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A hypothetical repository was assumed to be located at the KURT (KAERI Underground Research Tunnel) site,
and the travel times of radionuclides released from three source positions were calculated. The groundwater flow
around the KURT site was simulated and the groundwater pathways from the hypothetical source positions to the
shallow groundwater were identified. Of the pathways, three pathways were selected because they had highly wa-
ter-conductive features. The transport travel times of the radionuclides were calculated by a TDRW (Time-Domain
Random Walk) method. Diffusion and sorption mechanisms in a host rock matrix as well as advection-dispersion
mechanisms under the KURT field condition were considered. To reflect the radioactive decay, four decay chains
with the radionuclides included in the high-level radioactive wastes were selected. From the simulation results, the
half-life and distribution coefficient in the rock matrix, as well as multiple pathways, had an influence on the mass
flux of the radionuclides. For enhancing the reliability of safety assessment, this reveals that identifying the history
of the radionuclides contained in the high-level wastes and investigating the sorption processes between the radio-
nuclides and the rock matrix in the field condition are preferentially necessary.

Keywords: Radionuclide transport simulation, Transport travel time, Multiple source positions, Sorption in a rock
matrix, TDRW method
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Fig. 1. Location of the study site. Characters in the lower maps mean observation boreholes [2,9].
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Fig. 2. Hydrogeological model around the KURT site [10].
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Fig. 3. Hydraulic head distributions of the regional and local scale models
around the KURT site [12].

Fig. 4. Hypothetical repository at the depth of 500 m from the surface
and the groundwater pathways from the repository simulated by the
distribution of the hydraulic heads in the local scale groundwater flow
model (modified from [2]). The symbols of "A", "B", and "C" represent the
initial positions of the selected groundwater pathways, and the characters
mean the fracture zones around the KURT facility.
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Table 1. Groundwater pathways used in this study

Pathways . Travel Travel time Number of
distance (m) (yr) segments
Path A 897.5 1,763 113
Path B 857.6 1,410 146
Path C 829.8 1,914 88

{Case 1) 25Cm — 24Py — 21Am — 2Np — 29 — 229Th

(Case 2) 234Am — 23‘)Pu s ZSSU s QSIPU s 227AC

(Case 3) Pu — 26U — 2Th — 2%°Ra

(Case 4) 2%Cm — 22Py — 28 — 24 — 20Th — 226Ra — 22Rn

i

238Pu

Fig. 5. Decay chains used in this study.
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Table 2. Transport parameters used in the TDRW simulations

Parameter

Value

Longitudinal dispersivity

10% of the travel distance

Bulk density 2,650 kg/m?
Porosity of the rock matrix 0.0015
Porosity of the fracture zone 0.02
Half aperture of the rock matrix 0.0001 m
Half aperture of the fracture zone 0.001 m
Diffusion coefficient in the rock matrix 10 m¥/yr
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10° T T T T T T T
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1x10 T T T T T T T
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Fig. 6. TDRW simulation results in Case 1: (a) the cumulative distribution
functions and (b) the breakthrough curves of the radionuclides included
in the decay chain of Case 1.
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Fig. 7. TDRW simulation results in Case 2: (a) the cumulative distribution
functions and (b) the breakthrough curves of the radionuclides included
in the decay chain of Case 2.
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Table 3. Half-lives, distribution coefficients, and initial mass of the radionuclides used in the TDRW simulations[2,11,14,15]

Distribution coefficient Initial mass

Decay chain Component Half-life (yr) (m¥/kg) (mole)
#Cm 8.50 x10° 4.00 x107 6.05 x10*
#Pu 1.44 x10' 1.50 x10~ 2.02 x107
#Am 4.32 x10% 2.00 x102 1.37 x10!
Case 1
ZNp 2.14 x10° 2.00 x10! 7.41 x10*
33U 1.59 x10° 4.30 x107 9.32 x107
2Th 7.34 x10° 1.31 x10! 7.33 x10"
#Am 7.38 x10° 2.00 <10 2.62 x10?
9%Pu 2.14 x10* 1.50 x10? 5.15 x10°!
Case 2 U 7.04 x108 4.30 x107 5.91 x10*
B1Pa 3.28 x10* 5.90 x10* 1.15 x10
2TAc 2.18 x10! 1.50 x10~ 2.43 x10
#0py 6.54 x10° 1.50 x10 2.54 x10!
By 2.34 x107 4.30 x107 1.08 x10°
Case 3
22Th 1.41 x10'"° 1.31 x10"! 6.26 x101°
2%Ra 5.75 x10° 2.40 x10* None
#5Cm 4.73 x103 4.00 x107 8.66 x10°
#2Pu 3.75 x10° 1.50 x10~ 8.43 x10?
U 4.47 x10° 4.30 x107 6.22 x10°
28py 8.77 x10! 1.50 x102 2.53 x10?
Case 4
21U 2.45 x10° 4.30 x107 9.64 x10°
20Th 7.70 x10* 1.31 x10! 6.04 x107
26Ra 1.60 x10° 2.40 x10* 7.12 x10"
22Rn 1.05 10~ 0 None
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Fig. 8. TDRW simulation results in Case 3: (a) the cumulative distribution
functions and (b) the breakthrough curves of the radionuclides included
in the decay chain of Case 3.
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Fig. 9. TDRW simulation results in Case 4: (a) the cumulative distribution
functions and (b) the breakthrough curves of the radionuclides included
in the decay chain of Case 4.
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