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Keywords

Multi-barrier concept utilizes both engineered barrier system (EBS) and natural barrier system (NBS) to guarantee long-term
safety of geological disposal. For this purpose an appropriate disposal concept has to be adopted based on the information obtained
in the site characterization at each stage, which includes enhancement or modification of some components of the EBS. Although
properties of geological environment often exhibit significant spatial heterogeneity, in most of the existing studies, nuclide release
from a single waste package surrounded by an “average” host rock is calculated and the result isregarded as a representation of the
whole heterogeneous repository region. However, spatial heterogeneity in the repository region implies that there exist sub-regions
that are more favorable from the safety perspective and the ones that are less favorable. In other words safety performance of an
entire repository cannot be determined without knowing how many wastes can be accommodated within the more favorable
sub-regions and how thoroughly hydrological connection between favorable and less favorable sub-regions can be mitigated by
design and engineering solutions.

In this study, as an alternative to the strategy based on homogeneous approximation, an approach to optimizing repository layout
by maximizing number of waste packages to be accommodated in the favorable sub-regions in a heterogeneous geological
environment and to evaluate its contribution to improving safety performance of the entire system is proposed.
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Table 1 Input parametersfor stochastic nudidetransport calculations
(Natural barrier system

Type of
Parameters probability density | Unit Minimum | Maximum
function
Migration distance m 10 1000
Fracture density mé/m® 0.1 7
Aperture! - 0.1 10
Matrix diffusion depth m 0.01 1
Flow wet surface area - 0.1 1
Porosity % 1 3
Effective diffusion coefficient m?/s 6x10™ 1x10™%°
Transmissivity Log uniform mi/s | 1.35x10%° | 1.35x10°%
Hydraulic gradient - 0.001 0.1
Rate of dispersion length - 0.01 1
Cs m/kg 0.001 10
S Se m¥/kg 0? 0.1
Disioution Np mikg | 01 10
u m/kg 0.1 10
Th m/kg 0.1 10

1. a=cJT, a:aperture, T :transmissivity,C constant, 2. 10%isused for calculations.
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Table 2 Input parametersfor stochastic nudidetransport calculations
(Engineered barrier system)

Geometry Vitrified waste Diameter 440 mm  Height 1,350 mm Glass density 2.7
Mg/m® Initid volume 0.15 m®
Overpack  Width 190 mm Height 1,730 mm
Buffer material  Width 700 mm  Porosity 0.41 Dry density 1.6 Mg/m®
Inventory of radionuclides Se-79 1.64x10°  Bg/Waste package
Cs-135 297x10°  Bog/Waste package
Np-237 231x10° Bg/Waste package
U-233 9.75x10°  Bg/Waste package
Th-229 452x10°  Bg/Waste package
Glass dissolution time 70,000 years
Dissolution rate Se: 3 10° moalt
Cs soluble
Np: 2 10 mol/e
u: 8 10° moal/t
Th: 5 10° moal/t
Distribution coefficient in the buffer | Se: 0 m/kg
material Cs: 001  m¥kg
NpUTh: 1 m/kg
Effective diffusion coefficient in the | Se: 2x107° /s
buffer material Cs: 6x10%° m?s
Np,U,Th:  3x10™ m?s

Following to the H12 report, each parameter is fixed with a value of areference case.

Dissolution of glass
Solubility limit
Molecular diffusion

Linear absorption L
Instantaneous complete mixing

Advection and dispersion in fracture
Matrix diffusion
Linear absorption in matrix

Excavation
disturbed zone Dual porosity media
(EDZ) (Single channel)

Vitrified waste [
Groundwater flow into EDZ

Buffer material

Fig.1 Schematic view of transport model used for stochadtic calculations

1E-07 E T T T Migration distance 4.03E+01 m
E Fracture density 1.17E-02 m2/m3
...:: {E-D8 _ Apem_ne 2.90E+00
- Matrix diffusion depth 3.42E-02 m
(": Flow wet surface area 1.39E-01
-E- 1E-09 Porosity 1.01E-02
= Effective diffusion coefficient 1.19E-13 m2/s
o {E-10 Transmissivity 2.26E-09 me/s
2 Hydraulic gradient 1.35E-02
. Rate of dispersion length 1.14E-01 -
o 1E-11 Cs 2.36E+00 | mdkg
Se 2.73E-03 m3/kg
1E-12 pisrbuton Np 126601 | mikg
coefficient
IE+0  1E+2 1E+4 1E+6 1E+& U 332601 | mekg
Th 1.53E+00 m3/kg

Time after disposal [v]
Fig. 2 Example of calculated annual doserate as afunction of time (40,000 waste packages)
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Fig.5 Result of sensitivity analysisfor some key natural barrier system parameters
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Fig.6 Significance of contribution of key natural barrier system parameters to runs which resulted in peak
annual doserate greater than 10 uSvly (left) and 100 pSvly (right)
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Crystalline (acidic) rock and pre-Neogene sandstone Crystalline (basic) rock and pre- Neogene mudstone, tuff
(effective diffusion coefficient: 10 10™ m%/s) (effective diffusion coefficient: 10 10" m%/s
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Fig.7 Sufficiency index for hard rocks as a function of groundwater travel time calculated from
Darcy velocity
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Fig.8 Cumulative distribution function for extreme values in fracture density (left) and expected spatial scale for

encountering extreme values (right)
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Fig.1l Layout of repository panels to be considered
(Case of vertical emplacement of wades in boreholes
drilled in ahard host rock)
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Crystalline (acidic) rock and pre-Neogene sandstone
effective diffusion coefficient: 10%?  10™ m?/s
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*1 Case 1: all waste packagesin the favorable site.

Case 2: 10% of dose in all waste migrate through unfavourable site.

Sl (travel time > T)

October 2006

Crystalline (basic) rock and pre- Neogene mudstone, tuff
effective diffusion coefficient: 10%° 10 m%/s
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*2 Travel time (horizontal axis) calculated from Darcy velocity denotes the valuein the ‘favorable site’
*3 10uSvly istaken for the target dose.

Fig. 16 Dependence of safety performance of entirerepository on itslayout in heter ogeneous geological environment
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