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Effects of Groundwater Flow Rate Distribution at a Disposal
Depth on Migration of Radionuclides Released from Potential
Deposition Holes
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Using results of groundwater flow system modeling for a hypothetical deep geological repository site, a distribution of
groundwater flow rates at the disposal depth was analyzed and a method of applying this distribution to a safety assessment
for a disposal of radioactive wastes was suggested. The distribution of groundwater flow rates was produced by hydraulic
heads simulated from regional and local scale groundwater flow models for the hypothetical disposal site. The flow rates at
the locations where deposition holes would be located were estimated. These rates were normalized by the maximum of the
flow rates in order to probabilistically illustrate a possibility of canister failures at the deposition holes. From the normalized
distribution, probabilistic expectations for mass discharges of radionuclides released from the canisters assumed to be failed
were calculated and compared with those deterministically estimated under the assumption that the canisters at the same
deposition holes were definitely failed. The suggested method can be contributed to constructing a methodology for safety
assessment of a geological repository by reflecting natural conditions of a disposal site in more detail.

Keywords: Groundwater flow at disposal depth, Groundwater flow simulation, Probabilistic analysis, Selection of a deposi-

tion hole
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Fig. 1. Locations of the study site. Symbols and letters in the lower map
represent observation boreholes [12].
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Fig. 2. Hydraulic heads distributions in the regional and local scale groundwater flow models calibrated around the KURT site [12].
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Fig. 3. The three positions selected for obtaining flow distances and
times of groundwater, which were used in transport simulations of
hypothetical radionuclides [12]. The letters represent fracture zones in
the vicinity of the KURT facility.
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Fig. 4. Distribution of groundwater flow rates at the disposal depth.
The symbols show locations of deposition holes.
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Fig. 5. Histogram of the groundwater flow rates and cumulative
distribution of relative frequency for the deposition holes along the
discharge rate.
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Fig. 6. Area of the deposition holes banned by the assumed criterion of
groundwater flow rate (= 6.0 x 10 m/yr).
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Fig. 7. Normalized distribution by the maximum of groundwater flow
rates at positions of the deposition holes.
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Table 1. Half-lives, distribution coefficients, and initial mass of the
radionuclides (modified from [12])

. Distribution coefficient .

Component  Half-life (yr) (Ko, m’kg) Initial mass (mole)

*Cm 473 x 10° 4.00 x 107 8.66 x 10°
Hpy 3.75 x 10° 1.50 x 10* 843 %107
=y 447 x 10° 430 x 107 6.22x 10°
py 8.77 x 10' 1.50 x 10* 2.53 x 10”
U 245 % 10° 430 x 107 9.64 x 10°
T 7.70 x 10* 131 x 10" 6.04 x 107
Ra 1.60 x 10’ 2.40 x 10 7.12 x 107"
Rn 1.05 x 107 0 None

242Py - Probabilistic
..... 242Py - Deterministic
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————— 28y - Deterministic

Cumulative mass (mole)
3
1

-

)
*
|

-3
10 T T T T T T T
10* 10° 10° 10’ 10° 10° 10" 10" 10"
Elapsed time (year)

(b)

Fig. 9. Comparisons of radionuclide mass discharges obtained by the assumption of deterministic failure case and the probabilistic failure case, which
are represented by expectations of the mass discharges ((a): breakthrough curves of mass discharges, (b): cumulative mass discharges).
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