9 Ashat, fegstex]

AN7E ANZE, 2007d 24, pp. 56~65 Journal of Korean Society for Rock Mechanics

UISZA XI5E LNG ME AL HAIE 2let 71skE2] 4h8

1)
Hag

-t ’

uro|?*, 0|5|4, &

Determination of Boil-Off gas Ratio for the Design of Underground
LNG Storage System in Rock Cavern

So-Keul Chung, Eui-Seob Park, Hee-Suk Lee and Woo0-Cheol Jeong

Abstract A new underground LNG storage concept in the rock mass has been developed by combining underground
cavern construction and new ice-ring barrier technologies with the conventional cryogenic insulation system.
Technical feasibility of the storage system has been verified through construction and operation of the pilot storage
cavern and a full-scale project is expected to start in the near future. One of the most important issues in the
LNG storage system is the operational efficiency of the storage to minimize heat loss during a long period of
operation due to the cryogenic heat transfer. This paper presents several important results of heat transfer and coupled
hydro-thermal analyses by a finite element code Temp/W and Seep/W. A series of heat transfer analyses for full-scale
caverns were performed to determine design parameters such as boil-off gas ratio (BOR), insulation thickness and
pillar width. The result of the coupled hydro-mechanical analysis showed that BOR for underground storage system
remains at about 0.04 %/day during the early stage of the operation. This value could be even much lower when
the discontinuities in the rock masses are taken into consideration.

Key words Underground LNG storage cavern, Cryogenic, Heat transfer, Boil-Off gas Ratio (BOR), Ice-ring
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Fig. 2. In- and outside view of the underground pilot storage facility in KIGAM, Daejeon
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Table 1. Comparison of BOR for different type of LNG storage

Item Above-ground

In-ground Underground

BOR Membrane: 0.1
(Vol. %/day) 9% Nickel: 0.05-0.075

Membrane: 0.1 Membrane: 0.02-0.05

Basis Design requirement

Design requirement Theory and calculation

Table 2. Input properties for reference heat transfer analysis with finite element model

Property PU Foam Concrete Rock
k (W/m'C) 0.020 2.627 2.627
Specific heat (J/kgC) 1674 710 710
Density (kg/m’) 65 2500 2700
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Fig. 3. Cavern section and model boundary for analysis

Table 3. Material properties for heat transfer analysis

. T. conductivit Volumetric heat capacit
Material (s, W;lm/"C)y (Co, J/m3/°C)p Y
PU foam Grade A, E 1.088x10°
Concrete 2.627 2.30x10°

Rock 2.627 2.49x10°
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Table 4. Thermal and hydrogeological properties for Hydro-Thermal analysis

Thermal Hydrogeolgical
. Thermal conductivity Volumetric heat capacity o
Material (k, Wim/°C) (Cp, T /o0) Hydraulic conductivity
Frozen Unfrozen Frozen ‘ Unfrozen (m/sec)
PU foam Grade A, E 1.088x10° Optional
Concrete 2.621 2.554 2.28x10° J 2.32x10° 1.0x107
Rock 2.621 2.554 2.48x10° | 2.52x10° (at saturation)
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Fig. 6. A typical contour of heat propagation after 30 years of operation for prototype LNG storage cavern (Thermal
conductivity k=0.02)
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Fig. 7. Typical temperature profile along horizontal center of caverns after 30 years of operation
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