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CCS(Carbon Dioxide Capture and Storage)< =4 7}2- 8] Q1 F 3}l CO, & Z5F317] 91 tht o &2 A,
ARIE 9 A7} 2] ol A dAehe th &9 CO, & 3, U5-d3tato] Aaddol Agjete dde d Ad s
3t} oo, L H CO= % A8 A-Foll AN A& A4 5HA Dt CO,= YR 2 2 v 7t A, 54
Tt 2 ALl A 31 ks d o7 JHsA o] 3Ekg 7hA Rk, A R A E o] B3 52k 100bare] Y
o etgo g Ry o, X3 H 7hxe 23HE EET ASE Foll 93] 8719 Ao 2 1% EEY £

o] dojd 7HsAl o] Tk

Zu A= GubA 0 2 INT AEE HE 53 A4 4= 3lem, Co, YA AR A= U] Co,5 BH35)7]
23 A EE §7)9 £ 100,000L(100%) 2 7Y 5+ Al4tst At A4k-e B3ke] oF 100barZ I35 o} A%+
H 10052 YA AR A 17171 Z8E uf o] Z209) 8 & 4HE31H, U 252346 1b 0], o] & 34814 <F 1064 kg9
TNT7} Z3435h= 805U A2 2 A4teth 254 0 2 1E 9] Aol w2 332 $H4FH A (scaling law)
< 53 ARk =3, 23t o 2 Q13 1A 433 ol th 3l ¥ & & (Lung Haemorrhage) 2 <18+ A3} 31.8}91}
g 59 A8 E 125} Probit =22 Esle] =454

Abstract - CO, is non-flammable, non-toxic gas and not cause of chemical explosion. However, various
impurities and some oxides can be included in the captured CO, inevitably. While the CO, gas was temporarily
stored, the pressure in a storage tank would be reached above 100bar. Therefore, the tank could occur a phys-
ical explosion due to the corrosion of vessel or uncertainty. Evaluating the intensity of explosion can be calcu-
lated by the TNT equivalent method generally used. To describe the physical explosion, it is assumed that the
capacity of a CO, temporary container is about 100 tons. In this work, physical explosion damage in a CO, stor-
age tank is estimated by using the Hopkinson'’s scaling law and the injury effect of human body caused by the
explosion is assessed by the probit model.
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Fig. 1. Schematic diagram of CCS process[2].
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Fig. 2. Reported failure modes for CO, pipelines
(IPCC,2005).

Fig. 3. CO, pipeline corrosion by impurities.
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Table 1. Recommendation and issues on CO, equa-
lity of liquid CO,, transport

Limit
concentrations
of impurities
in CO, stream,

Major issues

HO | < 5 ppm
Acid forming components e.g.
HS | 5
2 ppm Corrosion SO,, CO, combined with water
CO | 5 ppm Water content has to be < 50
ppm to ensure no free water
O, | 100 ppm
CH, |< 2 vol%

Hydrate forming components, e.g|

H.,S, CO, combined with water

N, |< 4 vol
? vol% | Hydrate Water content has to be < 50

ppm to ensure no free water
Ar |< 4 vol%

H, |< 4 vol%
Concentration < 4mg/Nm’®

SOx | 5 ppm | Particulate Size 0.3 ~ 0.8 micron

Velocity < 2 m/s

NOx | 5 ppm

Stefan Liljemark et al., CO, Quality
— Transport Aspects, IEA Workshop, Oct. 2008.
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Table 2. The CO, storage tank specification
(assumption)

CO, Storage tank capacity 100,000 L (1,000 kg)
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Table 4. TNT equivalent as the volume of the

Filling pressure 70 bar tank
Internal pressure 100 bar
The volum(ev;)f the tank TNT equivalent
Table 3. Conversed parameter of specifications L @ b ke
Parameter Specification Conversion(US) 1,000 35.3150 23.4651 10.6436
\ 100,000 L 3,532 ft* 5,000 176.5750 117.3254 53.2178
P 100 bar 1,450.40 psia 10,000 353.1500 234.6507 106.4357
P, 1 bar 14.50 psia 50,000 1,765.7500 1,173.2537 532.1785
Py 1 bar 14.50 psia 100,000 3,531.5000 2,346.5074 1,064.3570
T, 15 C 518.67 °R 150,000 5,297.2500 3,519.7611 1,596.5355
To 15C 518.67 °R 200,000 7,063.0000 4,693.0148 2,128.7140
R - 1.987 Btu/lbmale °R 300,000 10,594.5000 7,039.5222 3,193.0709
S 15 - Sar7h 83 %) A|199 A2E 2015 42
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Fig. 4. The propensity between scaled distance
and overpressure(SI unit).

Table 5. Equations for the blast parameters func-

tions provided in figure 4

0.0674=<Z7Z<40
a -0.214362789 b 1.3503425
c0 2.780769166 c6 -0.026811235
cl -1.695898874 c7 0.109097496
c2 -0.154159377 c8 0.001628468
c3 0.514060731 c9 -0.021463103
c4 0.098855437 cl0 0.000145672
c5 0.293912623 cll 0.001678478
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The overpressure according to distance
from the area of explosion
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Fig. 5. The overpressure according to distance from
the area of explosion.

Table 6. The overpressure according to distance
from the explosion spot (kPa)

TNT . Scaled Over
) Distance .
equivalent R(m) distance pressure
W(kgTNT) Z(m/kg'") kPa
1 0.0979 39,275
5 0.4897 5,036
10 0.9794 1,417
15 1.4691 578
20 1.9588 298
1064.3570 25 2.4486 180
30 2.9383 121
35 3.4280 88
40 39177 68
50 4.8971 45
60 5.8765 33
#HgE AAS & Eisenberg (1975) Tl 23] A5
At} Eisenberge 3 F 102t g ol 71ske] 242l
ZTVFoE QI3 AR el ol thal] Probit
2o ARRSt] ot o] AlASAT[6][7]

(1) HAEEZ A3 Ade] H$-
P = —T7714691 InP, @
(2 1eatge
P .= —156+1.93 In P, ®)
4714, P, 333K (Peak Overpressure [N/m?])
< Jehith § 4 %ﬁﬁ TF8l1% Probit %2 Table
8& Fasle & Fo=E Yed 4 ok

17 -

Z Zdk
-

=

obo| w2 vl e L

Table 7. Diagnostic Features of Explosion Da-

mage(Lees(1980)
Overpressure
Explosion Damage
(psi) (kPa)
003 021 Large glass w1nd0}vs which already under
strain broken

0.04 0.28 Loud noise. Sonic boom glass failure
0.15 1.03 Typical pressure for glass failure
0.3 2.07 95% probability of no serious damage

05-1| 3.45-6.89 Large and small windows usually

shattered
0.7 4.83 Minor damage to house structures
L 6.89 Partial demolition of houses, made
' uninhabitable
13 3.96 Steel frame of clad building slightly

distorted

Non-reinforced concrete or cinder walls

2-3 | 13.79-20.68 <hattered

2.3 15.86 Lower limit of serious structural damage

Steel frame building distorted and pulled

3 20.68 from foundation

3-4 | 20.68-27.58 Rupture of oil storage tanks

5 34.47 Wooden utility poles snapped

5-7 | 34.47-48.26 | Nearly complete destruction of houses

7 48.26 Loaded train wagons overturned

9 62.05 Loaded train box.cars completely
demolished

10 68.95 Probable total destruction of buildings

300 | 2068.4200

Limit of crater lip

* V. J. Clancey, "Diagnostic Features of Explosion Damage”,
Sixth Int. Mtg. of Forensic Sciences, Edinburgh(1972)

$ o} Zo] Probit g o] &3t AiE 53
T2 Q1Ae] F3lol| tislAl= Table 99} Zth.
Table 99| 4] Y#k2 Probit 4t UeER)H, o] uj&
WESS F3HS T

TNT 332 o] 1064 kg - TNT ¢ wj ZAz
7} 20m ©JWjel ¢ 298 kPa91 AH o) HEH
Al pEbsldo] dojid FEo] 100%0]H, o F
A& o5t A &2 F43] 2438l 35me]
4 oz A = AFGEEC] 0% 7HEA ®Th 1

Bh=E 7 A8 3 %] 4198 A|25 2015\ 49



Table 8. Conversion
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from Probit to Percentages
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4.05

4.08

4.12

20,

4.16

4.1914.23

4.26 | 4.29

4.33|4.36

4.39

442

445

30,

448

4.50 | 4.53

4.56 | 4.59

4.61|4.64

4.67

4.69

4.72

40

4.75

4.77 | 4.80

4.82|4.85

4.87 [ 4.90

4.92
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497

50

5.00

5.03 (5.05

5.08 |5.10

5.13(5.15

5.18

5.20

5.23

5.25

5.28 [5.31

5.3315.36

5.39 (541

5.44

5.47

5.50
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5.52

5.55|5.58

5.61|5.64
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5.74

571

5.81

80,

5.84

5.885.92

5.95|5.99

6.04 | 6.08

6.13

6.18

6.23

6.28

6.34 | 6.41

6.48 | 6.55

6.64 | 6.75
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7.05

7.33

%

0.0

0.1 |02

03 | 04

05 | 0.6

0.7

0.8

0.9

99

7.33

737|741

7.46 | 7.51

7.58 | 7.65

7.75

7.88

8.09

Table

9. The probability of body injury accor-
ding to the distance from the explosion

spot

Distance

P

Death

Eardrum rupture

(m)

(kPa)

(%)

Y

(%)

1

39,275.124

43.73

100.00

18.15

100.00

5,036.538

29.54

100.00

14.18

100.00

1,417.498

20.78

100.00

11.74

100.00

577.708

14.57

100.00

10.00

100.00

20

297.621

9.99

100.00

8.72

99.99

25

179.598

6.50

93.33

7.75

99.70

30

120.862

10.82

6.99

97.65

35

87.856

0.03

6.37

91.47

40

67.541

0.00

5.86

80.58

50

44.788

0.00

5.07

52.78

60

32.847

0.00

4.47

29.85
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Fig. 6. The graph of the probability according
for Table 9.
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