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Qualitative Hazard Analysis for a Batch Radical Reaction Process
using HAZOP Method
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Abstract Potential fire, explosion and safety hazards exist in medium- or small-scale chemical plants using radical
batch reaction processes due to the various conditions of materials, works or products. To minimize the potential
damage, a study was conducted on qualitative hazard analysis using the HAZOP technique, which is a typical method
for a qualitative risk assessment and analysis of the potential risks encountered in these chemical plants. For this
purpose, a domestic chemical plant, which produces the acrylic resin by a radical batch reaction process, was selected
and a risk assessment and analysis according to the procedure of HAZOP method was performed for the process.
As the result of the study, to prevent the hazard, the input of inert gas and the installation of a pressure gauge were
indispensable. In addition, the initiator and monomer should also be separated, and inhibiting substances and
equipment are also necessary to prevent a runaway reaction.

Keywords : Qualitative hazard analysis, HAZOP, Small or medium-scale plant, Batch process, Radical reaction
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Table 3. Likehood (L) Criteria

Like
hood Description

D)

4 Very likely : could happen frequently (1 time/month)

3 Likely : could happen occasionally (1 time/year)

2 Unlikely : could happen, but rarely (1 time/5 year)

Very unlikely : could happen, but probably never will
(1 time/10 year)

Table 4. Severity (S) Criteria

Severity Description
Victims: Deaths - more than 1 person Injuries
4 - more than 2 person (Loss day - More than
(Extremely 101 days)
High) Facilities damage : More than 30,000 USD

Decommission : More than 15 days

Victims: Injuries more than 1 person
(Loss day - Below 31 ~ 100 days)
3 Facilities damage : More than 5,000 USD and

(Extremely) | less than 30,000 USD
Decommission : More than 1 and less than 15
days
2 Victims: None (Loss day - Below 30 days)
(Inter- Facilities damage : Less than 5,000 USD
mediate) Decommission : Less than 1 day

1 Victims: None (No loss day)
(Low) No damage of operability and safety
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Table 6. Risk assessment worksheet using HAZOP technique for the batch process of an domestic acrylic resin maker
Node Deviation Cause Consequence Safeguards S| L| R Recommendation
More Pressure Nitrogen §upply Rupture of reaclolr Process job training 31 ol 3 Fressure- gauge and flow meter
Pressure rise due to pressure rise installation
Nit )\ Risk of fi h P d fl 1
#01 None Flow rate 1OBEN SUppYy S . ot fire when Process job training 31 3] 4. ressure' gauge and Hlow meter
Outage driving installation
More Flow rate Nitrogen s'upply Reactor rupture or Process job training N 'Pressure. gauge and flow meter
Pressure rise fire hazard installation
#01 Nitrogen Process job training

Risk of fire when
Supply shortage

Pressure 31 3l 4 Pressure gauge and flow meter

ti . . installati
& More or Less (More Oxygen) operating gauge installation mstafiation
Composition Initiator 1) Causes runawa; Input Monomers & Initiator Tank
#02~04 . . o P 3| 3| 4 |Separation and
more input reaction before measurement . .
New tank installation
M &  Initiat Tank
... |Initiator 1) Reduced reactivity |Input onom.ers futator
Less Composition less suppl. 2) Quality problem |before measurement 3| 3| #|Separation and
PPy Y P New tank installation
Solvent 1) Raised Level in Reactor level gauge
#02~104 . Reactor Process job training 31 3| 4. . gaug
more input . installation
2) Quality problem
& More Level
.- 1) Causes runaway Monomers & Initiator Tank
Initiator . Input .
H05~#10 . reaction 3| 3| 4 |Separation and
more input . before measurement . .
2) Quality problem New tank installation
Initiator .. Monomers & Initiator Tank
. 1) Reduced reactivity |Input .
Less Level Insufficient . 3| 3| 4 |Separation and
2) Quality problem |before measurement . .
supply New tank installation

Nitrogen supply

#11
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More Pressure .
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Pressure rise of vent

Installed pressure
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installation on Nitrogen supply

2.3 HAZOP &7}
Table 2 ~ 57}41¢] A3= A5t Table 6914 1
= ket o] HFH<Ql HAZOP H7tel oigh 41 &
2 JjA A AR (Recommendations) S =% 3133 T
Fig. 29] o}ad $x] Az w& ey W AFE
-r‘ﬂ A4 A ?Z_} 9 34 W) Ttol
aFqich ol2 %Y 7t
o tigk A3
Aol oigt
AN2EH
AFat (Safeguards
ato] A3

21

OH

cqcg

ﬁ
tjo
Mo
m{ﬂ‘

N
fm o
-
w
a0
2
> -
i)
o
]
>
30
flr
o,
i)

(Cause)% A ske] A
(Consequence) S =&3} T
A Aol A A3
gtetstar, AR
53 R)°] 3 oldoz & o%
= F 1071 5l tiate] AN

oy e

H ro,
o Kl o 2 & o

sy
r

2
)
BN

=0l
o U

-t—:\./

QP X

>~
-
odt

o
FN

Me ol
=
=
O
R
_1
2
N

O)L 4_4 -{D:
o
on
2
2
>,
2
Y em

2 2

_VE
i
g&
=

Mol MAATALE ] sIA= wrEA] Aa)E|ojol 3 A
oz grot
) w7 BEdste 99k 24 I HE 7Y

#01)¥} Vent system HE -7+ #11)0lA] 7<)

~

A AL FEE 0] W g grow
Qe W3] o] WAT = glor], Wk £
o gl Aol A gl o3 Al 99

o w3 w0} glolx] Ak i wiatel 37

ot M ox
ol
ol

2)

o o fo b rie
o2y f a
P ok 2 = N A
- ==
i 1o rl
oo
E]T o= o
~ M oo fu
rlo o
i -
I
I
— O
do
e}
o O_>I’.4
o
pacs
(o
&
=

oM.
o
i)
fo
ol
ol
ful
ki
e

391



B AbE &8 EEA) A20d A2, 2019

SRl B 5 9 B S A
o QA FYFE A Hlab) dan
sk g AN £F BEE A2 ge )
SR FR EEEEEEEREE
A8 @ 5 Uk

A EY

-
LA

3)

4)

3
=

f8jt

e

=2
X

2
[}

oX
&

e}

B F
Og“:",

ot

tio

o 2 Ho ofN oxl of)
_|>:‘ _A_L
(L o
rO
-
o
o
i)
U
-
)
i
Lo
fo
o
X

fu
4z o
RIS

—_
~

2

3 832 7 A A
2elete] £ A oM LA 5= gl

gz WS
o A FYF

A 21 st °ﬂ

2)
gaz

rr

3)

o rfo rf
g Moo
B

392

$o) 4A7} weA] Pash

o] SR Sl Ata AldlE AuEd
o] Abzk whg7] Aulol A wAlse, o] & A
o QelomAE Aule] Bakol} el 34 HES A
W F4aA 9] de] doluhz 49t e o)
A7 A9 AUA ael o Hule] At 4,
= 9ol e 014 Bl 9@ B9Th wor, oy
o QHHEAZH 34 A9IR] WE SIFR nheEo]
71 wEoltt, Al A= St we e A4f,
fJop 22 b AnjE F71 dAjste] APAES Hag)
ate wmdo] WiEA] s Fow wH,

Refereces
[1] I J. Shin, “Comparative Study on the Institution

(2]

(3]

(4]

[5]

[6]

(71

(8]

[

[10]

(1]

[12]

Framework of Risk Assessment between German UK
and Korea, Japan in Asian Countires”, J. Korean Society
of Safety, 28(1), 151-157 (2013).

DOI: https:/doi.org/10.14346/jk0s0s.2013.28.1.151

Ministry of Employment and Labor & Korean
Occupational ~ Safety&Health ~ Agency, “Chemical
accident and Major industrial Accidents statistics in
Korea”, 2016.

F. P. Less,
VOI. 27 ) nd

“Loss Prevention in the Process Industries,
ed., Butterworth Heinemann, Oxford, 1996.

Korean Occupational Safety&Health Agency,
Industrial Accident Casebook”, 2004.

“Major

CCPS, “Guidelines for Chemical Process Quantitative
Risk Analysis”, 2™ ed., AIChE, 5-387 (2000).
CCPS, “Guidelines for Hazard Evaluation Procedures”,

AIChE, 24-224 (1989).

P. K. Mahavilas, D. Koulaouriotis, V. Gemeni, “Risk
analysis and assessment methodologies in the work sites:
On a review, classification and comparative study of the
scientific literature of the period 2000-2009”, J. Loss

Prevention in the Process Industries, 24, 477-523
(2011).

DOI: https://doi.org/10.1016/j.jlp.2011.03.004

Korean Occupational Safety &Health Agency,

“Prepartion of a process safety report (example)”, 1996.

Korean Occupational Safety&Health Agency, “Technical
guideline for priority decision on Risk assessment”, 2012

Korean Occupational Safety &Health Agency, “Hazard
and Operability Studies”, 2006.

Korean Occupational Safety &Health Agency, “An
Introduction to the Petrochemical Process Evaluation
Technology”, 2008.

Korean Occupational Safety &Health Agency, “Technical
guidelines for Hazard and Operability (HAZOP) of
continuous process”, 2012.



HAZOP 7|"& o|-§3F &4 vz vh3 340 it 344 9184 B7F iy d+
8t & 2U(KyungMin Park) ("2 H] ot &l &(WonSool Ahn) EEE
02003 249 : AW 8}3kest © 1979 29 : A&t 33yt
I} (F3HAAD KA}
02003\ 3Y ~ A : K3} 9] e 1981 29 : A&t 3}ty s}
gx]zEo} g AR Yol IHFEAAR
20159 39 ~ @Al : AUt * 199211 8¢ : KAIST 3}8}3-33}
spaheskat (uhAb #HA) (B3t
019954 99 ~ &4 : APuEtw
spahgalst
<#ilEop <PA Bok
AR, TANINHTL LB T 152 V)58, RRAERIAR, ATAE 5

0| S TH(DongKyu Lee)

©2006%d 10¥ ~ 2017 8¥ : A
F(F) 71E9+4 PCB AEE
02017\ 2¢¥ ~ AA . Aguista

shataata (hala)

<P op
w5 Ag, wEAL, 4 A B T
0| & gtJoon-Man Lee) (M358

©200413 8 : AThetar sekeet
4 (FEAD

2007 34 :
7} (Post Doc)

02007 39 ~ @A : deol
B

atekgul seh et

23, nRARE, BT 5

s

393




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


