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The first Low- and Intermediate-Level Waste (LILW) disposal facility with 6 silos has been constructed in granite host
rock saturated with groundwater in Korea. A two-dimensional numerical modeling on gas migration was carried out using
TOUGH2 with EOSS module in the disposal facility. Laboratory-scale experiments were also performed to measure the
important properties of silo concrete related with gas migration. The gas entry pressure and relative gas permeability of the
concrete was determined to be 0.97+0.15 bar and 2.44x10""” m?, respectively. The results of the numerical modeling showed
that hydrogen gas generated from radioactive wastes was dissolved in groundwater and migrated to biosphere as an aqueous
phase. Only a small portion of hydrogen appeared as a gas phase after 1,000 years of gas generation. The results strongly
suggested that hydrogen gas does not accumulate inside the disposal facility as a gas phase. Therefore, it is expected that

there would be no harmful effects on the integrity of the silo concrete due to gas generation.
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Table 1. Composition of concrete specimen

: Gas Migration in Low- and Intermediate-Level Waste (LILW) Disposal Facility in Korea

S/ Proportion (kg/m’)
W/(C+F) %
() Water Cement Fly-ash 3/4" Coarser Finer WRA AEA
40.0 384 206 412 103 961 357 241 23193 0.1287
* Standard Specification of Concrete based on Ministry of Land, Infrastructure and Transport (MOLIT)
Table 2. Charateristics of concrete specimen
. Permeability Porosity® Density
Material
ki[m’] [-] [kg/m’]
Concrete 2.44E-17 0.10 2389
Flowmeter
: s T me—
Flowmeter E
v i
Pressure
<3 Regulator

Flow
PC g Regulator

__ | Diff. Pressure
Gauge

PN N2
Tank

X
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Fig. 1. Schematics of experimental apparatus.
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Fig. 2. Geometry of the model domain.

Table 3. Input parameters of van Genuchten function
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Fig. 3. Distribution of hydraulic head at initial condition.

van Genuchten function parameters

Materials Relative permeability Capillary pressure
n L Sir Sis Ser A Sir El/’f;j Sis
Waste 2 0.50 0.30 0.895 0.01 0.5 0.25 500 0.9
Crushed -rock 2 0.50 0.30 0.895 0.01 0.5 0.25 500 0.9
Concrete 1.54 0.35 0.25 1.0 0.01 0.35 0.20 0.97E+5 1.0
Host rock 1.67 0.40 0.3 1.0 0.01 0.4 0.25 4000 1.0
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Fig. 4. Measurement of gas entry pressure of concrete specimen
(100% water saturation, 0.lmL/min gas flow rate).
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Fig. 5. Migration of hydrogen gas dissolved in groundwater after closure (full scale)
[(a) 1 year, (b) 10 years, (c) 100 years, (d) 200 years, (¢) 1,000 years, (f) 1,400 years].

JIJNFCWT Vol.12 No.4 pp.267-274, December 2014

271



Jaechul Ha et al. : Gas Migration in Low- and Intermediate-Level Waste (LILW) Disposal Facility in Korea

FaBES 7|A] #F(gas entry pressure) S AT}

£ Fig. 4ol YERITE Fig. 4o vERd vle} 2o 100%

Ei}% 232 E A#H A& 7]1AE 0.1 mL/min®] &

2 Fdste] 33 HAS st @A A
/\}%_‘E Zaz e A

0.9740.15 bar2 A =3t}

71& 3 A= AP 7 E AR A ol AMEE 23

2l E 9] 7|4 2% (gas entry pressure)= 1~50 bar B $] ]|

A B3aka gehy). # AP dvhs 71 3 @l Mg

< W9l 3 Qv 7€ 2 HES dF U]F’Liﬂ

o

A5 (gas entry pressure)

[

1.00E-12 1.00E-11 1.00E-10 1.00E-09 1.00E-08 1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03

Elevation (Y, m)

1400
Distance (X, m)

(@)

1.00E-12 1.00E-11 1.00E-10 1.00E-09 1.00E-08 1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03

Elevation (Y, m)

1400
Distance (X, m)

©

[ [ [ [ [ [

1.00E-12 1.00E-11 1.00E-10 1.00E-09 1.00E-08 1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03

& BE, AR, angle o] 5 BA] Aol g 03}
WA 7Fse] ek, W, B ATl E A5E ot
Zae|E A9 A 71AE 47 Fstel AU 249 4
BE AA el O 77k fte g ddE

LR AR 1 S S50 Sisol 710 7

Q1QFES 2bar, 3 bar, 4 bar =741 7] W A &S =359 Eq
0% X3t ZAE AlHS] 7] TJ’]'EE‘ 2.44x10"7 m

SR HJo FAE A E3EE FTHS BT )2}
WA EREE A5 For asts AgS Heo
o, o] A= 71&] B w3 FrARE BEFS e
CHsIOL Atd = ZA2|E Al s SH€ AT
(gas entry pressure)¥} 7|4 %2} =(gas permeability) 27}

o]

=
b4

1.00E-12 1.00E-11 1.00E-10 1.00E-09 1.00E-08 1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03

E
z
c
2
=]
=
>
<
w
’ 1400 1600
Distance (X, m)
(b)
| [ [ I | |

1.00E-12 1.00E-11 1.00E-10 1.00E-09 1.00E-08 1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03

E
=
<
2
=
>
@
w
: 1 1
1400 1600
Distance (X, m)
(d)

I I [ I I [

1.00E-12 1.00E-11 1.00E-10 1.00E-09 1.00E-08 1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03

— 0

€

= 80

< 100 4

0

w120

]

o 40

-160 1 r L n L 1 L
1400 1600
Distance (X, m)

Fig. 6. Migration of hydrogen gas dissolved in groundwater after closure (local scale)
[(a) 1 year, (b) 10 years, (c), 100 years, (d) 200 years, (e) 1,000 years, (f) 1,400 years].
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Fig. 7. Change of hydrogen gas density after closure
[(a) 1 year, (b) 10 years, (c), 100 years, (d) 200 years, (¢) 1,000 years, (f) 1,400 years].
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