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«»+ JBE - Consequence analysis result

Confidential and proprietary for JSR BST Elastomer 83 JBE ‘T{F PCO

15 June 2017

Example Results; Flash Fire

Case 1: 1,3 Butadiene Drum at BD purification system
> Catastrophic Scenarios — Day Time

Orange : LEL— 312 meters

/2150 50% LEL (LEL Fraction)
— 450 meters

‘THREAT ZONE - Threat Modeled: Flammable Area of Vapor
Cloud

Red: UEL
Orange : LEL :I— 100% Fatality
‘“lluw - 50% LEL (LEL Fraction)

Confidential and proprietary for JSR BST Elastomer 85 JBE ‘TZF PCO

15 June 2017

Table 4.3: Summary of Consequence Results (Early Pool Fire)

Consequence Result (Heat Consequence Result (Heat
Radiation Distance, m) Radiation Distance, m)
Day - 3.4D m/s Night - 1.7F m/s
37.5 kW/m2 12.5 kW/m2 37.5 kW/m2 12.5 kW/m2

< o

1 BD Purification System 10 minute 45 62 44 66

10mm hole - - - -

Propane refrigerant reservoir Catastrophic = = = =
tank

No. Case Scenario

10 minute - - - =
10mm hole - - — =
Catastrophic - -
NBL + Cyclohexane storage 10 minute Not reached 35 Not reached 33
10mm hole 14 21 12 19
4 Metering of BD process ng,zsg?ep;é'ﬁ 3_3 4_8 2_9 4.5
Polymerization reactor (U- c%a:;'rt‘)ugc : :
300)_BD

5.1

10mm hole - - - -

reactor (U-

52 10 minute 40 52 33 41

300)_Mixed solvent

10mm hole Not reached Not reached 20 23
Catastrophic - -

Light cut tower - 10 minute - - - -

Cyclohexane 10mm hole - - = -

Catastrophic

7 Solvent tank (Cone roof) 10 minute Not reached 23 Not reached 21

10mm hole 7 13 6 12

Remark; The early pool fire is assumed to take place at the time when the spill rate into the pool is equal to the burn rate
for the pool fire. The early pool fire is not modelled for an instantaneous storage scenario

=

Confidential and proprietary for JSR BST Elastomer 87 JBE ‘T{F PCO
15 June 2017

Consequence analysis result

Table 4.2: Summary of Consequence Results (Flash Fire)

C Result (F i C Result (F
Distance, m) Distance, m)
No. Case Scenario Day - 3.4D m/s Night - 1.7F m/s.
UEL LEL EL faction |y LEL e oo
Catastrophic 36 312 450 3 284 27 |
1 BD Purification System 10 minute 32 180 246 4 259 327
10mm hole 1 14 11 27
Propane refi C i 2 84 255 2 65 184
2 ° 10 minute 1 75 184 15 79 175
reservoir tank 10mm hole 1 15 3 i %
NBL+ G Catastrophic | 17 7 121 1 o1 137
3 storace 10 minute 1 11 162 1 161 225
9 10mm hole 5 1 18 5 21 4
- Catastrophic | 1 114 158 2 158 202
4 | Metering of BD process 5o, breach | 15 104 148 16 143 193
5.1 Polymerization reactor —chg’“.' 0 the'c 023 L 023 4 34
3 (U-300)_BD minuf .. .
- 10mm hole 0.3 4 0.3 4
. Catastrophic | 93 255 335 83 268 348
Polymerization reactor -
5.2 : 10 minute 20 98 184 22 105 264
(U-300)_Mixed solvent 5 hole |4 1 17 4 1 17
- _ Catastrophic | 13 133 192 11 125 182
6 Hlght eut tower 10 minute 2 31 6 2 57
10mm hole 10 15 3 1 16
C ic |51 173 239 47 197 252
7 Solvent tank (Cone roof) 10 minute 27 116 159 27 156 201
10mm hole 3 14 23 4 21 29
=

I JBE /qErco

Confidential and proprietary for JSR BST Elastomer
15 June 2017

Example Results; Flash Fire

Case 5.2: Polymerization reactor containing 88% Mixed Solvent
> Catastrophic Scenarios — Night Time

Orange : LEL — 268 meters

/2150 50% LEL (LEL Fraction)
— 348 meters

THREAT ZONE - Threat Modeled: Flammable Area of Vapor
Cloud

Red: UEL i
Orange : LEL :I— 100% Fatality
‘“lluw - 50% LEL (LEL Fraction)

Confidential and proprietary for JSR BST Elastomer 86 JBE ‘TZF PCO

15 June 2017

Example Results; Early Pool Fire

Case 1: 1,3 Butadiene Drum at BD purification system
> 10 minute release scenarios — Night Time

[ 4kW/m2-96m

THREAT ZONE:

Threat Modeled: Heat Radiation from Pool fire

Red : 37.5 kW/m2 ™100% indoor/outdoor fatality and
90% destruction”

Orange : 12.5 kW/m2 "90% outdoor fatality, 10%
destruction”

Vel 4 kW/m?2 “Intensity sufficient to cause pain
(first degree burns)”

=
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15 June 2017



Example Results; Early Pool Fire

Case 5.2: Polymerization reactor containing 88% Mixed Solvent
> 10 minute release scenarios — Day Time

THREAT ZONE:

Threat Modeled: Heat Radiation from Pool fire

Red : 37.5 kW/m2 "100% indoor/outdoor fatality and
90% destruction”

Qrange : 12.5 kW/m2 "90% outdoor fatality, 10%
destruction”

Wl -4 kW/m?2 “Intensity sufficient to cause pain
(first degree burns)”

=
Confidential and proprietary for JSR BST Elastomer 89 JBE {EF PCO

15 June 2017

Example Results; Late Pool Fire

Case 1: 1,3 Butadiene Drum at BD purification system
> 10 minute release scenarios — Night Time

{0 4kW/m2-200m

THREAT ZONE:

Threat Modeled: Heat Radiation from Pool fire

Red : 37.5 kW/m2 ™100% indoor/outdoor fatality and
90% destruction”

Qrange : 12.5 kW/m2 "90% outdoor fatality, 10%
destruction”

Wl 4 kW/m?2 “Intensity sufficient to cause pain
(first degree burns)”

=

Confidential and proprietary for JSR BST Elastomer 91 JBE {EF PCO

15 June 2017

Table 4.5: Summary of Consequence Results (Jet Fire)

Consequence Result (Heat Consequence Result (Heat
. Radiation Distance, m) Radiation Distance, m)
No. Case Scenario 4D m/s Niaht - 1.7F m/s
12.5 kW/m2 37.5 kW/m2 12.5 kW/m2
Ce i - - - -
1 BD Purification System 10 minute 49 64 54 68
10mm hole Not Reached 7 Not Reached 8
- . Catastrophic - - - -
2 Propane refrtlgf‘rkant reservoir 10 minute 7 89 84 99
10mm hole 18 22 20 25
Catastrophic - - - -
3 NBL + Cyclohexane storage 10 minute 03 71 6
10mm hole 14 15 19
: Catastrophic 66 75 89
4 Metering of BD process "40% Breach o8 65 78
- - Catastrophic - - - -
5.1 Polymenéao%o)nggactor u 10 minute Not Reached Not Reached Not Reached | Not Reached
- 10mm hole Not Reached Not Reached Not Reached | Not Reached
B [& i - - - -
l reactor (U- -
5.2 i 10 minute 83 104 94 114
300)_Mixed solvent 10mm hole Not Reached 17 Not Reached 19
. Ce i - - - -
6 Light eut tower - 10 minute 30 38 34 %2
Y 10mm hole Not Reached 14 Not Reached 16
Catastrophic - - - -
7 Solvent tank (Cone roof) 10 minute 100 123 110 135
10mm hole 8 10 9 11
L]
Confidential and proprietary for JSR BST Elastomer 93 JBE {EE co
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Table 4.4: Summary of Consequence Results (Late Pool Fire)

Consequence Result (Heat Consequence Result (Heat
. Radiation Distance, m) Radiation Distance, m)
L2 €x3 S Day - 3.4D m/s Night - 1.7F m/s
37.5 szmZ 12.5 kW/m2 37.5 kW/m2 12.5 kW/m2
Ce i - - - -
1 BD Purification System 10 minute 78 112 83 130
10mm hole Not Reached Not Reached ot Read! lot Read
- . Catastrophic - - - -
2 Propane refrigerant reservoir 10 minute - - - -
10mm hole - - - -
Catastrophic Not Reached 57 Not Reached 57
3 NBL + Cyclohexane storage 10 minute Not Reached 67 Not Reached 68
10mm hole 19 28 Not Reached 24
: Catastrophic 66 98 62 100
4 Metering of BD process 40% Breach ~ ~ ~ ~
Polymerization reactor (U- |—Catastrophic = = ~ =
5.1 300)_BD 10 minute - - - -
— 10mm hole - - - -
| ization reactor (U- [¢ i Not Reached 69 Not Reached 33
5.2 300)_Mixed solvent 10 minute Not Reached 56 Not Reached 33
— 10mm hole Not Reached Not Reached 23 32
. Light cut tower - Cetastrophic - - D D
Cyclohexane T0mm hole - - — —
Catastrophic Not Reached 23 Not Reached 21
7 Solvent tank (Cone roof) 10 minute Not Reached 23 Not Reached 21
10mm hole 11 22 11 19

Remark; The late pool fire report deals with the calculations of the shape and intensity of the pool flame, for a pool fire
that is assumed to occur as a result of delayed ignition, at a time when the pool has reached its maximum radius

=
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Example Results; Late Pool Fire

Case 4: Metering of BD process
> Catastrophic scenarios — Day Time

THREAT ZONE:

Threat Modeled: Heat Radiation from Pool fire

Red : 37.5 kW/m2 ™100% indoor/outdoor fatality and
90% destruction”

Orange : 12.5 kW/m2 "90% outdoor fatality, 10%
destruction”

Yol -4 kW/m?2 “Intensity sufficient to cause pain
(first degree burns)”

=
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Example Results; Jet Fire

Case 7: Solvent storage tank
> 10 minute release scenarios — Night Time

THREAT ZONE:

Threat Modeled: Heat Radiation from Jet fire

Red : 37.5 kW/m2 ™100% indoor/outdoor fatality and
90% destruction”

Orange : 12.5 kW/m2 "90% outdoor fatality, 10%
destruction”

Vel 4 kW/m?2 “Intensity sufficient to cause pain
(first degree burns)”

=
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Example Results; Jet Fire

Case 5.2: Polymerization reactor containing 88% ed Solvent
> 10 minute release scenarios — Night Time

{00 4kW/m2-148m

THREAT ZONE:

Threat Modeled: Heat Radiation from Jet fire

Red : 37.5 kW/m2 "100% indoor/outdoor fatality and
90% destruction”

Qrange : 12.5 kW/m2 "90% outdoor fatality, 10%
destruction”

Wl -4 kW/m?2 “Intensity sufficient to cause pain
(first degree burns)”

=
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Example Results; Early Vapor Cloud Explosion

Case 1: 1,3 Butadiene Drum at BD purification system
> Catastrophic Scenarios — Day Time

Red : 5psi-56 m

Orange : 3psi-88 m

‘ellow  1psi-224m

THREAT ZONE:
Threat Modeled: Overpressure of VCE

: 5 psi, 90% destruction

3 psi, 20% destruction

1 psi, shatters glass
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Table 4.7: Summary of Consequence Results (Late Vapor Cloud Explosion)

VCE Result VCE Result
(Overpressure Distance, m) (Overpressure Distance, m)
No. Case Scenario Day - 3.4D m/s Night - 1.7F m/s.
5 psi 3psi 1psi 5 psi 3psi 1psi
Catastrophic 486 518 654 496 528 664
1 BD Purification System 10 minute 296 328 464 376 408 544
10mm hole 17 21 39 29 34 55
propane refrigerant | -C2tastrophic 157 184 279 137 164 259
2 ot ok 10 minute 212 235 317 205 230 319
10mm hole 16 20 34 27 31 48
Catastrophic | Not Reached 17 133 Not Reached 127 143
3 NBL +5thrrcalozexane 10 minute | Not Reached 167 183 Not Reached 227 243
9 10mm hole | Not Reached 13 19 Not Reached 44 55
. Catastrophic_| Not Reached 159 180 Not Reached 209 230
4 | Metering of BD process 505 preach | No Reached 149 170 | Not Reached 199 220
- Catastrophic | No Hazard | No Hazard | No Hazard | No Hazard | No Hazard | No Hazard
5.1 m'yrrzﬁfég“;?“‘a’gamr 10 minute | No Hazard | No Hazard | No Hazard | No Hazard | No Hazard | No Hazard
— 10mm hole | No Hazard | No Hazard | No Hazard | No Hazard | No Hazard | No Hazard
- Catastrophic | Not Reached 353 411 Not Reached 363 421
52 ("8_'\3/'[;‘05)”2;&23 ;i?\g‘r’"; 10 minute | Not Reached 201 252 Not Reached 273 331
- 10mm hole | Not Reached 13 22 Not Reached 14 23
Py _ Catastrophic 219 247 382 226 257 39
6 L'%mdc;":;;‘:r 10 minute 3 51 82 65 7 109
A 10mm hole 15 18 32 16 1 34
Catastrophic | Not Reached 232 236 Not Reached 252 256
7 Solvent tank (Cone roof) 10 minute Not Reached 152 156 Not Reached 202 206
10mm hole | Not Reached 22 26 Not Reached 22 26

Remark; The Late Explosion is an explosion that occurs after the cloud has started to disperse. The mass involved in the
explosion is given by the mass between the flammable limits at the time of the ignition, and the location of the center of
the explosion is set according to the Explosion Location Criterion in the Explosion Parameters. =
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Table 4.6: Summary of Consequence Results (Early Vapor Cloud Explosion)

VCE Result VCE Result

(Overpressure Distance, m) (Overpressure Distance, m)
No. Case Scenario Day - 3.4D m/s Night - 1.7F m/s.

5 psi 3 psi 1 psi 5 psi 3 psi 1 psi
Catastrophic 56 88 224 56 88 224

1 BD Purification System 10 minute - - - - - -

10mm hole - - - - - -
Catastrophic 37 64 159 37 64 159
10 minute - - - - - -

10mm hole - - - - - -

Catastrophic | No Hazard | No Hazard | No Hazard | No Hazard | No Hazard | No Hazard
10 minute - - - - - -

10mm hole - - - - - -

. Catastrophic - - - - - -

4 Metering of BD process mpa;ch - -

Catastrophic | Not Reached 13 44 Not Reached 13 44

10 minute - -

10mm hole - - - - - -

- Catastrophic_| Not Reached 23 81 Not Reached 23 81
52 Polymerization reactor 10 minute ~ " " N - -

(U-300)_Mixed solvent 10mm hole - N _ N - -

Light cut tower - Catastrophic 56 87 222 56 87 222

10 minute - - - - - -
Cyclohexane 10mm hole - - - - - -

Catastrophic | No Hazard | No Hazard | No Hazard | No Hazard | No Hazard | No Hazard
7 Solvent tank (Cone roof) 10 minute - - - - B N
10mm hole - - - - - -

2 Propane refrigerant
reservoir tank

NBL + Cyclohexane
storage

5.1

Polymerization reactor
U-3( D

Remark; The Early Explosion is an explosion that occurs at the beginning of the release, before the cloud has started to
disperse. The full flammable release mass is involved in the explosion, and the center of the explosion is the release
=

location
% JBE /qErco
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Example Results; Early Vapor Cloud Explosion

Case 6: Light cut tower (LCC) - Cyclohexane
> Catastrophic Scenarios — Day Time

Red : 5psi-56 m

Orange : 3psi-87 m

‘ellow  1psi-222m

THREAT ZONE:
Threat Modeled: Overpressure of VCE

: 5 psi, 90% destruction

3 psi, 20% destruction

1 psi, shatters glass
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Example Results; Late Vapor Cloud Explosion

Case 1: 1,3 Butadiene Drum at BD purification system
> Catastrophic Scenarios — Night Time

l - . Red : 5psi-496 m
i Orange : 3psi- 528 m

‘eliow - 1psi-664 m

THREAT ZONE:
Threat Modeled: Overpressure of VCE
: 5 psi, 90% destruction
+ 3 psi, 20% destruction
1 psi, shatters glass
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Example Results; Late Vapor Cloud Explosion

Case 6: Light cut tower - Cyclohexane
> Catastrophic Scenarios — Night Time

Red : 5psi- 226 m

Ora 3psi- 257 m

‘el 1psi-392m

THREAT ZONE:
Threat Modeled: Overpressure of VCE
Red  :5 psi, 90% destruction
Or 3 psi, 20% destruction

1 psi, shatters glass

JBE

ATPCO
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Example Results; (BLEVE - Thermal)

Case 2: Propane refrigerant reservoir tank
> Catastrophic Scenarios — Day Time

L AkW/m2-377m

Table 4.8: Summary of Consequence Results (BLEVE - Thermal)

No.

Case

Scenario

Consequence Result (Heat
Radiation Distance, m)

Consequence Result (Heat
Radiation Distance, m)

BD Purification System

C

Da D m/s
37.5 szmZ 12.5 kW/m2

Night - 1.7F m/s

| Night-17Fm/s |
37.5KW/m2_| 12.5 KW/m2

10 minute

10mm hole

Propane refrigerant reservoir

Catastrophic

61 19:

61 198

10 minute

10mm hole

NBL + Cyclohexane storage

Catastrophic

10 minute

10mm hole

Metering of BD process

Catastrophic

40% Breach

5.1

Polymerization reactor (U-
300)_BD

Catastrophic

10 minute

10mm hole

5.2

[&

1 ization reactor (U-
300)_Mixed solvent

10 minute

10mm hole

Light cut tower -
Cyclohexane

Catastrophic

10 minute

10mm hole

Solvent tank (Cone roof)

Catastrophic

10 minute

10mm hole
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Table 4.9: Summary of Consequence Results (BLEVE - Overpressure)

THREAT ZONE:

Threat Modeled: Heat Radiation from Pool fire

Red : 37.5 kW/m2 ™100% indoor/outdoor fatality and
100% destruction”

Orange : 12.5 KW/m2 "30% outdoor fatality, No
destruction”

Wl 4 kW/m?2 “Intensity sufficient to cause pain
(first degree burns)”

=

JBE ATrCO

Confidential and proprietary for JSR BST Elastomer 103
15 June 2017

Example Results; (BLEVE - Overpressure)

Case 2: Propane refrigerant reservoir tank
> Catastrophic Scenarios — Day Time

Red : 5psi- 37 m

v :3psi- 51 m

‘ellow  1psi- 98 m

THREAT ZONE:
Threat Modeled: Overpressure of BLEVE
overpressure
Red 5 psi, 90% destruction
3 psi, 20% destruction
1 psi, shatters glass

r

o
el

=

JBE ATrCO
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BLEVE Explosion Result BLEVE Explosion Result
No. Case Scenario Day - 3.4D m/s Night - 1.7F m/s.
5psi 3psi 1psi 5psi 3psi 1psi
Catastrophic - - - - -
1 BD Purification System 10 minute - - - - -
10mm hole - - - - - -
2 Propane refrigerant —ch(r)a::y?ugc 37 571 973 37 571 978
reservoir tank 10mm hole - - - - -
3 | ML+ Cycohexane [-ZStroohic L s - s - s
storage 10mm hole - - - - - -
. Catastrophic - - - - -
4 Metering of BD process 40% Breach - N ~ N - -
51 Polymerization reactor Cf(t)astr 0 ::c = = - = =
" (U-300)_BD Tir - - - - - -
- 10mm hole - - - - -
5 | Polymerization reactor —ECfct)a’s::':ugc = = - - -
- (U-300)_Mixed solvent
10mm hole - - - - -
6 Light cut tower - [~cas2strophic = = = = = =
Cyclohexane 10mm hole - - - - - -
Catastrophic - - - - -
7 Solvent tank (Cone roof) 10 minute - - - - - -
10mm hole - - - - -
L]
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Agenda

++ JBE - Summary and Recommendation
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Summary from consequence analysis study

The maximum impact in each consequence result has concluded as
below;

> Flash Fire --> Case 1 BD Purification System

> Early Pool Fire --> Case 1 BD Purification System
> Late Pool Fire --> Case 1 BD Purification System
> Jet Fire --> Case 7 Solvent tank
> Early Vapor Cloud Explosion --> Case 1 BD Purification System
and Case 6 Light Cut Tower
> Late Vapor Cloud Explosion --> Case 1 BD Purification System
» BLEVE (Thermal --> Case 2 Propane refrigerant
and overpressure) reservoir tank
=
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Recommendations for consideration

« Consider sensitivity analysis of occupied buildings reviewing maximum
overpressure (and other impacts) at these locations as compared to blast
resistance/ design below information

o CCBrequired minimum overpressure at 9.74 psi
(From Late Vapor Cloud Explosion at Propane refrigerant reservoir tank)

o Finishing Building required minimum overpressure at 7.32 psi
(From Late BLEVE at Propane refrigerant reservoir tank)

o Laboratory required minimum overpressure at 14.48 psi
(From Late Vapor Cloud Explosion at Light cut tower)

o Maintenance shop required minimum overpressure at 10.55 psi
(From Late Vapor Cloud Explosion at BD Purification System)

o Chemicals Warehouse required minimum overpressure at 10.44 psi
(From Late Vapor Cloud Explosion at Light cut tower)

=
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Example; Calculation Maximum Reflected Overpressure to building

Buildings
ccs
case Scenario Distance from Maximum Reflected
Overpressure to building
building (m)
Early Explosion - 2.13
Catastrophic Late Explosion - 9.74
Propane refrk
resevorr tank 10 minute 85 Late Explosion - 1.95
10mm hole No Hazard

Late Explosion

111 JBE AEICO
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Recommendations for consideration

« Consider conducting onsite facility siting analysis focused on every studied case
as they have the vapor cloud explosion hazard zones and impact to both
personal and property. In particular, review

o location of occupied buildings such as;

@ Center Control Building (CCB),
@ Finishing Building,

® Laboratory,

@ Maintenance, and

® Chemicals warehouse.

o need for additional CCB resistivity to explosions, as well as such as maintaining
closed and positive pressure on entrance doors with air locks.

o Critical Function Building such as Fire water pump house, Substation and MCC

=
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Recommendations for consideration
Table 5.1: Minimum distance from studied equipment to buildings
Sungings

<5 PG Buldg Tabortiey Flisnanes Shen T

case sconaro [comrn | T2y | omraron | Sy S [ | S | e | e
T e ety iy | S| Ompmte | v | e

Cotmstroptic 218 278 121 1.06 s.38

1 [mopurincationsystem [ Tomne | 116 199 9 162 189 56 22 [ 1085 5 122

Lomm hole No Hazard No Hazard No Hazard No Hazard 107

Catasrophic 574 732 29 262 10.44

2 | Propane refrigerant ™o e 85 195 30 107 186 1131 192 1012 133 473
Lomm hole No Hazard 343 No razard No razara No Hazara

Cotasrophic No Hazara 182 No Hazard No Hazard oz

o | Rl [ Tomnee | 100 158 132 os2 200 114 230 217 14 o5

Lomm hole No Hazard No Hazard No Hazard No Hazard 218

. e 272 I = 179 - 217 o 2.03

0% breach 146 No Hazara 3.69 128 123
Cotastrophic No Hazard No Hazard No Hazard No Hazard No Hazard
5.1 |Polvmerizstion reactor [ 10 minute 85 |NoHazard | 77 [NoHazard| 144 |[NoHazard| 171 [Nohazard| 70 | NoHazard
Lomm hole No Hazard No Hazard No Hazard No Hazard No Hazard

Cotasrophic 032 104 [ o5 114

5. [Fobymeriaation eactor [ ™5 s 075 ” ) 144 19 7 393 o 64
Lomm e No Hazara No Hazard No Hazard No Hazard No Hazard

Cotastroptic 297 339 1a.48 82 384

o | vemamwer- [Tone | 104 111 7% 242 185 |Normmra| 206 |Norwma| 70 355
Lomm hole o Hazara No Hazara No Hazard No Hazard No Hazard

Cotmsrophic 0.06 007 0.07 013 .03

7 | sowemtmmkccone o] 13 035 143 092 143 092 183 037 2 .05

Lomm e No Hazard No Hazard No Hazard No Hazard 2.02
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Example; Calculation Maximum Reflected Overpressure to building

Calculation - Early Explosion; Case 2 Propane refrigerant reservoir tank

| EdyFrpl D | Ly Epl. R | Koy gl Imguine | Lt . Sverprssrs | L Enpl. Worst Caue | Lot b Dtamce [ 4 85 m

P : -
e e e o

[ aw s
oot —_—
o - |
acemsanivme Il M NERTNNER] I

oy :
Petagece a

A Shuchy ekl 1

Reflected 1

213psi | | T\

H > 4 » oo > - -
Dtice Doy

3 Dupensen | © Focbl | [ tupioncns | = Fiash For
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Example; Calculation Maximum Reflected Overpressure to building

Calculation - Late Explosion; Case 2 Propane refrigerant reservoir tank

Worst Cace Late Explosion Overpressure vs Distance
Cataatrephic rupture

e
Reflected
overpressure@

9.74 psi

Reflected

5.23 psi

LSS e r—"—

A . ;
M W w w w m
ccs Deitarce Dorwemmend [

[ » ® @

Ny Bt Doptamce | Loy g Rt | Lasty gl brmpivn  Lite Epl Ovepoemir | Lo sl 85 M Lote Ll Dotornc | Lt [l Torme
Coupersan | - s | WEsplesons | =g Fash Fuy

AErCOo
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Recommendations for consideration

* Review potential mitigation of Case 1 BD Purification System and Case 6 Light
cut Tower releases and mitigating ignition sources. This case results in the
highest risk to property.

~
b

* Review Fire protection system and Loss Prevention provision in JBE facilities
intention to reduce the catastrophic impact to surrounding area

=

JBE ATICO
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Recommendations for consideration

Confidential and proprietary

Consider more detailed consequence modeling of vapor cloud explosions and

BLEVEs considering potential ignition sources, additional areas of confinement
and congestion downwind of the release locations, and a sensitivity analysis on
enhancements to CCR and Warehouse.

Consider to evaluate financial loss in term of property damage and business
interruption regarding to CA results, which will help JBE to prioritize in
developing mitigations and safeguards.

15 June 201
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Recommendations for consideration

Examp e Meas
Simirate hazad
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g S praaon fram pools of Mashing hauwds
f - R ——
g iz e toither
< i or g resiring ritcss ) 1 reduce he pobentisl severty of 3 Teiease
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that are
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stan-up ana
=
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Consider in the mitigation plan to reduce the consequence or frequency of
scenarios as below table 5.1 (Source: CCPS Guidebooks).
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U3 LladanT dadi danalawas rda JBE‘
uum]szuﬁun'nmﬁ‘m HATNISASIARDUAIUS LU FIRST LINE BREAK
(Wwuunsdlow First Line Break A Hot Work Type 2) @il
darjuarinns ¢ s Fuil ¢ van
Equipment Tag No. or Line No. :
suansualuasii Line Break :
aneazuiaivine :
seusviswing Safety Eye Wash & Shower fuqavinanu (sapiavnowsauszos i mawmiia 3 was) ©
woaananidu (szuatholan 2 o)
1) 2)
susIdRuETtna e MRavha (saanowsaxszos iy mamfia 3 was) :
Water Monitor/Water Hydrant/Hose Station (szywanaia WM, WH uaz HS vita)) :
Annunquanilddmiu Lock Out 1 3a 1w Blind Aliidwiu Isolate 3@
Suq (Specify)
oo SpanduasansasIaday a1aauTou Field Operator
a/a/d /
s 1 O [invs3asin Isolation / Purge Package uaia (523m Drain / Purge / Fush / Vent astu PRID uazszyansiity) ]
swnsd 2 O [ais Hot Work Type 1 tufuviumlfiiGnasiuty / usalinga Hot Work Type 1 f2as1) Buusanud [m]
mnst 3 O [gnstiah i/ fimsdaiasuunitusa s$lna O
swmsi 4 [ |fimsanagauinefing Washing vsa Drain / Purge / Flush / Vent szuuiGausauus (]
swnd 5 [ [finsamasay Total VOCs usasastitiu 300 ppm  szyaha Total VOCs #3als ppm [m]
swni 6 [ [inmsanasauinbifiassuanus: ¥ (srumanaTaaIeINeEIuaTY) [m]
m LIBD  Surens Toluens YN MYHAAGN Jatmi
s 50 1000 1000 1000 300 0 - 1800
savie (PP
nA PEE mnlaabnrnitoany Hal Mask wita PAPR s
swmsi 7 O [dmsanasavusosutussuusaodu 0 kg/em2(g) susarmdudsats kg/em2 O
wnst 8 L] [Smsanasavaamailusmeacnnnit -10°C uazhiiu 60 °C saamadiiaie °C ]
swnd 9 [ [finsanasay %LEL Taudastinl %LEL i 0% seu%LEL #3als [m]
aunsni PPE Yirey visineladlunisiii Line Break euiiszulu PPE Matrix
[ chemical level suit (] Level A [J tevel B [ Level C
[ other
Aty wia msnaaansni PPE :
Pumsfunau uandauluitannsanan via amoaUnsaiamnlaanduls
O waomnvivmstd Blind diviavsaaunsaiduusaous (Note : msdlali Asasimsvin Line Break Tusi)
wasnleivins D g wAdufud)
Note : tunsdiifumsenusuaobivinmsdszmaudoidosauans tlangasu Hot Work Tuifuvhiueyfidnisiutu
1.3BD | Styrene | Toluene [ Heptane|  H2 Cyclohexane
Natural
TEN NBL | Ethanol | Propane Recovered BD
Gas
swiagvinnivi Standby :
dla - uwana Fuid
awewasalnsal uda aaienaidlsuesaisiaiaediy 4n3onTan (Foreman) /
Ownebiiu4ih O inneshiviu 0.5 das ayilatay (Supervisor) /
O mnenfiu 4 i O 1snaniiu 0.5 das amaia/anasau (Field Operator) /
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auila wAl. Ts90u Co-sign by (Contractor) /
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i3 o521
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a - ve e dd o .
- 4n17 training Inuwinanuiiedas (training record)

2. IDE-155/13 autlasimanaaifasndnsdsmandsuiasdatavamiasnmuann
MF 1ilu OMs

3. IDE-042/17 521 Procedure M nouazmunasngmiuaividedni
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Objective

To ensure that the work operator will not be wounded or harmed by any chemical or hazardous

substance, including heat and pressure coming from the opening or removal of the joint or closed

flange of the pipeline or equipment in the manufacturing process which have not yet been confirmed

to be free of danger, heat and pressure inside.

Scope

1. This Procedure for First Line Break covers to the works related to the first opening of

pipeline and equipment, including Flange or welded pipeline. The scope will also consider

other works nearby, top or below the working area.

2. This Procedure shall be implemented with the pipeline or equipment to be used for

hazardous chemical i.e. corrosive, toxic, flammable, H/C which could be flammable or

explosive, including the substance stored under pressure, high temperature, and the

substances announced to be hazardous chemical i.e. N2, H2, etc.

3. It also covers to activities regarding the opening of Strainer, Vessel, Drum, Reactor, Pump,

Compressor, Column for Inspection, maintenance or cleaning.

Except

3.1 Opening of Strainer of the Slurry pipeline at SSBR Process

3.2 Vent & Drain in the manufacturing process.

3.3 Collection of sample which is the opened system, but shall strictly follow the

Procedure.

Reference

1. S-OMS-SHE-P-0019 Procedure for Permit to Work for Hot Work (Hot work)

2. S-OMS-SHE-P-0005 Procedure for Lock Out, Tag Out and Isolation

Supporting Document

1. S-OMS-SHE-F-0008 Check List form for system inspection before First Line Break
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Definition

1. Company means JSR BST Elastomer Co., Ltd.

2. Approval authorized person means a manufacturing shift supervisor who have been
trained and passed the examination, appointed and registered as the Approval authorized
person to consider the grant of work permit in the responsible area.

3. Applicant or work operator means the Company’s staff who is monitoring the work or

opening the equipment/pipeline for the First Line Break.

Schedule 2 PPE for First Line Break work

Type PPE

1. Hydrocarbon . Full Face shield
Standard PPE

Leather gloves

Eali A

Respirator

2. Chemical

. Chemical Protection Suit
2. Full Face shield
3. Boots
4

. Chemical Resistant gloves

3. Steam & Condensate

Full Face shield

N

- pafiannnnuion

[

Standard PPE
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4. Verification and confirmation method is the method that could confirm whether inside a

pipeline or equipment is free from dangerous substance, heat or pressure in accordance

with the theory, having procedure as follows;

4.1 Hydrocarbon shall be verified by substance metering equipment, and H/C level shall be
equal to 0%LEL.

4.2 Chemical which might be dangerous shall be measured by chemical metering method
i.e. collecting samples from lab or using litmus paper to check pH, etc.

4.3 Heat shall be verified by reading from temperature measuring gauge (TG) or Temp Gun,
and the value shall be less than 60°C.

4.4 Pressure shall be verified by reading from pressure measuring gauge (PG), and the
value shall be equal to 0 kg/cm2 (kscg.). Open the Vent Valve, Drain Vale of a pipeline
that intended to open. For equipment i.e. Vessel, a Drain shall be opened at the lowest
level and Vent shall be opened at the highest level of the equipment.

5. The Approval authorized person shall inform other manufacturing unit that there is a First
Line Break in their area, and the works concerning Purge / Drain / Vent shall be stopped. It
shall be certain that there is no Purge / Drain / Vent work, in order to authorize the opening
of the first equipment/pipeline in the manufacturing process (First Line Break).

6. PPE, according to Schedule 2, must be worn during the First Line Break operation.

7. Opening of the first equipment, the Nut thread shall be loosening enough to move the flange,
without removing Bolt/Nut from Flange at once. It shall be considered that there might be
remaining substance inside and shall be prepared to tighten the Bolt / Nut back in order to
prevent leakage which could not be contained (Loss of Containment).

8. The work operator opening the equipment shall not be positioned at the Line of Fire (position
that may have contact with the substance inside the equipment which could be spilled or
spouted to the work operator).

9. In case of opening the pipeline or equipment and found that the equipment having pressure
is clogged (Plug), the opening must be stopped and the area owner or equipment owner
shall be informed, in order to rectify the Plug or reduce pressure that might be remained

inside.
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Principle

1. Procedure for First Line Break (First Line Break) will be used when:

There is a work to open, remove a joint or closed flange of a pipeline or equipment
in the manufacturing process as the first part, in order to provide maintenance, inspection, or
cleaning. Such equipment shall be related to machine/equipment/ pipeline or other system
related to;

1.1 Hydrocarbon (H/C) which may cause flame or explosion

1.2 Hazardous chemical i.e. corrosive, toxic, flammable, reactive substances, etc.
1.3 Substance which is stored under the pressure of more than 0.5 kg/cm2 (kscg.)
and/or in temperature higher than 60°C i.e. Hydrogen, Nitrogen, Steam,
Condensate, etc.
1.4 Other substances which has been specified as hazardous substances i.e. N2,
H2, etc.
2. Activities which could be deemed as the first opening of equipment/pipeline in the
manufacturing process (First Line Break), are as follows;
2.1 Opening of flange or Breaking of the flange to put on the first Blind
2.2 Opening of the first Pipe End, Blind Flange
2.3 Removal of metering instrument in the first area i.e. Thermocouple, Control Valves, PSV,
PCV
2.4 Removal of flange equipment, first Pump and Vessel.
2.5 Removal/Opening of Strainer, Coalescer for cleaning or inspection.
2.6 Opening of Man Hole / Hand Hole of Vessel of Column, whether have accessed inside
for work or not (Confined Space).
2.7 Opening of pipeline flange in order to clean inside the pipeline.
2.8 Opening of Heat Exchanger or Disconnect line HC / Steam connected to Heat
Exchanger
2.9 Changing of Mechanical Seal of Pump, Agitator of Vessel
3. The Approval authorized officer shall verify whether there is any Hot Work Class 1 (H1) or
not. If so, the Approval authorized person shall inform the taskmaster of Hot Work Class 1
to (H1) to stop working. Therefore, It should be certain that the Hot Work Class 1 (H1) has
been stopped before signing permission to open the first equipment/pipeline in the

manufacturing process (First Line Break).
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Work flow for ing the first i I pipeline in the ing process (First Line Break)
Responsible Person Work Flow Document and/or related person

Applicant - Inform objective of the opening of equipment and request | |Procedure for Permit to Work
for permit to work Hot Work Class 2 (H2) (First Line Break) | [ 11t Work
v (Hot Work) (S-OMS-SHE-P-0019)
Approval - Stop all system relating to the pipeline or equipment that
authorized will be opened, according to the system Purge or Empty
person (area process, and shall inform the nearby manufacturing unit
owner) to stop Hot Work Class 1 (H1) and all types of Purge /

Drain / Vent work.
- Proceed with the Isolation of pipeline system or equipment

according to LOTO Procedure

Proceed with the Drain, Vent of pipeline and equipment, in
order to be certain that there is no remaining chemical or
H/C inside the equipment. All relevant PPE shall be used
as necessary. In case of having corrosive chemical, the
equipment needs to be sufficiently washed or flushed with
water and test the pH value of which must be in the range
of 6-7(pH).

Check the pressure inside the pipeline and equipment by
reading the value from metering gauge or open the Vent,

Drain Valve and the value must be 0 kg/cm2. Check

of the equipment and inside and it

must be lower than 60°C.

)

Approval - Jointly verify at the work site whether LOTO procedure had ||+ Procedure for Lock Out, Tag
authorized been processed and Confirm that the equipment Out and Isolation  (S-OMS-
person and preparation by the equipment owner is in accordance with || s o j0s)
Applicant the regulation, then sign acknowledgement jointly with the

Applicant.

Before proceeding with the opening of equipment according | |* Isolation List
to the procedure, the Shower / Eye Wash Station near to
the work site must be checked whether it is working
properly.

PPE must be used according to the necessity of such work

in order to prevent danger from the opening of equipment.
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o

Inspection List before First Line Break Break (S-OMS-SHE-F-0008) person.
Inspect and test the pipeline and equipment that it has no - If desire to proceed other work with the equipment

pressure, by checking at pressure measuring gauge and completed with First Line Break, the Permit to Work of
confirm by opening Vent and/or Drain Value that the value such other work must be requested in accordance with

shall be at 0 kg/cm2 the procedure for Permit to work application.

- Check of equij and inside Store the form S-OMS-SHE-F-0008 as guality record for

whether reduced to lower than 60 °C . 1 years.

)

Approval After confirmed at the work site before the completion of | [* Inspection List before First Line
authorized First Line Break, then the form S-OMS-SHE-F-0008 could||Break ( S-OMS-SHE-F-0008 )
person and be jointly signed.

Applicant

)

Approve Permit to Work, Hot Work Class 2 (H2) (First * Procedure for Permit to

Approval
authorized Line Break) as requested by Applicant Work for Hot Work (5-OMS-

person SHE-P-0019)

)

Applicant - When opening the equipment, the work operator shall not

be positioned at the Line of Fire (position that may have
contact with the substance inside the equipment which
could be spilled or spouted to the work operator)

- the first opening of equipment, the thread of nut shall be
loosened enough to move the flange, but not removing
Bolt /Nut out of Flange at once. It shall be considered
that there might be substance remaining inside and must
be ready to tighten back the Bolt/Nut in order to prevent
the leakage that could not be contained. (Loss of
Containment)

- In case of opening the pipeline or equipment and found
that the equipment having pressure is clogged (Plug), the
opening must be stopped and the area owner or
equipment owner shall be informed, in order to rectify the

Plug or reduce pressure that might be remained inside.

When the First Line Break process have been completed,
the Permit to Work, Hot Work Class 2 (H2) (First Line * Inspection List before First Line

Break) shall be closed with the Approval authorized Break (S-OMS-SHE-F-0008)
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PLAN - Activated carbon tank replacement on Y2022

no. i carbon tank Jun Jul Aug Sep Oct Nov Dec

V-0801 Wet solvent tank ph.1 v
V-0802 Dry solvent tank ph.1 N v
V-20811 Wet solvent tank ph.1 k v
V-20812 Dry solvent tank ph.2 v v‘
V-0803 Heptane tank 7
V-0195 Cyclohexane tank N
V-0248 Styrene tank v
V-0249 Toluene tank N

- 'AJC standby tank 1 v

- A/C standby tank 2 J

ACTUAL - Activated carbon tank replacement on Y2022
no. i carbontank | Jun Jul Aug Sep Oct Nov Dec

V-0801 Wet solvent tank ph.1 B
V-0802 Dry solvent tank ph.1 v v
V-20811 Wet solvent tank ph.1 k v
V-20812 Dry solvent tank ph.2 v v
V-0803 Heptane tank
V-0195 Cyclohexane tank
V-0248 Styrene tank
V-0249 Toluene tank J

- 'A/C standby tank 1 v

- A/C standby tank 2 N

Remark

V-0803 Heptane tank Lilasnfiunsildeunmuay iasandszangamlunisqadiy VOCs uav Activated carbon foannsataonule’
V-0195 Cyclohexane tank ‘Liladfiunsuldouauusy ffasnnilszangamlunisaady VOCs uas Activated carbon dosnnsalzionule
V-0248 Styrene tank "Lildafunsildouainusy iiasainlsrdvaaiwluansqadu VOCs uas Activated carbon dosnnsaldonle’
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