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Abstract. Deep geological disposal is internationally accepted as a feasible and safe way to
dispose of high-level radioactive waste (HLW). Long-term safety assessment of a radioactive
waste repository is vital to building confidence in safety of geological disposal of radioactive
waste. Many countries with nuclear power industries have carried out this work. The aim of
this paper is to study the influence by a fracture intersecting the deposition hole or excavation
damaged zone at repository located in granite area. Furthermore, it is also of interest for
addressing important aspects of the internal evolution of the canister. This paper analysed two
representative scenarios for the single deposit scale scenario at granite area. These results show
that the influence of the fracture zone is enormous. The convective transport mass is far more
than the diffusive transport mass. Moreover, the leading path of convective is the fracture zone.
The transport mass which across the granite boundary is very little. These results also a
convenient case for the construction of final geological repositories in China.

1. Introduction

Safe disposal of HLW is a challenging task for the sustainable development of nuclear energy and
environmental protection [Witherspoon 2001; Wang et al.2018]. Deep geological waste repositories
are designed to ensure safety from radiation for thousands of years and many countries have
considered building deep geological repositories. [[AEA&NEA, 2006; Ales™ et al.2015]. Long-term
safety assessment is one of the most important phases for geological repositories of HLW. In
additional, the long-term safety assessment has been widely studied to improve the confidence in the
safety of the system. [Campbell and Cranwell, 1988].

From the point of view of a long-term safety assessment, various scenarios related to the release
and migration of radionuclides can be occurred [SKB 2006; DOE 2008; SKB 2011; Kim et al.2014].
The purpose of the safety assessment project includes making a first assessment of the safety of
potential repositories to dispose of canisters, to provide feedback to design development and to foster a
dialogue with the authorities that oversee activities.

In 2011, SKB had published their final safety assessment report of the SR-Site project to support
SKB’s license application for a final repository at Forsmark site in Sweden [SKB, 2011]. In 2012,
POSIVA completed and submitted the safety assessment report about Olkiluoto site in Finland
[PosivaOy, 2012]. At present, China has carried out some initial studies on long-term safety
assessment through international cooperation, and basic capabilities of safety assessment have been
acquired, but key technologies have not been fully mastered [Ling, 2018].
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The objective of this study is to understand the influence by a fracture intersecting the deposition
hole or excavation damaged zone at repository located in granite area. Furthermore, it is also of
interest for addressing important aspects of the internal evolution of the canister.

In this work, two representative scenarios are analyzed. For China, the currently pursuing site is
located at granite area [Wang, 2010]. It is, therefore, also a convenient case for demonstrating the
damage of these potential failure modes. It is vital to making clear the internal evolution of the canister.

2. Introduce and background

In the final repository, radionuclides maybe leaking out through a small hole in the canister wall
diffuse into the buffer and may then migrate through various pathways into the flowing water in rock
fractures. These nuclides escape from a copper/iron canister through a small hole into the bentonite by
diffusion. In the interior of bentonite, they migrate through various pathways into the water flowing in
the rock. There maybe three-radionuclide release path that from the canister into the biosphere [SKB,
2009]. These are the Q1 path, with transport in a fracture intersecting the deposition hole; the Q2 path,
with transport in the excavation-damaged zone (EDZ); and the Q3 path, with transport in the
deposition tunnel to an intersecting fracture.

To solve this problem, two scenarios were set up. Scenario 1(modelling 1) only considered the path
Q2 and scenario 2(modelling 2) considered both path Q1 and path Q2. To simply the model, the path
Q3 ignored in this work. In addition, the canister assumed as an integral. Moreover, the fuel release
with a constant rate, i.e. the concentration of the canister was set to be lunit from 1000 to 10000 years.
Both the two safety cases were set as a steady state problem.

3. Scenario 1 in the single deposit scale at granite area

3.1Modelling 1 description
In this case, the range of the modelling is 6 x 40 x 23.3 m, in which consisting of a low permeability
porous medium (granite), one canister (do not consider the component of the canister), one tunnel.

Referring to the SR-Can project report [SKB, 2009], the specific geometric data for the modelling
1 used as follows,

The tunnel spacing fixed at 40m, and length and width both are 5.5m.

The distance between canister centers is 6m.

The copper shell is 50 mm thick and the cylindrical canister has a length of approximately 4.8 m
and a diameter of 1.05 m.

The deposition hole has a length of approximately 7.8m and a diameter of 1.75m.

The distance between canister bottom and the deposition hole bottom is 0.5m.

The depth of the excavation damaged zone about 1.0m.

The size of the fracture aperture is 1000mm.
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Figure 1. The layout of modelling 1
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For the pressure boundary: The bottom of the model has constant pressure and horizontal gradient,
the formula is 298 + 0.003X. The top of the model also has constant pressure and horizontal gradient,
the formula is 298 + 0.003X. The left of the boundary has the constant pressure, the value of 298. The
right of the boundary has the constant pressure, the value of 298.018. The boundary in Y+ and Y-
direction are both set to be no-flow boundary.

For the RN concentration boundary: The top and bottom boundary are both set to be constant
boundary, the value is both zero. The boundary in X+ and X- directions except the EDZ zone are both
set to be no-flux boundary. The EDZ zone boundary in X+ direction set to be constant boundary, the
value is 0.0. The EDZ zone boundary in X- direction set to be no-gradient boundary. The boundary in
Y+ and Y- direction are both set to be no-flux boundary.

The hydraulic properties see the Table 1. In addition, the buffer defect zone caused by the canister
defect, this value only used in the scenario 2. The half-life of the radionuclides is 1.57E+07 years, and
the initial concentration of radionuclide value is 1 unit.

Table 1. Hydraulic properties for Modelling

Hydraulic conductivity in Retardation Effective

Subdomain Porosity three direction (m/yr) Compressibility . diffusivity
coefficient )
X Y Z (m“/yr)

Granite 0.005 3.15E-4 3.15E-4 3.15E-4 1.0E-10 1.00 1.31E-04
Backfill 0.14 3.15E-5 3.15E-5 3.15E-5 1.0E-10 1.00 1.32E-03
Buffer 0.17 3.15E-5 3.15E-5 3.15E-5 1.0E-10 1.00 3.15E-04
Canister 0.20 10 10 10 1.0E-10 1.00 0.063
EDZ 0.10 0.315 0.315 0.315 1.0E-10 1.00 1.31E-02
ZB(‘;‘nfger defect 020 3.15E-4 3.15E-4 3.15E-4  1.0E-10 1.00 3.15E-03
Fracture 0.10 9.46 9.46 9.46 1.0E-10 1.00 1.31E-02

3.28imulation results of modelling 1

Figure 2 shows the results of spatial distribution of radionuclide concentration at 1000 years, 10000
years, 100, 000 years, and 100, 0000 years after the repository closed. Figures 3 to 5 show the results
of the radionuclide transport with time for different subdomains. Table 2 shows the total radionuclide
transport at different boundaries of different subdomains.

For the total-domain, the total flux out mass in Z+ direction is about 1/8 in Z- direction. It also can
be observed that convective transport mass is bigger than the diffusive transport mass, which is about
3 times.

For the EDZ zone, there is only diffusive happen in the X+ direction boundary. The transport value
is about 2/9 of the total outflow flux. Otherwise, there is only convective happen in the X- direction
boundary. The value is about 2/3 of the total outflow flux. The biggest value occurred at about 13400
years after the repository closed.

For the canister zone, it is clearly seen that the spatial distribution of concentration nearly
symmetry except the Z direction. Most of the radionuclides will flux out through Z+ direction. In
additional, the convective transport mode can be negligible in the Y and the Z directions. It should be
noted that there is convective mode happened in the X direction.

To summarize, the transport mode of each subdomain is described as follows (see the Figure 6):

Because of the low permeability of the granite, the total convective mass should nearly zero.

For the canister, the convective mode exits the zone can be negligible in the Y and the Z directions.
In additional, in the X direction the value is also very small.

For the deposit zone (the extent is same as the deposit hole), the main transport mode is diffusion.
The total diffusion mass in the Z direction is smaller than other directions, especially in the Z-
direction. The main exit boundary through convective mode is X- and X+ direction boundaries.
Compared with the diffusion mass, the value still very small.
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In a word, the most expected release path where from the canister enter the buffer zone, and then
diffusion into the EDZ zone, finally exits from the X- direction boundary by convective mode,
actually the transport mass is very big. These results indicate that the EDZ zone has significant
influence for the transport.

1000 years S 10000 years

100,000 years od 100,0000 years

Figure 2. The spatial distribution of radionuclide ‘C’ concentration at 1000 years, 10000 years, 100,
000 years, and 100, 0000 years after the repository closed
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Figure 3. Result of the radionuclide transport with time in different directions for the total domain
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Figure 4. Result of the radionuclide transport with time in different directions for canister
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Figure 5.
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Table 2. The total razliilrllfcﬁ;ie transport at different boundaries of different domains
Boundary Convective Diffusive Total
EDZ in X+ direction 0 -2026.894  -2026.894
EDZ in X- direction -6218.363 0 -6218.363
DEPOSIT in X+ direction 123.797 -2240.168  -2116.371
DEPOSIT in X- direction -109.915 -1660.310  -1770.225
DEPOSIT in Y+ direction 7.142 -1928.140  -1920.998
DEPOSIT in Y- direction 7.187 -1928.105 -1920.918
DEPOSIT in Z+ direction 0.016 -1060.277  -1060.261
DEPOSIT in Z- direction 1.482 -138.587 -137.105
Canister in X+ direction 88.158 -1076.008 -987.850
Canister in X- direction -73.693 -918.272 -991.965
Canister in Y+ direction 7.688 -1074.107 -1066.419
Canister in Y- direction 7.722 -1074.081 -1066.359
Canister in Z+ direction 2.635 -4699.549 -4696.914
Canister in Z- direction 1.783 -140.785 -139.002
TOTDOMAINE in X+ direction 0 -2026.894  -2026.894
TOTDOMAINE in X- direction -6218.363 0 -6218.363
TOTDOMAINE in Z+ direction 0 -69.298 -69.298
Canister in X+ direction 0 -577.063 -577.063
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4. Scenario 2 in the single deposit scale at granite area

4.1Modelling 2 description

In this case, a horizontal fracture was considered. In addition, a buffer defect zone was also considered
which may be caused by the canister defect (the value was listed in the Table 1), the size assumed
same with the fracture. By this case, it is easy to understand the sensitivity of the fracture zone. In this
case, the size of the fracture aperture is 1000 mm. The other conditions are same with scenario 1.

For the pressure boundary: The bottom of the model has constant pressure and horizontal gradient,
the formula is 298 + 0.003X. The top of the model also has constant pressure and horizontal gradient,
the formula is 298 + 0.003X. The left of the boundary set the constant pressure, the value is 298. The
left of the boundary set the constant pressure, the value is 298.018. The boundary in Y+ and Y-
direction are both set to be no-flow boundary.

For the RN concentration boundary: The top and bottom boundary are both set to be constant
boundary, the value is both zero. The boundary in X+ and X- directions except the EDZ zone and the
fracture zone are both set to be no-flux boundary. The EDZ zone boundary in X+ direction set to be
constant boundary, the value is 0.0. The EDZ zone boundary in X+ direction set to be no-gradient
boundary. The fracture zone boundary in X+ direction set to be constant boundary, the value is 0.0.
The fracture zone boundary in X+ direction set to be no-gradient boundary.

The boundary in Y+ and Y- direction are both set to be no-flux boundary. This case also was set as
a steady state problem.

Figure 7. The layout of modelling 2

4.2Simulation results of modelling 2
Figure 8 shows the results of spatial distribution of radionuclide concentration at 1000 years, 9000
years, 10, 000 years, and 100, 0000 years after the repository closed. Figures 9 to 12 show the results
of the radionuclide transport with time for different subdomains. Table 3 shows the total radionuclide
transport at different boundaries of different subdomains. It’s clearly seen that the results have big
different with modelling 1. In this case, most of the radionuclides will flux out through fracture zone.

For the total-domain, the convective transport mass is far more than the diffusive transport mass,
which more than 55 times. The total convective transport mass which across the fracture zone is about
81 times of the EDZ zone. Therefore, the leading path of convective is the fracture zone. The main
exit boundary of the diffusive happen in the Z- direction boundary. The diffusive mass crosses the Z+
direction boundary is negligible. The total diffusive mass crosses the X+ boundary is also negligible.
In additional, the peak concentration happened about at 10000 years after the repository closed. This is
almost consistent with the end time of spent fuel release.

For the EDZ zone, only convection transport mode crosses the X+ direction boundary, the value is
negligible. Otherwise, only diffusion transport mode crosses the X- direction boundary, the value is
also small.



ICAESEE 2018 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 237 (2019) 022012  doi:10.1088/1755-1315/237/2/022012

For the fracture, it is clearly that the total convective mass is very large. The total convective mass
crosses the fracture boundary in the X- direction is about 97.5% of the source influx. However, the
total convective mass crosses the EDZ boundary in the X- direction is about 1.2% of the source influx.

For the canister zone, the main transport mode is also convective transport mode. The total
convective mass is about 70% of the source influx crosses the X- direction boundary. It’s also can be
observed that the convective mass will flux into the region through X+ direction boundary. The
diffusion transport main happens in the X+ and Y direction.

For the deposit zone, the dominate mode is also convective. The diffusion transport mass is far less
than the convective mass.

To summarize, the transport mode of each subdomain is described as follows (see the Figure 13):

Because of the low permeability of the granite, the total convective mass should nearly zero.

For the canister zone, the main transport mode is convective transport mode. The main exit
boundary is X- boundary. It’s also can be observed that the convective mass will flux into the region
through X+ direction boundary. The diffusion mode exits the zone is very small in the Z and the X-
directions. In the other directions is nearly same.

For the deposit zone (the extent is same as the deposit hole), the main transport mode is convective.
Most of the radionuclides flux out via the buffer defect zone. The diffusion transport mass crosses the
buffer defect zone is negligible.

For the total-domain, the convective transport mass is far more than the diffusive transport mass.
The exit boundary of the convective only happen in the X- direction boundary. The main exit
boundary of the diffusive happen in the Z- direction boundary. The diffusive mass crosses the Z+ and
X+ direction boundary is very small.

In a word, the most expected transport path where from the canister enter the buffer defect zone,
and then enter the fracture zone, finally convective out from the fracture (The direction is the same as
that of hydraulic gradient). Moreover, the transport mass is very large. These results indicate that the
fracture zone has magnificent influence for the transport.

1000 years ; i 9000 years

100,000 years E 100,0000 years

Figure 8. The spatial distribution of radionuclide ‘C’ concentration at 1000 years, 9000 years, 10, 000
years, and 100, 0000 years after the repository closed
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Table 3. The total radionuclide transport at different boundaries of different domains

Boundary Convective Diffusive Total
EDZ in X+ direction 0 -31.284 -31.284
EDZ in X- direction -108.142 0 -108.142
Fracture in X+ direction 0 -2.827 -2.827
Fracture in X- direction -8782.997 0 -8782.997
DEPOSIT in X+ direction 72.913 -160.517 -87.604
DEPOSIT in X- direction -7740.163 -101.433 -7841.596
DEPOSIT in Y+ direction -188.534 -342.173 -530.707
DEPOSIT in Y- direction -188.535 -342.173 -530.708
DEPOSIT in Z+ direction 0.0003 -14.187 -14.1867
DEPOSIT in Z- direction -0.001 -37.413 -37.414
Canister in X+ direction 1171.977 -1254.009 -82.032
Canister in X- direction -6254.932 -137.856 -6392.788
Canister in Y+ direction -359.882 -847.607 -1207.489
Canister in Y- direction -359.882 -847.607 -1207.489
Canister in Z+ direction -0.013 -104.067 -104.08
Canister in Z- direction -0.001 -38.538 -38.538
TOTDOMAINE in X+ direction 0 -34.111 -34.111
TOTDOMAINE in X- direction -8891.139 0 -8891.139
TOTDOMAINE in Z+ direction 0 -3.736 -3.736
TOTDOMAINE in Z- direction 0 -114.576 -114.576

5. Conclusion

This work of Scenario 1 demonstrates the sensitivity of the EDZ zone to the deposit hole. Only the
gradient in horizontal direction was considered in this case. These results clearly indicate that the
influence of the EDZ zone is enormous. The convective transport mass is bigger than the diffusive
transport mass, which is about three times. The total transport mass through EDZ zone is about 91% of
the source influx. The transport mass which across the granite boundary is very little. Moreover, the
total flux out mass in Z+ direction is about 1/8 in Z- direction. Furthermore, both of the values are
very small.

This work of scenario 2 mainly demonstrates the sensitivity of the fracture zone to the deposit hole.
The size of the fracture aperture is 1000 mm, which is a bad fracture, actually. According to the
geological survey data, the deep fracture is usually very small. In this case, it only considered the
horizontal direction gradient. These results clearly indicate that the influence of the fracture zone is
enormous. The convective transport mass is far more than the diffusive transport mass, which is about
55 times. Moreover, the leading path of convective is the fracture zone. The total convective transport
mass which across the fracture zone is about 81 times of the EDZ zone. The transport mass which
crosses the granite boundary is very little. Therefore, the deposits should prevent large fractures from
the influence of the convective.

By assuming the safety cases in the single deposit scale at granite area, it is clearly to know the
sensitivity of the fracture zone to the deposit hole. These results clearly indicate that the influence of
the fracture zone is enormous. The convective transport mass is far more than the diffusive transport



ICAESEE 2018 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 237 (2019) 022012  doi:10.1088/1755-1315/237/2/022012

mass. Moreover, the leading path of convective is the fracture zone. The transport mass which across
the granite boundary is very little.
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