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Abstract

Background and Objective: Due to the scope and volume of activities, the petrochemical industry has
a high potential risk to humans and the environment. This study aimed to evaluate and rank the health,
safety and environmental risks caused by the ammonia and urea production process.

Material and Methodology: The Preliminary Hazard Analysis (PHA) method was used for qualitative
risk analysis and screening of the health, safety and environmental risks identified in the follow-up
phase. The severity and probability of occurrence of risk factors were calculated using PHA tables, and

the level of risks was determined. To rank the final risks, the criteria “severity,” “probability of

99 <c

occurrence,” “probability of detection,” and the “extent of contamination” for environmental aspects

EEINT3 EEINA3

and the criteria “severity,” “probability of occurrence,” “probability of detection,” and the “exposure”
were first weighed by the fuzzy Shannon entropy method. Then, each risk was prioritized based on the
mentioned criteria and using fuzzy Weighted Aggregated Sum Product Assessment (WASPAS).
Findings: According to the results, among 24 environmental aspects, CO2 emissions from the disposal
tower with a value of 0.702 and among the 36 safety and health risks, falling from a height with a value
of 0.713 have the highest score.

Discussion and Conclusion: Finally, suggestions were made to correct and mitigate the high-level
risks. Also, the research results showed that using the multi-criteria decision-making technique in the
fuzzy environment increases the study’s accuracy and facilitates access to the knowledge of experts.

Key words: Risk assessment, Fuzzy WASPAS Technique, Fuzzy Shannon Entropy, Petrochemical.
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Figure 1. Petrochemical risk assessment implementation process
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Table 1. Risk management criteria by PHA method
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Table 2. Verbal expressions and fuzzy numbers for ranking the alternatives
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Table 3. Significant risks in ammenia and urea units obtained from screening with the PHA method

Sty Ty

o

S T

Corm

{o S My ST b Bl 33

la Saall

4 ’

{ oo &5 hmumu.h»wvhqrs.r_:um W e

lgp Fopl | 5 00 Slipdl sjis | S SLpd 8 Lot | 1F I3 Sy et A B e e | Y
s S L eyl b 41 S5 S g ey 457 |12 e o gp By o 38 ) OO iz 112 QO 2| ¥
S F | el I pa el iaa COL s | 17 < Sy o 35§ CO: gjhiz 2 SMDEA 22 | #
i pe lpp ol s o e 5 001y Sl o |1 p S| (50X NOx CO 0O ) Jizsl said oy | 2 M
Tl | ol s el g oy OO0 St cats | 1A S5 Fsgl 1 gl Ssyl L p Sglf gz, | 2] &
gl LTy R e gadpaal I Fogl | et Sl agl iy Bl ol e et Sl 20| Y m.
sa Fagl | LR i ol e g sl gt | Wl el 15 gy agua &y ¥ Lo il 5] oy g 3 [ A m
! gl l tsa e SilsS loaet dlge 2 g 2y, | T s ot Jiow g J Sligal 3 i | A
A S e Sy Segu g | Y Caded s o Sl i | 1
e L N et A I Syl | s jadl pa g 2 ok e s 5 | 1)
iyl 193 Sy i Bl B i B e | G Syl | (4 Sn By SG) ! e g gy 4 T Gl s | 1Y
Sipe g i S P Glgen Faa | A S 8 o et & Sy gl p Sl 3 ol | ) M
Spl SSlzoly | Jagl g B ok gty bl F op3a | T Sy M S S R P Ul 2| Y .ms
Tpsolp | G5y S0 K Gy it | T HoS 4 o 20552 S 8 TS s a5 TS g e m
Ll ol ¥ s by | XY S A S b g B o | F C
Il el i BN e B S gy e Correl et ol o 2 | 2 ,ﬂ,




2S00 9 3l eolaiwl b oygl g Shigel sLrusly Swmsy (2b )

\vy

S ol ks 20 Sleigal gl va,2d jf S Slogd 1 Gty o YF e (gt o 3 0 o e Pyt ) Sldaal ala 2zl | ¥
g Soly g S ) Siggl i | YO S S s & CorYel e Sl 5 el | Y
Sy P g 95ly 59959 2 M5 Sy 2t | YE S ] CorYe) e gl i 8 il | A

Sy 15 g Ll Aoy s eyl oats | YV g Slred e 00,28 5| (AL g iea ezl | 4
Sl Spagiana | aymiisS (5 Tlga Shad o g5 Dogies | YA S A a5 Mplp ) sihe o0 M e den 38 | Y-
BVERS<E o o s A o Oldeoyel Ay | YR Fyal il Sloigel sl plo fonit! f st | 1)
<ol > G uls A5y 0 e e b 0S| T Sligal b cuapama o g oty &y ned! Ol oVl g lo quld ) Loshas 3 Slosal cutd | VY
Sy J¥ S R p B kel | Y Jrl gy 251 Py 05 dakna 3 IS gaad dA el ) S 2 | 1Y

S Sl 5§ A6 S G | VY o T kg e ATy S [ F

<l Cpagiane wilededl yr Loyt | VY Sk Sl | I g gyl ogi | 10
Il Spagian S48 S 7y fpalyeg 97 Ol By | VY oSy W R E 3 GBSy | VP
L Sy sl Logi | YR B i et a5 gt il | Y
iy 4 ! Fi P p o) flety Ko | TP s iy S ielaly oty Vgl ule? | 1A




oy g soljole 1P lvo FY o )lods ciamn § o g yLudl \v¥

llone plyiear (Sogll 0 S 5 agzlye (liee 2t Jlozo!

30 s Lalgy eliol ol jo ol a8 515 1o (6,8 ol

Slalllas 5l (5508 alyo )0 2l Sy (anad; Sy
)5Ja';.a Q.ll O .o eslarl L;",lé JJL;..;.»‘S S5 )'| ‘Ggl.i)')‘ LM.J

i Geend (F Jg02) 1ajlne (0l 039 « Lagsdy) g olse (A €8y Jleiol woud glaally 5 anis Glea b S,

36 Pl (29551 o9y b ke 2LS (339 -F Jgux
Table 4. final weight of the criteria with the fuzzy Shannon entropy method
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Figure 3. Ranking of health and safety risks with the FuzzyWASPAS method
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