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Abstract

The purpose of the HLW deep geological disposal is to isolate and to delay the
radioactive material release to human beings and the environment for a long time so that
the toxicity does not affect to the environment. The main requirements for the HLW
repository design is to keep the buffer temperature below 100 °C in order to maintain its
integrity. So the cooling time of spent fuels discharged from the nuclear power plant is the
key consideration factors for efficiency and economic feasibility of the repository. The
disposal tunnel/disposal hole spacing, the disposal area and thermal capacity required for
the deep geological repository layout which satisfies the temperature requirement of the
disposal system is analyzed to set the optimized spent fuels cooling time. To do this, based
on the reference disposal concept, thermal stability analyses of the disposal system have
been performed and the derived results have been compared by setting the spent fuels
cooling time and the disposal tunnel/disposal hole spacing in various ways. From these
results, desirable spent fuels cooling time in view of disposal area is derived. The results
shows that the time reaching the maximum temperature within the design limit of the
temperature in the disposal site is likely shortened as the cooling time of spent fuels becomes
short. Also it seems that the temperature-rising and-dropping patterns in the disposal site are
of smoothly varying form as the cooling time of spent fuels becomes long. In addition, it is
revealed that a desirable cooling time of spent fuels is approximately 40-50 years when

spent fuels are supposedly disposed in the deep geological disposal site with its structural
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scale under consideration in this study.
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Fig. 1. The layout concept of the HLW repository.
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Table 1. Decay heat of spent fuels according to the cooling
time

Cooling Time (yr) FPs (WAHM) | ACT (W/tHM) | Total (W/HM)

B 1.00 11,200.00 973.70 12,170.00
5.00 2,097.00 42590 2,524.00
10.00 1,238.00 419.20 1,658.00
30.00 688.50 386.90 1,075.00
40.00 539.00 369.70 908.70
50.00 423.10 353.40 776.50
60.00 332.70 338.30 671.00
70.00 261.90 324.50 586.40

* PWR burn-up : 45 GWd/tU

Table 2. The material properties for the analysis

ltems Density Therma} Conducfivity Specific Heat
(kg/m3) {W/m'C =d/s/m’C) (J/kg'C)
Spent fuel 2,000 0.14 2,640
Cast insert 7,200 52.0 504
Outer shell 8,900 386.0 383
Buffer 1,970 1.0 1,380
Backfill 2,270 2.0 1,190
Rock 2,650 3.2 815
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Table 3. Tunnel spacing and hole pitch
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Fig. 5. An example of the thermal analysis results.
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Fig. 6. Thermal behavior according to the spent fuel cooling time.
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Table 4. Unit disposal area and thermal load

Cooling | Unit diposal | Reduction - Thermal load
time area (m2) rate Efficiency (W/m2)
30 480.0 100.0 - 4.04
40 240.0 50.0 50.0 6.52
50 189.0 394 10.6 6.99
60 168.0 35.0 44 6.85
70 157.5 328 22 6.50
80 154.0 32.1 0.7 6.02
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Fig. 7. Thermal load of the repository.
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