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Thermal, Hydraulic and Mechanical Analysis for Disposal of Spent
Nuclear Fuel in Saturated Rock Mass in the KBS-3 Concept.

Keun-Moo Jang, Yeong-Soo Hwang and Sun-Hoon Kim

ABSTRACT Reference concepts for the disposal of spent nuclear fuel and the current status of
underground rock laboratory were studied. An analysis to simulate the deep disposal of spent nuclear
fuel in saturated rock mass was conducted. Main input parameters for numerical study were
determined based on the KBS-3 concept. A series of results showed that the temperature distribution
around a cavern reached the maximum value at about 10 years after the emplacement of spent fuel.
The maximum temperature at the surface of canister was more than about 120°C at about 4 years. This
temperature was not much higher than the temperature criteria to meet the performance criteria of an
artificial barrier in the KBS-3 concept. The maximum upward displacement due to the heat generation
of spent fuel was about 0.9 cm at about 10 years after the emplacement of spent fuel. It turned out that
the vertical displacement became smaller with the decrease in heat generation of a canister. The
quantity of groundwater inflow into a disposal tunnel increased by about 1.6 times at 20 years after the
emplacement of spent fuel with the increase of pore pressure around a cavern.
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Table 1. General design parameters for KBS-3, MLH, VLH and VDH concepts®

KBS-3 MLH VLH VDH
Operation time (year) 20 20 20 20
Repository depth (m) 500 500 500 2,000~4,000
Access to the repository level Ramp Ramp Ramp -
Spacing of deposition drifts/holes (m) 25 25 100 500
Spacing of canisters (m) 6.0 5.0 5.9 54
Canister dimensions (dia X length) (m) 0.88x4.58 0.88x4.58 1.6x4.99 0.5x44
Diameter of deposition drifts/holes (m) 1.6 1.6 24 0.8
Typical length of deposition drifts (m) 250 250 4,500 -
type of canister Cu-Fe cu-Fe Cu-Fe Titannium
No. of BWR per canister 12 12 24 4
No of canisters 3,745 3,745 1,873 11,235
No of canister positions 4,120 4,120 2,285 14,040
No of deposition drifts/holes 3,745 - 3 -
Initial heat generation per BWR (W) 123 123 123 123
Max. allowed temp. in bentonite buffer (°C) 100 100 100 120
Thermal conductivity of bentonite (W/m, K) 1.5 15 1.5 15
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Table 2. Current status of underground rock laboratory around the world'®
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Fig. 4. Location of monitoring points and lines.

Table 3. Input parameters for hydro-thermo-mechan-

ical analysis

Elastic Modulus 60 GPa
Poisson Ratio 0.23
Density 2700 kg/m®
Cohesion 2 MPa
Friction Angle 35°
Specific Heat Capacity 800 J/kg’K
Thermal Conductivity 3.6 W/im’K

Thermal Expansion Coefficient 8.3x10° 1/K

Hydraulic Conductivity 1.0X10™ m/sec
Porosity 0.2%
Specific Heat Capacity 1100 J/kg’K
Thermal conductivity 1.5 Wm’K

Thermal Expansion Coefficient 8.0x10° 1K
Hydraulic Conductivity 1.0x 10" m/sec
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*R: Rock, B: Bentonite
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Fig. 6. Maximum principal stress along three mon-
itoring lines.
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