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A study for the safety improvement of above ground
membrane LNG storage tanks
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Rroducts R&D Division, Korea Gas Safety Corporation

1.4 &

LNG AZ"gas 7080 9712 E dd¥S(single containment) B Ei7F, 70
dd] 2uiEE 80dd Iwzlx:s F2 o] FW 3 (double containment) & Ej7}
0\ FWrEEE LA I A(full containment) BAZF AAE7] AlFEHLoH,
M7 % e vy 2 AT AAA A SHAA FF AFS AAE A
A (PR FIYE "IV RS 75 E 7}?‘1“ Fz2 SAws e Yz
A HagE )7 AFE FEY Ao oddr. 9= S EN 1473
2 BS 777 So we ojEwsa L LA A dxe] HFSF glo] A

=

EP OJZd*é% Zt= Ao dAwel WL WESS AXIA % FHE LT
2ol o3 L FE L UTh

FUe A$ SHLSIA LNG AZHAY Z9 20029 1080 EAZEEARYE
of A F AFHa AdF Fazle Hae FFF VT IFE A% vk

9
s
A7l Ad8 7t A BFES V15 S dRwstes A 15717 & F
olx 5717F A Fol Uk vy, WEEd LNG A=A Z¢ XA R
7]

o FATE ol 2747 “l"ko}“%“ olfrZ oF FIAYE HAY WRF
TS AAEA X3z U ‘

ek, £ dFdM e @37taTAA F4ds AT FRHAY AFRE
AL oln] WHE V5E JALel WM - AHT Qe WEY AFYA
o} vl - gESy, PEEHQ) LNG AZd2e] A4S FEA1717] A% 4A A
Mg F3l 4wz AgRase] g ?l%i"é—% grgoza Argd A%
g BFE 7|5AA S 4T ABAA A H7t A8 S FRGAA AU

- 123 —



2. 4B dQ LNG AZeae A u Frt 3y

Wree ING A3e8c] dg Fay BAE A BT AP9Hs
B 7zMS B GAA Wb PHS ALSgY. FRAML B¢ dAAH
7be LNG AFHae) Fas2(dads s, 2482, 1083 )¢ 348 8
22848 B8 A=Y LNG AFeA HA dAAS a5 LNG A
Azt v PBrietdn, AFEF ¥4 H7/HQRA)E AIZ¥IE=EA(FTA)S
28 27 7t2FA ABHEQ AFPA] RdL A5 Agyae v wa
AnNEg Brhstan, AFPe 5 B sk AA AAe vigez HF A
A AXEY FHEe LNG AZRas 71Fe ¢dwss] AFdas dd4L
NE - BAROEN HE AAAMSY A P4 JdEE AFsenz o
At tg9 <Table 1> 149 keF ¢AW3 4 LNG AZHa% ABHA
LNG AAeae gutxy 548 Jehdrh

<Table 1> comparison of the designs between full-containment and KOGAS merrbrane tank

EEE .| BB HA(KOGAS)
9% Nl STS 304
e A (57 10mm ~30mm) (57 2mm)
HA 3gA perlite(1,000mm) . PUF(200mm)
vlgt @A foam glass PUF
H . ==
11‘]7;{— ,\ﬁg ;TL i-%}g thermal Sensor N
U - 9] F A} N2E purge
Vapour NG 4 & 2~
. Carbon Steel mastic + epox
Vapour Barrier | (G Aw 3 *8 A CERRRE)

21 FZANE 53 AA ¢AA ¥
MSC/NASTRAN, MSC/MARCE o] &3] 140,000kt &< dx2#< LNG A

4928 $9 39 9ABEY ARYAFig D vz WP 2o Z=
FHA, 9% A = BRI FARF, AQHI), 9 Pae rI
FHA L FAE A v WA A B 33 4A ¥e 2BaFe
zho2 47 7z AR4L W - Brsg
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<Fig. 1> RIS S A ING MEHA(F) & YEeold ING HEEI(P)el otz

D WF B39 A= hdAg
FEHA LNG gz 3¢
AYE B3 des dAze
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o £29E A (perlite)’t FIHE F22Z F B3 Yy gas Zlsdd A &

Ak 2ol 7b 9l
AT 2004 Aoz SHHE A9 F B3 BE yRems w
8L EF 5 A& olyz oA o2 HMHUY. HAsF: 20
AAEF 20 ZHNAMAY H von Mises €8 ¥ o wHeZe o
<Table 2>¢} zro] v}epwrel,

<Table 2> results of strength safety assessment of internal tank
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T 7l & & AAEF | 2xAA S

., |© Max. von Mises &2|0 YS : 585 W

9% Ni% 320 640
(ASTM) (MPa) o TS : 690~825 MPa

© Max. 9% (mm) |o AAEL : Min. 20% 85 169

STS |o Max. von Mises $8|o YS : 170 WA
250 640

304L (MPa) o TS : 485 ¥
(ASTM) |© Max. 9 & mm) |[o dANE : Min 20%| 085 1.8

2) R g3 =74 kA
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<Table 3> results of impact analysis by flylng object

229X "’;”&4‘1 ggréte.,"f?ﬂ e e
X]—5(45°) 60 cm 770 cm 6.7 MPa
oy el 3 Ah(45°) [Knuckle® 150 cm| 240 cm | 36.3 MPa
AEE A AH0°) |[Knuckled 150 cm| 335 cm | 50.8 MPa
QR FH45°) 75 c¢cm 283 cm | 435 MPa
B3I FH0°) 75 cm 40.6 cm | 60.0 MPa

3) grezel AAsFol hF AP

02 g9 =X RAsF sl MSC/NASTRANE o83 HAA SHaY
(transient response analysis)S 88l LNG AZda FZEd ZIdes SHE

X9} W9 AFHL AMaFTh F A A HHRdgA 7Y A T
$ Qe SRAEFYR, AEFGRG Ay R, g9y S99 T4, 59
A7 ‘3]"‘)’0] Tt ZUR)) s ¥ B3 FxEY $54 sHAMZAH
9 WMy AZg] st orHA ML FHIAL, <Fig. 2> 2 <Fig. 3>o=
X]% gro g HHAHAE YetUH

—®—58% NI (E_5483)
—e—Membrane (E_5819)

Von Mises Stress (MPa)

Time (sec)

<Fig. 2> strength variation depended on time(on the center of roof)
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<Fig. 3> displacement in the z(left) a
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<Table 4> top event frequendies between ful~oontainment tark and initiadl KOGAS membrare tank

T B full-containment tank membrane tank
External Leak 1.63 x 10° 447 x 107°
Internal Leak 1.08 x 10 1.33 x 10
Vapour Leak 1.80 x 107! 8.02 x 107°
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<Table 5> main MCS's for External leak in the membrane tank

.. Frequency
Frequency Cut Set Event Descriptions Trportance
WELL RETAIN |Dropped pump retained in well
WELL DETAT  |Well to dome connection fails given dropped pump
- [PUMP UFT  [Pump lift in tank o
304E-06 PUMP DROP INT [{Pump dropped during lift in tank 68.05%
P WELL DIRECT |Dropped load penetrates base-mat directly
WELL MB Falling well penetrates membrane
e |SEISIN Seismic failure of inner tank (NiSt or Membrane) o
1.00E-06 SESOUT Failure of outer tank given seismic failure of inner tank 22.39%
SLAB MEVB Failure of membrane given structural failure of base-slab
ICE CRACK Ice heave cracks base slab
CS FAILS Failure of primary CS coils
1.34E-07 ' TANK LIFE Tank life frequency 412%
PROB SEC OOII.  |Failure probability of secondary coil
INERT PROT FAIL |{Inerting fails to protect secondary coil
ICE CORRECT  |Failure to correct long term failure of base heating
2) W7t A%
S5y P2 A8 92 HARY F 6 /b4 Felol oS AnuES FFHO

2 37tg Zde ofg Y <Fig. 3> Zo] Y.

External LNG Leak Frequency (/million years)

O Cther
D Basa siab heating
[ Dropped Pump

O Selsmic

Full
Containm
Tank

Mo03 MOD4
MOD1 - MT + Absorber sruclure only
MOD2 - MT + Absorber and 2nd barrier
MOD3 - MT + Absorber and pump caicher
MOD4 - MT + Absorber, pum p catcher and 2nd hamier

Membrane Tank MODY

ont

<Fig. 3> comparison of the external LNG leak frequencies for the tank designs
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