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ARTICLE INFO ABSTRACT

Article type In this study, fires in diesel storage tanks at power plants were analyzed as a primary event.
Res_earc}"AmCle Initially, the main causes of the event were identified and assessed using the Fault Tree Analysis
Article history (FTA) method. Subsequently, the potential consequences of the event were predicted through the
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Event Tree Analysis (ETA) technique. Finally, the incident pathway—from the cause phase to
the consequence phase—was illustrated and examined using the Bow Tie diagram. Moreover,

Available online: 2026.05.27 the most important control measures for preventing fuel tank fires and mitigating their

consequences were recommended in order of priority. In total, five main threats, along with 79
Keywords sub-causes and intermediate events, were found to contribute to fires in diesel storage tanks at
Risk Assessment power plants. Fifty-two control measures (barriers) were identified and proposed to prevent the
Fire occurrence of such fires. Additionally, five primary safety, economic, and environmental
Diesel Tanks consequences of tank fires were identified, and the most important control measures to mitigate

Control Measures these consequences were recommended. The analysis of the results and the illustrated diagrams

revealed that the most important control measures for preventing fires in diesel storage tanks, in
order of priority, are: the development and strict adherence to safety procedures, the provision of
necessary training, and regular maintenance and servicing. Moreover, the key measures for
mitigating the consequences of fuel tank fires include: enhancing fire suppression systems, timely
activation of existing fire suppression systems, prompt firefighting, conducting periodic drills,
and fuel replacement

Introduction

Diesel storage tanks in power plants, as one of the strategic components of the fuel supply system, play a
fundamental role in ensuring the continuity of electricity generation, particularly under emergency conditions,
during constraints on natural gas supply, and throughout periods of peak demand. By providing a reliable reserve
of fuel, these tanks enable the stable operation of power plants; consequently, their safety and reliability constitute
essential requirements for the safe and sustainable operation of power generation facilities [1]. Despite the
functional importance of these tanks, the storage of large quantities of diesel fuel, the flammable nature of the fuel,
the potential generation of flammable vapors, and the possibility of uncontrolled fuel release expose them to
hazards such as leakage, fire, and, under certain circumstances, explosion. In the event of a leak in the presence of
a suitable ignition source, a fire may spread rapidly and, in addition to causing economic losses, may result in the
interruption of electricity generation, damage to critical equipment, threats to personnel safety, and environmental
contamination [2]. An examination of reported incidents in the process industries and energy facilities indicates
that a considerable proportion of accidents associated with fuel storage tanks have resulted from equipment
deficiencies, human errors, inadequate maintenance, and ineffective control measures [3]. Accordingly, the
management of fire risk in diesel storage tanks has become one of the fundamental requirements of safety
management in power plants. Hazard identification, analysis of accident scenarios, assessment of fire development
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pathways, and implementation of effective control measures play a significant role in reducing the likelihood of
accidents, limiting their consequences, enhancing the resilience of power plants, and improving both safety and
environmental protection [4]. Despite adherence to design requirements, fires in diesel storage tanks continue to
be regarded as one of the major hazards in the oil, gas, and power generation industries. In many cases, the
simultaneous occurrence of several contributing factors may give rise to complex accident scenarios and increase
the severity of their consequences [5]. The Bow-Tie technique, through the integration of Fault Tree Analysis
(FTA) and Event Tree Analysis (ETA), provides an integrated framework for representing the relationships among
hazards, threats, the top event, control measures, and consequences. This feature enables the simultaneous
identification of critical pathways, assessment of the effectiveness of preventive and mitigative barriers, analysis
of accident escalation scenarios, and prioritisation of control measures [6]. Accordingly, the primary objective of
this study is to assess the fire risk associated with diesel storage tanks in the power plants of Mashhad using the
Bow-Tie technique; to identify the principal threats, intermediate events, control barriers, and accident
consequences; and, ultimately, to propose and prioritise effective control measures aimed at enhancing safety and
reducing fire risk.

Methodology

This study was applied in nature and was conducted using a descriptive—analytical approach, with the objective
of qualitatively assessing the fire risk associated with diesel storage tanks in power plants in the city of Mashhad
through the application of the Bow-Tie method. Initially, the required data were collected through field visits to
the diesel storage tanks of the power plants under study, examination of technical records and documentation,
operating procedures, accident and near-miss reports, safety procedures, and interviews with HSE, operations, and
maintenance experts. In addition, authoritative scientific sources and relevant standards concerning risk
management and process safety were consulted to supplement the collected information. Following the review of
the collected information and the conduct of expert sessions, the hazards associated with the diesel storage tanks
were identified. Subsequently, based on the frequency of occurrence, severity of consequences, and expert
judgement, tank fire was identified as one of the principal top events that could lead to undesirable consequences.
In the next stage, Fault Tree Analysis (FTA) was employed to identify all potential causes leading to the occurrence
of the top event and to organise them hierarchically. Following the determination of the top event, the potential
consequences resulting from its occurrence were examined using Event Tree Analysis (ETA). At this stage, the
performance or failure of the existing protection layers was assessed, and consequences such as a confined fire,
extensive fire, explosion, financial losses, injury to personnel, and environmental contamination were identified.
Upon completion of the Fault Tree and Event Tree analyses, the existing and proposed control barriers were
determined. Preventive barriers were identified with the aim of preventing the occurrence of the top event, whereas
mitigative barriers were identified with the aim of reducing the severity of the consequences of the accident. These
barriers were subsequently incorporated into the Bow-Tie diagram.

Results and Discussion

The results of the Fault Tree Analysis, Event Tree Analysis, and Bow-Tie modelling indicated that fires in
diesel storage tanks result from the interaction of a combination of technical, managerial, and human factors and
cannot be attributed to a single cause. Overall, five major threats, together with 79 underlying causes and
intermediate events, were identified as contributing to the occurrence of fires in diesel storage tanks at the power
plants. A total of 52 control measures were identified and proposed for preventing the occurrence of tank fires.
The principal threats comprised temperature rise, human factors, spark generation, the presence of flammable
vapours, and natural phenomena. These threats were identified through field inspections, examination of technical
documentation, analysis of hazard scenarios, and consensus among the risk assessment team. They were selected
as key threats because they encompassed all major pathways leading to the occurrence of the top event.
Furthermore, five major safety, economic, and environmental consequences arising from tank fires were identified,
and the most important control measures for mitigating these consequences were recommended. Examination of
the results and the Bow-Tie diagrams demonstrated that the principal control measures for preventing fires in
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diesel storage tanks, in order of priority, were the development and implementation of safety procedures, provision
of the necessary training, and periodic inspection, servicing, and maintenance. The principal measures for
mitigating the consequences of fires in fuel storage tanks included enhancement of fire-extinguishing systems,
timely activation of existing fire-extinguishing systems, prompt fire suppression, conducting periodic emergency
drills, and fuel switching.

Conclusion

This study employed a qualitative Bow-Tie analysis approach to assess fire scenarios involving diesel storage
tanks at a selected power plant as a case study. The results demonstrated that, by integrating Fault Tree Analysis
and Event Tree Analysis, this method enables the systematic identification of threats, the top event, consequences,
and control barriers, and can serve as an effective tool for supporting decision-making in process risk management.
Analysis of the accident pathways indicated that a considerable proportion of the intermediate events were
associated with human and managerial factors, including deficiencies in the implementation of safety procedures,
inadequate training, shortcomings in preventive maintenance programs, and insufficient supervision. This finding
was derived from the analysis of hazard scenarios, the frequency of intermediate events, and the judgement of the
expert team, and highlights the central role of human and managerial factors in the development and control of
risk. Furthermore, the application of engineering barriers, such as fixed fire-extinguishing systems, fire detection
and alarm systems, earthing and bonding systems, leak monitoring, and emergency response programs, plays an
important role in reducing the likelihood of accident occurrence or limiting the consequences of an incident.

References

[1] American Petroleum Institute. API Standard 650: Welded Tanks for Oil Storage. 13th ed. Washington, DC:
API; 2020

[2] National Fire Protection Association. NFPA 30: Flammable and Combustible Liquids Code. 2021 ed. Quincy
(MA): National Fire Protection Association; 2021.

[3] Center for Chemical Process Safety. Guidelines for Risk Based Process Safety. 2nd ed. Hoboken (NJ): John
Wiley & Sons; 2018.

[4] Center for Chemical Process Safety. Guidelines for Hazard Evaluation Procedures. 4th ed. Hoboken (NJ): John
Wiley & Sons; 2022.

[5] Mannan S, editor. Lees' Loss Prevention in the Process Industries: Hazard Identification, Assessment and
Control. 4th ed. Oxford: Butterworth-Heinemann; 2012.

[6] Centre for Chemical Process Safety (CCPS). Bow Ties in Risk Management: A Concept Book for Process
Safety. Hoboken (NJ): John Wiley & Sons; 2018.



(VF+0) Yo, lols I 090 (3l x| 9 & g

Yoo A-YEYA: le Lo Yoo A-FFYY 1 Sig sl L

Al 9 A g

Journal homepage: www.jfnc.ir

Ol 2 et et

&1, g Bow Tie oS b ageinn & 30 ol s Jig il o5k (g 5gm i T Sy 23]
ceslivo i lS g S ololudl

Tl o133 ol pogSii anile M guile a3 Ly phne

Oyl iyl e eodool S3T olEzils cnliio g pole amlg e s Janoms g ornels gulie (63,9l 0uSLasls o ; Jaumms o e (5550 (semiils

rezaee.hse@gmail.com : |

o8adls (lihon 5 pole g ey Lazms 5 real @lio «(555LAS 0aSIIS (Canyj apmo Szl yyko 09,5 st ¢ giano oy 95 1
Z.abedi123@iauacir : eyl ¢yl pl o) a5 oDl o131

Oyl e a5 e ool o131 olEiils w5 pgle 9y ey Jame g orabs @lis (55 ,5LES 0aSEIS cams ) Laamee o e 09,8 boliwl T
hani.nikoo@gmail.com : Jo!

Ol e a5 e ool o131 o8l «lidion g pgle 9oy oy Jame g orrs wolis (5,9l 0aSils ciny ) Lusee o ke 05,5 boliwl

Farzam.babaie@gmail.com : |..o;!

ouuSs s oledf

430 390 Shol o) G plyiear §n slaolSs i )3 39750 igilS (5l (sigm T andllas al 50 gy
. . . S s . Loy allie

w5 i)l 5 leled (ol sl 5500 He ot FTA (g, L syl a5 s y5bay <85 1,8 Lo e

30 g b i kol Sy, 5o 5l e Sl slasely ETA oSS 5l solatal b s 9 e 4,

el § O (g 2 g o La:._\.aL:.» )'E G JJ.: }lé )'\ asol> ).:....ABOW Tie P‘;bﬁ) }‘ solatwl b wl.g‘; VRO VY sl s ol

4 ol laasly alS § Co g 5w gigm (5T 5 g eSiun jekite 4 (J S Sleladl oy epe VEOL TV S5k &6

VEeO/ XY b pdy )b

s ol ol 8 va o @ | wags O S A deosi Coglyl ol S
2 Sl oy s o2 e VR ohen a4 Lol waes O ggexe o8 Cuglyl ool PeBiotlep il

iy Sqz (IS pladl 550 O oS atsls 2 G p slolSs s g3l ojle 559t Tse

2 armacenss 5 solail il hol ey B (i il sl 5 lolid 35m5T g3 S iao3lganls
o b b apogi Lol (alS jslaie ay () 2iS Sl agee 5 glolid (e 55T S S )
5305 6 Sty ssite ar (8 DLl iage 45 05 et o s 5 sligl Shs 5 @l &i;iﬁ
slobigel dhl (gl o Joadlygiws cole) 5 rgad sl le Cuglgl cud 5 4 J8g58 (y5lke 5o S el

035 S5m0 5T 51 (30 slaaaley (Rl Dol 0 froges izeo sloy90 (5515 5 gy 9 £5Y
Doz e 3, slabl sl gt oo Gl b (3 o slabl sl (]38l s Le S g
LBy sS 5 Sloysd s5ile )15 B BBge & SLabl

dodlo

2 ool 2B g el wlal (5300l (il ) (S lyiedr G Loy 53 JglE (slee 3 e

S o gl B s sl (sl 5 s 55 (el Cgasme vs ) ladl Lyl 55 055 ¢ S Sl (6551 st pols (e
5 sl oycnl 5l g Al ol 3 1) eolfs i 51 Il (550000 00 el (g radas 0,055 (3,5 wal 8 L (5 ()
65,5 ee canl 0925 b [V g, o e 4 G0 sloolSy 1 b g creal (5,19 0 st (awliol SLal 3l 5l agyT licalol culils
bl Jloxl g Jlazal JE ol sy oSl wesge Jlsl BB cosle (JSl5 ok o 02538 (il 0!

Cite This Paper: o ol a4y B¢l

Rezaei, Meysam., Abedi, Zahra., Nikoomaram, Hanieh., & Babaei, Farzam. (2026). Fire Risk Assessment of Diesel
Fuel Storage Tanks in Mashhad Power Plants Using the Bow-Tie Technique and the Development of ®
Appropriate  Control and  Mitigation ~Measures. Fuel and  Combustion, 19 (2), 1-19. @
http//doi.org/10.22034/jfnc.2026.579816.1458 (In Persian) BY _NC

© The author(s) retain the copyright. Publisher: Iranian Combustion Institute (ICI).
f




o b el B2 W09 5 g3l oy 3o (539w T Smmy (235

E85 D30y w3 o0 yl8 Jlrl lulyd (B 50 5 s T et i Shbbre oy o |y lagl oS g st ]S
Sy B g golandl Slilus e g adly by Cs pusty Wil so (555 15T elin JLiil gie 929 5 ot
BolSy y )0 g 0035 3l [V ]ogs canjlame Sogdl § (LS sl oy (Sl Sl 4 el GGy
S0 Sl Sl 2ye S gm 05055 ISl b Wi g (b Vo slacd,l b g S bl (il 508 Ypane
oo libiwl Slelill Gollas o (ol g 65055 5 6ol po st «Sbe (b g, 0nlil 0 mal B, 0l8g 15 yetns
DV IS s o g ey ailobis licalol colls Laulidl § 550 Sl g589 Jloi] 2alS |5 (loaisS psd 2k o ol g 30
O3B b Las e Soly> 5l ez i B (i 45 ams g i (65,51 Sl 5 s0015 mlio 10 0ati 21T Salso (gu)
Y e oo IS Slaladl sawl ST 5 (6,005 8 Gind o Sladl slallas (Sligas a5l 5b g (g 3lwo pd
G SelSgy el Co e gl S So 4 S35 (silwe 53 (3loe 50 (Gigm il Sy S e cg,0]
S Sl Ll g s5em ST £y slo e 2b,] ol slagy s Julos ol ble slolids .Canl oo s
5 ol s Gl 5 WelSg e ()Tl Gl daasly (g3lusgaos woly> gs8s Jlaio| 1alS )0 cage SR i5e
LFlass oo byl o jlanmme j clslas
NFPA API Standard 650 alo> ;l joxs slao laibawl Olll cole ) pilins J5935 (g3lwo juzd 30 reul ()b
blis ) JyS st Glapin (slojle (b qllas caslie ol Jols Slelyll ¢l ool NFPA 850 430
lols gy glibl 5 2iS glaaibls oot g pslaaz sloazds wislo pln o Cblir (e Jlail (F3,55 2l 5
oRelS 1) ol g8y Jlotal SLalill cnl Cule; sl )15 5 (o y3k plaie loasl plonil 5 jlone Sl 5l Cren
koo 35 300 5 (S 5m T E985 (b DLl e, [0]iS o (65T sl ()T 355 Sl ol 90 S50 0 500l
slagt)lF g Slalllas () 090 o0 Cgmine 32 ooy o 515 ki oo Blybls o Spge 5| (o lizmes J598
sl oz Sl o3 Jale I (slacgome aiSon Jol> Ysame 3l (ol (§39m ST 45 a3 g (i Sly>
g 7SI a5 ¢ Jlis lie 0529 Jlisl BB S ol S (E5gu S 44 g5 00 (559m 08T Szl else (2 o
505 o)lal Glul slallaz g ()l 5 et Sllas ;0 hnd (350 oy m o 5395 (Dl (s delo (o SLe
1Plogd o laaaly wads (lidl 5 ol oazy slag s (6.5 IS jloaie) Jale wiz lojon €585 )5 51 (65
Db S & ymie Wil co a5 gad S9ame (35e (S ge 4 LS JSglE (53lue 33 (i 50 (55wt (slaaly
5 Sbyks slaoan VT Laml (LS & el (3 ados ibes (solatdl o0 s Sl lus sl «jglne Slpngas 4 3T
g ool LialS 1) 5y odes Al liebl CollB Wl o Sole> iz £589 «nl p edle 05l g2 5 T (S Sl
eyl sl 4l ol yon & aecns ) Shles oo 5 Slawwl (5Lojb Ol i jond slp |y stz 95 BB sloai o
Sl w3l e (58 el il g ol> anng Gl seas el (gipm T sl Jelse 33 alulis
035 53 (S55miT Slos b (S a5 L Flog oo e 30 ool s 10 Sy e g (ol S oo
ailghy &5 alaghy) 5l eoliiwl olsa dnugi g ol ;o (L pae g Gluil (2 Jslge plojen (2 g 3955 (53lwo a3
Sloy Comal 5haies Guled az ) LSh &g 1) dol gboasly 5 (JyuS Sleladl o Sl sbaslays, (Jle b bLS
9 = 5o Jelos gy 3l b oS Sl Bows Tie SisSS aia cnl ) oadans ity sla by, 5 (ol 19,95 5

! Fault Tree Analysis (FTA)



5 (F+0) Y 0 louis I 0,93 o3l il 9 CS gun bl 15,8 ol yosSes aile cguule 1585« SLS 5 wiwe

b)) ey DS Sl g sblis sleay cisu il ol g9y oo yas ololid pod ( olayg, c s Julos
oo By Sy Co e (sl 0908 b ol 5 5 (oo G s mlis 3 (g Cnl (IS (red 4 0iS
35S oo 5l )8 oolainl 550

(5 el & ol ] el (1o a5 93 oo 3] led b Condy cqio 4 0, ble Bow-Tie Joo ,
0, o S 58, Cewd I el aiilgl oo 4 09 oo a8 alge r,\.g%,‘i asb plesle sl ol b s jlame
Slagg, sl anals aswe b o o Sladl ¢ 8 Lice ol Sio lge onl oS 52T 1, atulss b olayg, g489 5 oo
O e sy ol lesls ) e ol slaaly Ll wsyse Cews 5l o,blbie y JyuS o] e a8 ol glabas | Lo
Slagg, e oo oS5 |y Bow-Tie sl Lol atwns 5 aiS o asein 1) o] 51 56 slossly 5 aol> casSolx! Jle
Wol> g3y Jlaiol 5 4585 5 5 p5me g 5 Loy (et e o 45 055 g0 4238 slabay Ll b sl & s
i3S o Lyl ol (G0 i Anmagi 53 gotpn GRS 5 0032 gl e wiz oS 5 Jolo Vo ol ol kins oo 1331
ol slaugy 589 5l (s S el Bua L aS 0eh oo 3] 0 o Codled b asleles g pladl jo 4 1‘5,_|9La_> LY L &b
b el 5 g o ol sl g58s 51 o8 6T 5 s & Vsl 355 12l 5 b ol (sloaely as rals L
i i 4 ] ((Jlo Ol Sludl Slals ol asilgs o baasly (pl 05 0 3! obla> slaayY cunsls
w,blbe e Ll by Liales ;o Bow-Tie colils 4 am g5 b [V]asl Gallasls BT plo 5 cony jlae Sl s
Syl g Gl ol poz,lr S5 Gl dassly 5 (J5S Else (Gl laolug, ws)se Sl dasuags
w23 ) (IS bl gancaglsl s Gl bl lulids ISl 5 wiS' oo 0818 J39515" (53l 3 (3100 5 (5595 ]
[#]s5l0 o0

Bup 4y 4zl b Sy yp oS wlaidh anwgd ganld mlio )0 Sy Copoe g @l (alobid ln goase sla b,
b s, cnl ool aes 5l axtus 93 ols slacusgume 5 okl lls «Julos mlaw g boosls g5 caslllas
4l coale pogdle cawlin g, bl oS o Lil Bow-Tie g Sy, (o yile LOPA FMEA HAZOP & g5 o
O poabarslis il (So HAZOP iS5 [A] ool il 525 el (512 5l 8,90 Slidj b 5 gy Slanl o bl g5
5 bl ol 5o Base 5 el Olble g585 ogill Jle e 5 sl ol plulid gl snepllss slags,
sl (Jle gl LU HAZOP (ol bbre glulis )3 Ay (ol Vb (oUlg 3929 L w0jls 05 aasl b (5550
a5 (5l b 41 oas Sl dng s Jelon (5l 5 W00 md Gieled 4 g0 |y Sl slanely 5 Sl
Sl sl e ol (ol o Sl s g Sl ols oVl olulid p 3 005 b i FMEA g, [a]sls 5L
e (Kl 5935 g0 oy |y 95in (slizl 2> Bame 29, ol (U (ol b 298 g0 gmeone Sliagas lisall il
LOPA g, [V Jamo coi lis JulS joboas 1) diol> odumms (slags jliw anwgi g Sllee Lul b «ljgos ¢ Slusl Jolge

oyl ai el Bl dngs (LSS S8 SLaladl @ LS et g Jiae iblis slaaY ColiS b5, Gaa b

! Event Tree Analysis (ETA)
% Hazard

* Threat

“Top Event

’ Intermediate Event

¢ Barrier

7 Consequence



v b el B2 W09 5 g3l oy 3o (539w T Smmy (235

(S 970 Mgy o and Gle Lally) (S pgad Giales Lale)lo (slos S 0 )57 Sblis slaary ColiS 0)b)8 (6 S o )
435 15 4 HAZOP aile Sl plxl 51 ‘)/w g 0g oo wgma ] Lol slacalls 5l dsl> slansly &lge
Gl mbio o S @b slo)lnl sl 51 (S dyzl (Sole s 4 Sy il 05 5 D \]‘)5*5%5"
dnnsgl (slo st Jsles 5 oo Lly; Jolowd a0l 5w e Jos ey ot g Jlanl 95T a2 (29, ol el e
g (§5lwo S 3le (6 5m i T ale sloduzmy ol (gl ol )0 s sbla> slaaY  isu Sl g dol>
S5 o Jlie 4o JA] S wal 3 0o S e sl B Ol Wlg o olia S, syl ) solitul
s ol Glee bLI Gioles sl 4z )LS6 o9zl gy <30 Julod g e oo yo Judog bg, (3.4 L Bow-Tie
Wl Sty @lpe (25051 2b5)l S b e (lolid OISl Sy nl S (o0 wal 8 el 9 (J iS5 pladl Lol sl
il ol diluoe @l S lejen Djygon 1) (JymS Sl gancaglsl 5 Aol arwgs slagy )b Sl (2alS
st HSE laasie 5 )l 040 bl )5 ey ppa slys |y aiols lagy i yigs o5 po Bow-Tie _S8lS 29,5
Jolge aloles Byo rmghy ol Bum Sl 4 azgi b V] atsn o sgmt |, Sy Cu e ) (6T el 918 5035
@lp ocuglyl (JyuS Slladl @)l 5 bl slaaY o) @ol> 58y (sloyane Jelow aSly w0355 (555m 8T ol
ey Slaala oltws sl by, o el Glgieas Bow-Tie Seass e G sloolS'g 1 J5935 5lwe 25 (515
Ml (g5lopal B 5 J5S wlse qalr Jolod (el s55m i3] ol 5 boogags (lulids ol g, ol i Slocl
S oo w8 5 ) (Mol Claldl gana gl sl ke o0

S g 0,35 e )3 il g (Siam T Sl asmre Sy Julod Coz S (pdmg 40 ) Ses g 05l 4l
2P I8 Ollas Wlg co S 3 10 S g 3l e (g5lwo B8 wBs e s Gadod adols &1l (Gl S5
gl 45w e Lt g ool Wmoa¥T il o kil ocg e T Al 1 il A5 Canyjhase 5 eyl 6l
S AL o 55 (e slanze STl p3Y aSl 0gb sgaze (el sladsly 4 Lo WS S g 035 (ke S
5 b g Sldes adllae (S 5 gy (o 50 OSes 5 5L il VYIS 18 ) 0500 gl oz >
oS ams oo Gl aalllas @l W0 S (s ES g 0258 Gilbe g Jlie 5 50 Sy Jubos sl 1) Uas 20 2L
W 4 AilgS oo &S 39 ge (U ESgu (B3 5l S (n iy g aed L G Felis SS g ald35l 605 )L 3l
2 opdle FTA g HAZOP 1S 55 3,55, 5l ool a5 smo o Lt (ighy (nl 05 (st daads slasaly 5 (6595851
2 OSen 5 pb S5 [NYTatS o mal3 1) s Slaladl y slaia; Jalse (sanaglyl oSl oSl bl oLl s
S5 il (555t 45 S se (LA 5 31 e 3 03 Sy il 1 (555 BT HEE) (o) 4 (ioy
el 380 Jolow comal (el nl9sb i (Sl i wad Gl el s (25T S5 4 il oo
(bliz slaay (Hhb oS conl O] Sl 5 ses oo Gl 1) S g 0038 (3l o T 5 2S Glogy liw 5 )~
Sl o 56 s Sl JolS o (25T Sl (28,5 S5 o b sl (S8 ol g 5 > slabl slaailel
C g (3l ST ()l S8y 2 e 8 Il ey (cig 53 lSen g 4 galzle 905, [V Flaga el
s Alad ol g (ciole S Sy (B £ 5 00 e sha8 Al L a5 e e Lt S S3le oo (iR 9 JS938)

20 5L slod 45 0l Lt e (piored A (§ 90 (il OIS g i1 o ot slp el )b ol g oS e

! Hazard and Operability Study (HAZOP)



A (F+0) Y 0 louis I 0,93 o3l il 9 CS gun bl 15,8 ol yosSes aile cguule 1585« SLS 5 wiwe

Olets gy ool ams (l3EI 1 el (b 4 (15T (o ez il e Dglite Ol 558 g 5555 (3l (03
A (59w )l sl o e udS Julse SllaT J ohigas o3l (i sl Sy 45 o
o301 51 syl S Sleladl g 0aiS (it glaailobus ooyl uolgd b cigas 05053 oyile Sy, i) 5 850005
OSen 5 ooz [yny [N0]s 5 )18 s 385 jobas ol o3l & o (oS Jleiil 5 (Sl 6 » G35
Gl ! e a5 L 1) Bow-Tie (b9, 45 awo g0 a5l)] i 0,053 (5l slpp Say Jelow il g5 ooz jlar (tgly 5o
oills glaaslyy 5 Lodgogs sy oo esly Joo oyl s alol (65 5ads Julow Slkas oralasli cloools L i oS e
slol> oS ;) (2al5 slp (Su e Glacs S premal 350 5 Wgd GauZuglyl 5 (plalid o SS9 (55l u3d
I, Bow-Tie sbww] Judoo 515 Covgasms wilsd oo (65w e L Bow-Tie oS 55 a5 aoo oo Lis Jidghy (pl g o0l )3
O3 Sy g Fadlindly 5 Slig o)l wanbd pas Capos § SVl glis ol 5l 6 pSo e by 0o S )by
Loosags oiasll 5 ol 1o oS 5 oo 5l oolias] Copanl canllins ol sloazily ams &l Cibgus (gjlasesd
39 0l g 08l 5k suS NVFLAsS o 0l 1) (o e (6 S oaomas | Sl g bla> slaaY asu 5l b))
6955 O3l sl el Elge g lasely dasuags plalid sl | Bow-Tie 5 jlas g Sllee aslllae 5l oS 5 (209
0,509y S (o0 s 1) oaialS g Al Sty @lge (0550 55l (LD il osliiwl b g S oe ) e SIS 0 23S
Gl a5 wad oo (Lt gl (ul 09 ploxil b g 558 (Sllee ougey Ll o S Jelod 09b oo 2ol (oS 5
ooyags Sbgy anugsl bgos S Bk n ) bawl o Jlow Casgaoms wlsi oo 556 (5Lt 4t § Bow-Tie HAZOP
2y 58 Oe 5 LS [ V]aes (Il Sllas osnzen Ll 0 1) Sy (sl o (ibili> slaaY 5 laaaly
230500 S 552 S pinil 0,253 (3l5e el Slkae (51§55 T Sy e s o (s3liseoly 5 a4
els Slaladl aslio g Glas S gloan 57 b))l e Selatnan Sy Gladalos 5 slacgoms a5 dos oo GLAS b
Sl icmlio 6,185 alols ol s o3l il (nl 052 i S50 S lag il il Gl 4 Wiy o0 S
Dol 5 Ggm il gsdy Jleiol S itie jaboay o5 Censl eaisSinlon (5l ksl (slo 1Sy g o Jaiie Chili> 0aiiS (hgels
Cope sln |y 0,Shes (e Sy S e s Sl ooliiul Sl Raghy (nl wims e 225 ) T slanaly
oSl o i Ll ool s By 0yl S ol Gl a8 S o iy 5 90 oo (Lt Egs 0,558 33500 st
2 Ol 5 Slga Sl [VAlo S 050 goliatil a5 Sy (20l (i (28 (il Glajon L) 42k 2
D30 g 0258 Gilre 55 adsl g sl s B L T eakiS (5els b (5590555 5 Ang 4 (Lo
o5 cpinns haloys 5 3] GRS b Wlgion oo aeesl 5 Wle Sl slojBtodan 5,55 aSums go Gl il
(s ST o5 (55 5T gl Jole 5 doguasin ans 20l 1y ()l slanely 5 00,5 5olisS 1) (23T (gels
Olsar Wlgi oo 1 (2 S35 (e Baym bl b slaailelas Sl osliinl oS sas o LiS gy (ul i g
5 oSl DALl cs g 053 sl adsl slacssom il g S5 58 ootpn G55 onials’ bili> 4Y
1) o3 oo slo T (3,5 Gagals 55 SLtiisT slapsd elysl (oIS (b 5 (alojl jsbots gty 5 o Son

seé‘.) u«.}‘,ﬁ‘ |) é’)} LgLQ.Io‘ Mf‘ ;).:‘9.;‘50 Lmu—l wLA&}J\_)LM‘S Lhr:}e MJJ: JMQ‘SO ULMJ CJL.J AJLSQ s

! Bayesian Network
2 Mitigative Barrier



) b el B2 W09 5 g3l oy 3o (539w T Smmy (235

el 5 Sl O lae Jelos (gl i ol 05T (a1 (5T saome s jpalads Jlaza 5 ams el (sels o
Teree Pk g pd clie g9 DU AT wad oo Gl gl (alCel (63 )5 s (& (e )3 po8 Slapians
ol S g 0255 (il (555 ST Sy S 0 oaialS (sblis sl G et 5] S e slibl ailel
€889 9 B> U yS Jliol Wilgi oo e o jgalads Sl S ol g (5l (B S (g5l Ghgals e s 38
I¥-lass als 4z B jobes 1) (25kess S
S5 5 s (e S e Sy ) e 5 (g9t Dl 4,51 48 ol LS ey Sallas 45,0
00 yuiiin Slalllas sdee jiow 0,10 3szg 059> oul jo &u‘)l} 59 Lol ezl ool plxil (gun] 3 aslio o Bow-Tie o,
ol Jelod & jeS 5 wilodgy S pate (SELL Ay, Sladue drwgi b sl slagy )l (&S Jlod ol bl olabis
siepllas BL3 | iy Gl 5 ol 50 comiot Ity G sloolS's 8 53 J9il8 (53lue 58 (50 (559 15T
LIl saaslsl 5 0oii sy 42 LSS & oy alols glanaly 5 cblis slaas ¢ slos slaslys, daauags b
WS (oo (I ol gy cpmlnl 0l sl 4283 plnil Bow-Tiie Jolows sl Lzl mlis (slie 5 55 58
J553lE (3l 3 ilie (92T Sy 2l 5o Bow-Tie SuSs 6,5 S bl sale 35 el 51 oy
Elso (Sl sloolg, e ol slays,y dassags o blbre plwlid Gas adlllas (ul )0 035 B3k s agie 32 sloolSy s
2 IS Sleladl 5 ouds Jlow paranio Joo Sy B o Bzl oo L3251 slasoly 5 (2l g il Sy
Jel (sl Bow-Tie SiSs wiepllis 0,015 )0 (gl cnl $osls sdon sincuslsl Sy Jeloss 5| ol s ol
bl ol g8y gl yos andly Ll gl sl i sloolSs i 55 S35 (s5lwe ™S 3lee S5m0t syl
anlllas 3550 loolS'g i (513 0 Lol b ceiliia (J S wleladl (oo gl sl (252)lr Sl 5 S5 (JS Gy
Olpoe 553,50 6028 DMkl wly oo islr ds g Glo s 5| @olz G pg—ai al)l p ogdle 3 ,Sug; Gl o]
ol (bl B bl Gl 33l ool 3 Sty (2l aie 10 (6 S el ST |y o895 Ol )1 o e 9 HSE (lanasets
Bow-Tie S5 | ool b dg—iie 3 sloelS'sd Jdg3l8 (55lmsopesd (35 (655w i Sy 23] c0sl
S Sleladl ancadsl g Sl coles jo g sl glassly 5 (IS @lse (Sl slaslag) dassaes (St bl
Gl 3 S (53l e3d ()3l el Sl 4 az g b sl (655 T Sy 10l 5 (sl (6l sl S5
Sy S o Gl danogi yy 09dle Wl (havgly cnl gl 090 ST (5 jgm siS] ol 0028 (glavaly 5 5,0 oy
S S o A T3 Sl )] g Bli> sleasY (i il al3El ¢ ol S e glaasliy S5us (sl il 155l @l o

25l w2l 8 3y slrelSs 5o

wlbd (99,
055 G3re S T Sy (RS 23y Baa L5 o plowl o= s 9 505, b g 60,08 g5 5l s ol
sandil &b 5l s e Sledlbl bl jo .0l (>1,b Bow-Tie (b, jl ooliial b agie 502 350 sloolSg i o Jdgsl8
S (sl po e sladodllygtws (8 Slaiius 5 S e (o) aslllan 390 lolSg 8 J5938 (b 5l (Slas
Oeien Wb (6 pslanz Dlyeasi 5 5500 e HSE Lol 5 b amlas 5 oyl sloJosdlgins colymans 5 S0l
i85 18 oslitl 890 Dbl JaSS jolareds il b (el g Stan; Co oo b la e slasjlailinl 5 pone cele il



\ (F+0) Y 0 louis I 0,93 o3l il 9 CS gun bl 15,8 ol yosSes aile cguule 1585« SLS 5 wiwe

REER W L:Lwl.».w J_.jﬁ)L? o).».’>»> U)L?M Lt .[a.».s).c Q‘)JOL?M ¢L;»L~»A)L§ QLN.[} LS)‘;)" 9 owé)jié‘o? Sl ey )‘ o
Wlg3 0 45 o sheol (slaolag ) 51 (o Glgieds o3 (9w (T8 53 a5 g lasely s £535 Slsl8 bl 3 v
ol Je olos dlas i jo Jodow g, 5l oolaiwl b camy alo o j0 0l plolid gl aiulgsl slaauly 59 4 s
b Jlaimt gloanly (Lol slaygy s 3l s il 20 lejle ool malide Ojgod § olulis Lol olayg, 434
sy o Slee pac b o,Shae wl>yo cpl [0 08,5 J18 w8590 Sy, E3 50 Judog by, 5l eolatul b £98s 5
ULS)[S LY w.u—‘ s‘;Lo g_J|)L.~.> UL?UU‘ sob)l'.“j 6)9”’0’“4—‘ W gicte L;)}wwj )aJa.) &LQML».J 9 W) D s e o ‘f.'oLn}
wlolis dol> slaasly wad el Gas b cauals alee 5 Lol slaygy £935 5 (6,8 9l> Baa L il L Kioy ailge i
OUSH o9l 06,1055 g (owy3b (e oo Dloladl falis &lgo ol wias Sleil> Bow-Tie jloges ,o 5
Jlos 5l Jeols s pleol b cam al> 1o 50 000080 (5 )L ksl Lyl 1y iiSTy sladal g 3,0 slabl g Mol slopinns
A o 5 Bow Tie XPjl38le 5 5l oolainl b o (590, (gl 0 Bow-Tie loges wlayg, <0 Judow g s oo o
dassags lw sthie bLI )l 95,5 adg |, Bow-Tie 5l jlogei ETA g FTA ;| Jol> muls g5lwaz LSS L 580 5 0yl
) 6ol 585 Sln s 331 JlS gy Sl 35 sy SIS el bli (slaarY 5 loasky Lol sl
Jelog 28,5 18 solatul 5,590 (Dol Slaladl (3505 ¢ gias] piwn cans blas oluliss woaials 5 4l Kty &ilge colas
bl 2 bl 3 sl plonl (B 23 g gl o (caast Sglad g )lidle s LS sudadyi laloged Gulul » (ol
Ol glasy ) e zals b B o lag] i 4 ax g b olping (JyuS Sleladl Bow-Tie Jdov 5l Jol> s
Slass o8 s Hlas a4y 61 L (gancaglgl (pl iad gancaglgl Jliol slaasly o juals 5 ail ) iy &ilge oiw)il

A bl Sy Grals o pladl jo oisy S e 5 )l,S6

L35l 0yg0 diged (B yro
5 0351 (reeb I gl (ol co s o8 el (g5 b 5 s s pS e ol 3 o5 ez I ke 00
Bas & 429 b agd oo oolital Dgile )lge (B 50 9 SS9l ol e slacS g I Slibes b platiy S)las sl
56)‘0)30)% L.gLQM—‘)s 9 ‘5».9 Slasiwo =\:J9| r )‘ o W) Sgde J‘ch)Lf or>o Q)LZA L :LSJ..o daxdllaoe asls ‘uﬁ.bs).\
Pl el g3k Bilgas 5 (58 DleMbol 4y oo iws Jolds Sl (sl jlre ol SLl (6090 anlllae Glgieas oSy, S
Luls g gjlwe,msd 0l )b (3w g5 Ll 5l og easles g HSE 3 (5,08 e slaaly 5,5 Sl slasssl
byl i 5l g 009 Coli chliw b (6315 g9 5 anlllan 850 ()il 39 oy 2 3590 SOy S ple b S gl 000
i gus 8L 50 Sldae aily Cgplice 35w plo b (5,10 e 00 Sl 5 Lol Sl wd g Jlasl g il 0 ol )3
el SlasSe o] o o g g ge ool gl boglas 5 JUit] slaeeny «Siuosll (soKas cslool> (sla Sl 5,k |
izad 250 Jlael Slles o orllysims Cule, 5 SVl )il Jlidl mlio J,0S gy0e5 Sis)l dlox
ol s K] ailales ¢ Bl oJgr0 e3> slibsl 5 pdlel (slapiaas Lol 05290 sios) (sloailales ooyjlie ot Slakine
5 s5lee Sl 31 alold ¢ LA 25T Sl gms i bt ploile 5 aime la S ol yanay wgzrge (J5S @lge
5| ol ool Mol Sl 1 sg2se IS wlye 45 sl 53 4 ¥ b Bl Ll 5 ecslphs] sl pene
Cebild g ol pndd (69,90 dxlllae G gzl 0 addlas )l s gy cplil loads SIS LolST gloay Bow-Tie Jlos



" o b Moo (3 SB0SG 5 S35 (330 (6 9m T Smm s (b3

e Glo Sins s (6 luo 5 slaailols 5 (6,15 0 200 dasl 3 (28 Slaseion JLi 51 a8 3,15 1) laolSy 1 (sl oxliul

S92 g0 (il (S Wlasine - Jgua
Table 1- Technical specifications of the available tanks
Tank Material and type of Capacity of the tank Fixed foam Cooling system Fire hydrant Dike wall
number the tank system
1 Metal fixed-roof 10 million liters Manual Available foam Available
2 Metal fixed-roof 10 million liters Manual Available foam Available
3 Metal fixed-roof 15 million liters Automatic Available Water Available
4 Metal fixed-roof 15 million liters Automatic Available Water Available
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Figure 1- Bow-Tie Diagram of Fuel Storage Tank Fire
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Figure 2- Diagram of the Causes of Temperature Increase in Fuel Storage Tanks
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Figure 3- Diagram of the Causes of Human Factors Occurrence
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Figure 4. Diagram of the Causes of Spark Generation
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Figure 5- Diagram of the Causes of the Presence of Flammable Vapors
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Figure 6- Diagram of the Causes of Natural Phenomena
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Table 2- Control Measures for Preventing the Occurrence of Each Threat
Priority Threat Barrier Number of Measures
1 Temperature Increase Training 3
Periodic Maintenance
Development of Guidelines
Compliance with Safety Guidelines
Removal of Dry Grass
Use of Cooling System
Timely Replacement of Components
Procurement of High-Quality Materials
2 Human Factors Training
Development of Guidelines
Monitoring and Control
Work Permit
Budget Allocation
Equipment Procurement
Passive Defense
3 Spark Generation Development of Guidelines
Work Permit
Equipment Procurement
Training
Grounding System Inspection
Use of Anti-Static Clothing
4 Presence of Flammable Vapors Periodic Maintenance
Training
Development of Guidelines
Compliance with Safety Guidelines
Removal of Dry Grass
Timely Replacement of Components
Filter Installation
Use of Cooling System
Procurement of High-Quality Materials
5 Natural Phenomena Lightning Rod Installation
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