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Identifying the point of Leak

S Material Relevant . cetDeck  -S3KNeight | e dia  Pressure  leak direction ot NOS
# modules (Location) simulation
(6 CMR M9 Process Dk. Tm 5mm 60bar -Z 6
15m 10mm
20mm
L 2 3 1 1 6
(
7 CMR M9 Process Dk. Tm 5mm 60bar -z 9
5m 10mm
16m 20mm
3 3 1 1 9
\
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Vapor Aerosol

> 2 vol% > .004 vol%
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GRAPHICAL CATEGORY OPERATIONAL CATEGORY

Operatio Leak

Relati dul No of nal mode Leak hole Hole Sizef Represent Hsiihltt Leak  direction Sconrio Segment leak GexG Pool
Line Segm't Material eaL ne module, 00 Target deck Operational Mode probabilit Pressure eak hole  frequency for gy height probability Lear probabili oceurance frequency extuon run oo.
ocation sets size the segment allocation direction frequency N # formation
¥ (time/year) (m) %) by (time/year) (time/year)
(%) (%)

1 1 Gc2 M5/M6 1 Process deck Normal production 1.00 30 20 9.29E-04 10 0.50 -Z 1.0 4.65E-04 - np

2 1 c2 M5/M6 1 Process deck Normal production 1.00 30 20 9.29E-04 15 0.50 -Z 1.0 4.65E-04 - np

3 1 C2 M5/M6 1 Process deck Normal production 1.00 30 10 6.50E-04 10 0.50 -Z 1.0 3.25E-04 - np

4 1 G2 M5/M6 1 Process deck Normal production 1.00 30 10 6.50E-04 15 0.50 -Z 1.0 3.25E-04 - np

5 1 c2 M5/M6 1 Process deck Normal production 1.00 30 5 1.23E-02 10 0.50 -Z 1.0 6.17E-03 - np

6 1 c2 M5/M6 1 Process deck Normal production 1.00 30 5 1.23E-02 15 0.50 -Z 1.0 6.17E-03 1.39E-02 - [

7 2 G2 M5/M6 1 Process deck Normal production 1.00 30 20 1.66E-03 1 0.50 -z 10 8.30E-04 600120 *

8 2 G2 M5/M6 1 Process deck Normal production 1.00 30 20 1.66E-03 5 0.50 -Z 1.0 8.30E-04 600520 n|

9 2 c2 M5/M6 1 Process deck Normal production 1.00 30 10 1.02E-03 1 0.50 -z 10 5.10E-04 830110 *
10 2 c2 M5/M6 1 Process deck Normal production 1.00 30 10 1.02E-03 5 0.50 -Z 1.0 5.10E-04 830510 np

11 2 G2 M5/M6 1 Process deck Normal production 1.00 30 5 1.43E-02 1 0.50 -Z 1.0 7.17E-03 830105 np

12 2 G2 M5/M6 1 Process deck Normal production 1.00 30 5 1.43E-02 5 0.50 -Z 1.0 717E-03 1.70E-02 - np

13 3 CMR M5/M6 1 Process deck Normal production 1.00 60 20 2.87E-04 15 1.00 -Z 1.0 2.87E-04 - np

14 3 CMR M5/M6 1 Process deck Normal production 1.00 60 10 2.19E-04 15 1.00 -Z 1.0 219E-04 - np

15 3 CMR M5/M6 1 Process deck Normal production 1.00 60 5 3.82E-03 15 1.00 -Z 1.0 3.82E-03 4.32E-03 - np

16 4 LNG M10 1 Process deck Normal production 1.00 60 20 5.74E-04 5 0.50 -Z 1.0 2.87E-04 400520 np

17 4 LNG M10 1 Process deck Normal production 1.00 60 20 5.74E-04 15 0.50 -Z 1.0 2.87E-04 - np

18 4 LNG M10 1 Process deck Normal production 1.00 60 10 3.70E-04 5 0.50 -Z 1.0 1.85E-04 - np

19 4 LNG M10 1 Process deck Normal production 1.00 60 10 3.70E-04 15 0.50 -Z 1.0 1.85E-04 - np

20 4 LNG M10 1 Process deck Normal production 1.00 60 5 4,95E-03 5 0.50 -Z 1.0 248E-03 - np

21 4 LNG M10 1 Process deck Normal production 1.00 60 5 4.95E-03 15 0.50 -Z 1.0 248E-03 5.90E-03 - np

22 5 LNG M10 1 Process deck Normal production 1.00 60 20 1.13E-03 2 0.50 -z 1.0 5.64E-04 400220 [UPOOLT
23 5 LNG M10 1 Process deck Normal production 1.00 60 20 1.13E-03 15 0.50 -Z 1.0 5.64E-04 - np

24 5 LNG M10 1 Process deck Normal production 1.00 60 10 1.14E-03 2 0.50 -z 1.0 5.69E-04 810210 [IPOOL
25 5 LNG M10 1 Process deck Normal production 1.00 60 10 1.14E-03 15 0.50 -Z 1.0 5.69E-04 - np

26 5 LNG M10 1 Process deck Normal production 1.00 60 5 1.97E-02 2 0.50 -Z 1.0 9.83E-03 Refer to 8210¢ np

27 5 LNG M10 1 Process deck Normal production 1.00 60 5 1.97E-02 15 0.50 -Z 1.0 9.83E-03 2.19E-02 - np

28 6 CMR M9 1 Process deck Normal production 1.00 60 20 251E-04 1 0.50 -z 1.0 1.25E-04 500120 [IUPOOL
29 6 CMR M9 1 Process deck Normal production 1.00 60 20 251E-04 15 0.50 -Z 1.0 1.25E-04 - np

30 6 CMR M9 1 Process deck Normal production 1.00 60 10 2.45E-04 1 0.50 -z 1.0 1.23E-04 820110 [UPOOL
31 6 CMR M9 1 Process deck Normal production 1.00 60 10 2.45E-04 15 0.50 -Z 1.0 1.23E-04 - np

32 6 CMR M9 1 Process deck Normal production 1.00 60 5 4.35E-03 1 0.50 -Z 1.0 2.18E-03 820105 np

33 6 CMR M9 1 Process deck Normal production 1.00 60 5 4.35E-03 15 0.50 -Z 1.0 2.18E-03 4.85E-03 - np

34 7 CMR M9 1 Process deck Normal production 1.00 60 20 2.58E-03 1 0.33 -z 1.0 8.59E-04 500120 [IPOOLT
35 7 CMR M9 1 Process deck Normal production 1.00 60 20 2.58E-03 5 0.33 -Z 1.0 8.59E-04 500520 np

36 7 CMR M9 1 Process deck Normal production 1.00 60 20 2.58E-03 15 0.33 -Z 1.0 8.59E-04 - n|

37 7 CMR M9 1 Process deck Normal production 1.00 60 10 2.02E-03 1 0.33 -z 1.0 6.72E-04 820110 *
38 7 CMR M9 1 Process deck Normal production 1.00 60 10 2.02E-03 5 0.33 -Z 1.0 6.72E-04 - np

39 7 CMR M9 1 Process deck Normal production 1.00 60 10 2.02E-03 15 0.33 -Z 1.0 6.72E-04 - np

40 7 CMR M9 1 Process deck Normal production 1.00 60 5 3.17E-02 1 0.33 -Z 1.0 1.06E-02 820105 np

41 7 CMR M9 1 Process deck Normal production 1.00 60 5 3.17E-02 5 0.33 -Z 1.0 1.06E-02 - np

42 7 CMR M9 1 Process deck Normal production 1.00 60 5 3.17E-02 15 0.33 -Z 1.0 1.06E-02 3.63E-02 - np

43 8 LNG M9 1 Process deck Normal production 1.00 1 20 2.33E-03 10 0.50 -Z 1.0 1.16E-03 - np

44 8 LNG M9 1 Process deck Normal production 1.00 1 20 2.33E-03 15 0.50 -Z 1.0 1.16E-03 - np

45 8 LNG M9 1 Process deck Normal production 1.00 1 10 1.82E-03 10 0.50 -Z 1.0 9.11E-04 - np

46 8 LNG M9 1 Process deck Normal production 1.00 1 10 1.82E-03 15 0.50 -Z 1.0 911E-04 - np
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Release Diameter: 20 mm
Pressure: 3.5 Barg
Rainout: 0%

Aerosol VF: 15%
Release Direction: -Z
Wind Direction: N/A
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np : No Pool formed

, Equiv. ) max Pool Dia(m)
Material P Hole  Height | GexCon rainout
(barg) (mm)  (m) Run # % at peak 0.5min  1min  3min  10min

T TN

LNG 3.5 20 1 2 |y -z [ 1236101 | 24.5% 3.6 4.6 4.9 4.9

LNG 3.5 20 V== | 123620 ="

LNG 3.5 20 10 -z | 123630 np

LNG 3.5 20 15 -Z - np

LNG 3.5 10 2 -z | 122610 np

LNG 3.5 10 5 -z 122620 np

LNG 3.5 10 10 -z | 122630 np

LNG 3.5 10 15 -2 - np

LNG 3.5 5 2 -z | 121610 np

LNG 3.5 5 5 -z 121620 np

LNG 3.5 5 10 -z | 121630 np

LNG 3.5 5 15 -z - np
ey

LNG 1 20 | 2y -z | 100220] | 51% 07 0.8 0.9 0.9

LNG 1 20 Vemsmw 7 [ 20500 Yyypemw
’ LB

LNG 3.5 50 | 5 \I -z | 124620 i-\l 29.4% 8.4 11.2 136 13.6

LNG 3.5 50 Cemg@ewr ;| 124630 Yoy =

LNG 3.5 50 15 -2 - np
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np : No Pool formed

_ Equiv. max Pool Dia(m)
Material P Hole  Height vl GexCon rainout
(barg) (mm)  (m) Run# _ _ _ 9% atpeak 0.5min 1min  3min  10min
rE T TN
C2/WMR 30 20 | 1] -z s00120l I 75.3% 7.4 10.1 13.9 14.0
| Sp— 4 | Sy

C2/WMR 30 20 T -Z 600520 np
C2/WMR 30 20 10 -Z - np
C2/WMR 30 20 15 -Z - np.
C2/WMR 30 10 | 1 | -Z azo110l | 43.1% 3.8 4.6 4.6 4.6
C2/WMR 30 10 V=57 SBOSIO‘ﬁ-J
C2/WMR 30 10 10 -Z - np
C2/WMR 30 10 15 -Z - np
C2/WMR 30 5 1 -7 830105 np
C2/WMR 30 5 5 -Z - np
C2/WMR 30 5 10 -Z - np
C2/WMR 30 5 15 -Z - np

CMR 60 20 |'_ 1 1| -Z 500120] | 67:5% 8.7 11.8 15.8 15.8

CMR 60 20 \mgpw 7 500520‘@ ==’ 2.0% (¢0.5m at 1sec, then np after 2sec )

CMR 60 20 15 -Z - np
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UK HSE HCRD(Hydrocarbon Release Database)& (& ?
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== Data New method —+—=Data New method
1.E-01 1.E-01
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0.01 0.1 1 10 100 0.01 0.1 1 10 100
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Fig. 1-12 Brittle fracture of LPG storage tank in Qatar 20
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o Effective hydrotest ; Effectively high warm prestressing.
Subsequent growth of any crack, extreme embrittlement
by strain aging etc. are not allowed.

o S.C.A.; Short Crack Arrest. The brittle crack is arrested
because the initiation took place at a small embrittled
region in heterogeneous material.

o L.C.A.; Long Crack Arrest. A long propagating

crack is arrested because it runs into No
quite tough (another) material. No crack
o No propagation in shear; No Eliactive Yes
The arrested long crack
is safely contained in 2 8c> Breq, Yes
the structure even at
stress redistribution Yes
after arrest. No
S.C.A.
No “L.caA. Yes
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No Sa:\
outer Yes
tank
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fngg'i"r::d's No propagation No initiation
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Fig. 1-25 The double integrity
concept?’)
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