:10.1002/prs. 11662

Cui L, Shu Y, Wang Z, Zhao J, Qiu T, Sun W, et al.
HASILT: An intelligent software platform for HAZOP,
LOPA, SRS and SIL verification. Reliabil Engineer Syst
Safe. 2012; 108: 56-64. DOI: 10.1016/j.ress.2012.06.014
Kotek L, Tabas M. HAZOP study with qualitative risk
analysis for prioritization of corrective and preventive
action. Procedia Engineering. 2012; 42:808-815. DOI:
10.1016/j.proeng.2012.07.473

Wang F, Gao J, Wang H. A new intelligent assistant
system for HAZOP analysis of complex process plant. J
Loss Prev Process Ind. 2012; 25(3):636-642.
DOI:10.1016/}.jIp.2012.02.001

Center for Chemical Process Safety. Guidelines for

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

initiating events and independent protection layers in
layer of protection analysis:  Wiley. 2015.
DOI:10.1002/9781118948743

Lajevardi SS« Jafari MJ« Mohammad fam |. Determining
safety integrity level on a hydrogen production unit with
application of the protection analysis method. J Safety
Promot Inj Prev. 2014; 2(1):23-30. Link

Rouvroye JL, Van Den Bliek EG. Comparing safety
analysis techniques. Reliabil Engineer Syst Safe. 2002;
75(3): 289-294. DOI:10.1016/S0951-8320(01)00116-8
Habibi E, Zare S, Keshavarzi M, Mousavi M, Yousefi HA.
The application of the layer of protection analysis (LOPA)
in sour water refinery process. Int J Environ Health Eng.
2013; 2(1):48. DOI:10.4103/2277-9183.122445

CCPS. Layer of protection analysis — simplified process
risk assessment. American Institute of Chemical
Enginners (AlChe), Centre for Chemical Process Safety
(CCPS). 2001. Link

Lajevardi SS, Jafari MJ, Mohammadfam |. Determining
safety integrity level on a hydrogen production unit with
application of the layers of protection analysis method. J
Saf Promot Inj Prev. 2014; 2(1):23-30. Link

Khan F, Rathnayaka S, Ahmed S. Methods and models in
process safety and risk management: past, present and
future. Process Saf Environ Prot. 2015; 98, 116-147,
DOI:10.1016/j.psep.2015.07.005

Jafari M, Lajevardi S, Mohammad Fam |[|. Semi
quantitative risk assessment of a hydrogen production
unit. Int J Occup Hyg. 2013; 5(3):101-108. Link

Omidvar M« Niroumand F. Safety assessment table of
ammonia charging tanks using method Fuzzy layer of
protective analysis (FLOPA) .J Occup Health Engineer.
2016; 2(4): 14-24. DOI:10.21859/johe-02043

Lassen CA. Layer of protection analysis (LOPA) for
determination of safety integrity level (SIL). The Norwegian
University of Science and Technology Department of
Production and Quality Engineering. 2016. Link

Nemati A« Ali Hosseini A« 3™ International Conference in
Qil gas« Refining and Petrochemicals 2016.

VEF 3l o ojloc 1) 6,98 «(5lad o Cuilingy (oaviigeo Aloxo TYE


https://www.academia.edu/82254328/Determination_of_Safety_Integrity_Level_SIL_using_LOPA_method_in_the_Emergency_Shutdown_System_ESD_of_hydrogen_unit
https://sis-tech.com/wp-content/uploads/2011/05/Consistent_Consequence_Severity_Estimation.pdf
https://sis-tech.com/wp-content/uploads/2011/05/Consistent_Consequence_Severity_Estimation.pdf
https://fanavaran-pub.ir/product/%D8%A7%D8%B1%D8%B2%DB%8C%D8%A7%D8%A8%DB%8C-%DA%A9%D9%85%DB%8C-%D8%B1%DB%8C%D8%B3%DA%A9-%D8%AF%D8%B1-%D8%B5%D9%86%D8%A7%DB%8C%D8%B9-%D9%81%D8%B1%D8%A7%DB%8C%D9%86%D8%AF%DB%8C-%D9%85%D8%AF%DB%8C%D8%B1/
http://dx.doi.org/10.1002/prs.11662
https://doi.org/10.1016/j.ress.2012.06.014
https://doi.org/10.1016/j.proeng.2012.07.473
https://doi.org/10.1016/j.proeng.2012.07.473
http://dx.doi.org/10.1016/j.jlp.2012.02.001
https://onlinelibrary.wiley.com/doi/book/10.1002/9781118948743
https://www.safetylit.org/citations/index.php?fuseaction=citations.viewdetails&citationIds%5b%5d=citjournalarticle_488510_8
http://dx.doi.org/10.1016/S0951-8320\(01\)00116-8
https://ijehe.mui.ac.ir/article_27163.html#:~:text=10.4103/2277%2D9183.122445
https://www.aiche.org/resources/publications/books/layer-protection-analysis-simplified-process-risk-assessment
https://www.safetylit.org/citations/index.php?fuseaction=citations.viewdetails&citationIds%5b%5d=citjournalarticle_488510_8
http://dx.doi.org/10.1016/j.psep.2015.07.005
https://ijoh.tums.ac.ir/index.php/ijoh/article/view/75
http://dx.doi.org/10.21859/johe-02043
https://www.scribd.com/document/659519416/Layer-of-Protection-Analysis-LOPA-for-Determination-of-Safety-Integrity-Level-SIL-Stud-Techn-Christopher-a-Lassen-Chrislas-Stud-ntnu
http://dx.doi.org/10.53208/JOHE.11.3.222
https://johe.umsha.ac.ir/article-1-957-en.html
http://www.tcpdf.org

