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Introduction 

According to the draft guidelines for a deep geological disposal system for high-level 
wastes in Korea, the total annual risk for the average person resulting from the radiation 
exposure should not exceed 1.0 ´ 10–6/yr and the expected radiation exposure to the 
average person for each scenario should not exceed 10 mSv/yr (NSSC, 2012). Regulatory 
compliance should be supported by multiple lines of reasoning such as probabilistic 
analysis of exposure dose and risk, uncertainty analysis, natural analogue, complementary 
safety indicators such as radionuclide concentration and release rates, secure of  
defence-in-depth. The integrated safety assessment should also be made and updated 
consistently based on up-to-date data and information for each stage of deep geological 
disposal of high-level waste (HLW) such as basic studies, site characterisation, design, 
construction, operation, closure, environmental monitoring after closure and so on. 
These are the bases for the development of a safety case in Korea. The Korea Atomic 
Energy Research Institute (KAERI) is now developing generic safety cases based on the 
Advanced Korean Reference Repository System (A-KRS) (Choi, 2011) and the KAERI 
Underground Research Tunnel (KURT) (Koh, 2011). The A-KRS is a geological disposal 
system for radioactive wastes from the pyroprocessing of PWR spent nuclear fuels in 
Korea. KURT is a small-scale underground research laboratory constructed and operated 
to assess the feasibility, safety, appropriateness and stability of the disposal concept by 
making various in situ tests and experiments. In this paper, the concept and long-term 
safety assessment of the A-KRS design, the role of the KURT in the development of safety 
cases, and the development of complex scenarios to support the development of generic 
safety cases in Korea are described. 

The characteristics and role of KURT 

KURT is a purpose-built generic underground research laboratory for the development 
of technologies for the siting and geological investigation of a geological repository of 
HLW. In addition, a number of researches for identifying the geological, hydrogeological 
and geochemical characteristics were implemented at the KURT facility. It is also being 
used to perform various in situ tests and experiments which can be used to develop safe 
and reliable disposal techniques for high-level radioactive waste in a deep geological 
formation. 

A set of site characterisation and detailed design activities for the construction of 
KURT was completed in 2004, and construction was completed in November 2006. The 
host rock is granite, which is considered as a potential host rock type for a HLW disposal 
repository in Korea. The utilisation of radioactive material in KURT is not allowed. KURT 
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has a total length of 255 m with a 180-m-long access tunnel and two research modules 
with a total length of 75 m. The maximum depth of the tunnel is 90-100 m from the peak 
of a mountain located above the site. The horseshoe-shaped tunnel section is 6 m wide 
and 6 m high, as shown in Figure 1. 

Figure 1: Layout of the KURT facilities 

 

Before constructing KURT, KAERI carried out geoscientific research at the KURT site as 
of 1997. Site investigation activities mainly consisted of the study of the baseline 
geological, hydrogeological, geochemical and rock mechanical properties of the host rock. 
These geoscientific studies were performed to improve the geoscientific investigation 
technologies for site characterisation, to provide geoscientific data for system development 
and safety assessment studies, and to develop a detailed site descriptive model at the 
field-block scale. The geology of the KURT site was also investigated by using the regional 
geological characteristics around the KURT site and the local geological characteristics of 
the site based on the geological data obtained from the construction of KURT and the 
drilled boreholes. The geology of the surrounding area of KURT was divided into the 
upper soil, a weathered layer, a low-angle fracture zone, a fracture zone and bedrock. 
Based on the results of a geological survey of the surface and a borehole investigation, 
these characteristics are investigated. A hydrogeological model that indicates the flow 
pattern of the groundwater in an objective medium was built based on the geological 
model and the hydrogeological characteristics of the geological components. For the 
investigation of the geochemical characteristics of KURT, rock-forming minerals and 
fracture filling minerals were identified using an optical microscopic study. Groundwater 
chemistry was also investigated using groundwater samples collected at various depths 
of a total of 17 boreholes at the KURT site. A groundwater flow modelling was performed 
at regional and local scales to understand the groundwater flow system at the KURT site. 
A regional-scale groundwater flow modelling was performed to understand conceptually 
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the groundwater flow at the regional scale around KURT, and to derive a simulation 
domain and boundary conditions for local-scale groundwater flow modelling. The 
local-scale groundwater flow modelling was performed to understand the local-scale 
groundwater flow system around KURT and to introduce the boundary conditions for a 
site-scale groundwater flow and solute transport modelling around KURT. The distribution 
of lineaments and fracture zones at 500 m depth from the surface where a disposal 
repository would be expected to be located was estimated from the data on the 
lineaments and fracture zones by the analysis of the geological structural model and the 
groundwater flow model. From the estimated distribution of the lineaments and fracture 
zones, the study area for a disposal repository which is used as the layout of the A-KRS 
was determined based on the following conditions: i) fracture zone must not cross the 
repository; ii) the repository must stay away from the fracture zones greater than 50 m. 
After the study area was selected based on information on the fracture zones and the 
results of the groundwater flow simulation at the KURT site, a particle-tracking simulation 
was performed. The results of the analysis of the particle-tracking simulation allowed to 
determine the average groundwater flow rate in the fractured rock and fracture zone, the 
average transport distance from the hypothetical repository to the fracture zone, and the 
migration distance within the fracture zone, and this information was applied in the 
safety assessment of the A-KRS. 

After the construction of KURT, several representative in situ tests and experiments 
were made to investigate the performance of repository barriers; a single hole heater test, 
an excavation damage zone study, a study on the characteristics of a solute migration in 
rock fractures, a hydrogeological and geochemical study. As KURT was approved as a 
“general facility”, where no radioactive materials can be used inside, it is not allowed to 
conduct any experiments using radioactive nuclides in the facility. In 2011, KURT was 
used to investigate the influence of groundwater pressure on the fracture aperture size 
which controls the fracture transmissivity, at the request of Sandia National Laboratories 
(USA). Additional research, i.e. a spontaneous potential experiment, is in progress to 
determine the hydraulic properties and behaviour of the 3-D subsurface volume of the 
saturated fractured rock using a hydraulic head and streaming potential data. KURT was 
designated as a partner of the IAEA Underground Research Facility (URF) Network in 
August 2012. 

Data collected from geological investigations at KURT were used in the design and 
safety assessment of the A-KRS. KURT has also played a significant role in developing and 
demonstrating a repository system as well as the technologies needed for its construction 
and closure. The research experience gained at KURT has provided important information 
to validate the safety and feasibility of a disposal system and has made important 
contributions toward the successful implementation of a future commercial geological 
repository programme. The experience gained at KURT was further used in the safety 
assessment and the development of the safety cases for an intermediate- and low-level 
waste repository in Korea. 

KAERI obtained government approval for a five-year R&D programme for a HLW 
long-term management system development in March 2012, which focuses on an 
enhancement of the performance of EBS of up to 20%, the establishment of the 
infrastructure for in situ demonstrations at KURT, and the development of safety cases 
based on the KURT environment. From 2012 to 2016, intensive experiments on the 
hydrogeological characterisation of MWCF and in situ long-term performance tests on the 
1/3 scale engineered barrier system are major experimental research items to be 
executed at the KURT facility. The current dimensions of the research modules are 
limited, thus the KURT facility will be extended for the execution of the planned tests and 
experiments by 2014. 
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The design and safety assessment of the A-KRS 

KAERI developed the A-KRS as a reference geological disposal system for HLW from 
the pyroprocessing of PWR spent nuclear fuels in Korea. The A-KRS is a conceptual 
hybrid-type repository system, in which two kinds of pyroprocessed radioactive wastes, 
low-level metal wastes and ceramic high-level wastes, are to be disposed of through 
separate disposal strategies. The design of the disposal system is based on the following 
three fundamental principles: the multi-barrier principle, the defence-in-depth principle 
and the radiation protection principle. As conceptually depicted in Figure 2, the A-KRS is 
considered to be constructed at two different depths in a geological media: 200 m depth, 
at which a possible human intrusion is considered to be limited after closure, for the 
pyroprocessed metal wastes with lower or no decay heat producing nuclides, and 500 m 
depth, believed to be in the reducing condition for nuclides with a much higher 
radioactivity and heat generation rate. 

Figure 2: A-KRS, a conceptual hybrid-type repository system 

 

The EBS design, including a disposal canister and a buffer, is based on international 
standards, as regulations regarding HLW repository performance are not yet established 
in Korea. Even though this design work is a general approach, the geologic data obtained 
from the KURT site are used where appropriate, i.e. the KURT site is used as a reference 
site for the design work. The development of a geological repository is carried out using 
iterative procedures of the design and performance assessment or safety assessment. 
The amounts of HLW is estimated based on the material balance from the pyroprocessing. 
The decay heat and radioactivity of HLW are calculated from a reference spent nuclear 
fuel, which is planned to be pyroprocessed after 10 years of cooling. 

Since the total amount of HLW from the pyroprocessing of PWR spent nuclear fuel is 
not large, the disposal tunnels can be described with one disposal panel. According to the 
classification of the fracture zones, the disposal panel should be placed such that it has a 
50 m safety distance from order 2 fracture zones. The disposal zone in the research area 
is selected to avoid the order 2 fracture zones. The disposal depth for ceramic waste is 
determined at the level at which the geochemical condition is reduced in order to 
minimise the corrosion rates of the disposal canisters and the dissolution rates of the 
ceramic waste forms. The distance from the repository to human beings should be 
sufficient such that the radionuclides released might decay out during the migration. 
Also, an inadvertent human intrusion into the geological disposal system should be 
avoided. The disposal tunnels for ceramic waste are located at a 500 m level below the 
surface. The layouts of the disposal system are determined mainly through a thermal 
analysis. It was determined that the peak temperature in the buffer should not exceed 
100°C. Two kinds of disposal systems, horizontal and vertical, are developed. 
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We developed a computer program using Goldsim (2006) to assess the safety and 
performance of the A-KRS. Figure 3 shows the near- and far-field areas around the A-KRS 
repository system illustrating a connection to the biosphere envisaged typically under the 
geographical circumstances in Korea (Jeong, 2011). To check the design feasibility of the 
A-KRS, we made a safety assessment of the A-KRS for a reference scenario and three 
“What if?” scenarios: a well intrusion scenario, an earthquake scenario and an initial 
defect of a waste canister. All the scenarios are derived from the FEP analysis and a 
general scenario development methodology. Figure 4 shows the annual dose rates from 
nuclides with the total exposure dose rate for farming exposure group for the reference 
scenario. As shown in the figure, the exposure dose rates farming exposure group are far 
below the safety goal (10 mSv/yr), and are even lower than the natural background rate 
(2.4 mSv/yr) in Korea. 

Figure 3: Conceptual modelling domain for the safety assessment of the A-KRS 

 

Figure 4: Dose exposure rate to the farming exposure group for reference scenario 
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Development of complex scenarios 

According to the regulatory guidelines for a deep geological disposal system for the 
HLW in Korea, the total annual risk for the representative person resulting from radiation 
exposure should not exceed 1.0 ´ 10–6/yr (NSSC, 2012). The use of complex scenarios 
considering the occurrence of each scenario for the risk-based safety assessment was 
also suggested, as was the use of complementary safety indicators such as radionuclide 
concentration and flux, natural analogue study and multiple source-term evaluation to 
support the development of safety cases. Therefore, we are developing methodologies for 
the development of complex scenarios, which are combinations of each scenario by 
considering the occurrence probability of each scenario to estimate a risk-based safety 
evaluation for integrating complex radiation exposure situations in the reference HLW 
repository system. We selected a combination of a reference scenario and an earthquake 
scenario as a reference complex scenario to develop methodologies for complex scenarios. 
The occurrence probability of an earthquake is expressed as a Poisson probability 
distribution function, the magnitude of the earthquake is expressed as a log-uniform 
probability distribution function and the hypocentral distance is expressed as a triangular 
probability distribution function. We consider two kinds of impacts of an earthquake on 
the repository system, a direct transport of radionuclides through the major water 
conducting features (MWCF) into the biosphere by the failure of internal fractures and 
the increase of groundwater flow rates from an earthquake. Based on these assumptions, 
we can obtain possible five complex scenarios. The Monte Carlo simulation results for the 
reference complex scenario are plotted in Figure 5. We found that the methodologies for 
the development of complex scenarios developed can be applicable to an estimation of a 
risk-based safety evaluation for integrating complex radiation exposure situations in a 
reference HLW repository system and can be used in the development of safety cases by 
making various risk profiles (Kim, 2012). 

Figure 5: Monte Carlo simulation results for a reference complex scenario 

 

Conclusion 

KAERI is developing generic safety cases for a reference high-level waste repository in 
Korea based on the KURT environment. The A-KRS is a conceptual repository for the 
disposal of high-level wastes resulting from the pyroprocessing of PWR spent nuclear 
fuels in Korea. The layout of the A-KRS was determined through thermal analysis and the 
analysis of the geological structural model and the groundwater flow model of KURT, 
which is a purpose-built generic underground research laboratory for the development of 
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technologies for siting and geological investigation of a geological repository of HLW. The 
host rock of the KURT site is granite, which is a candidate rock type for a HLW disposal 
repository in Korea. KURT is the only facility in Korea where radioactive waste disposal 
research can be conducted under repository conditions because a HLW disposal repository 
site has not yet been determined. Also, it is being used to perform various in situ tests and 
experiments which can be used to develop safe and reliable disposal techniques for 
high-level radioactive waste in a deep geological formation. The basic research conducted 
in KURT can be used in the development of generic safety cases for the HLW repository 
and has been used in the development of site-specific safety cases of low- and 
intermediate-level waste repository in Korea. Therefore, the research experience gained 
using KURT are providing important information to validate the safety and feasibility  
of the disposal system and making an important contribution to the successful 
implementation of a geological repository programme in the future. The long-term safety 
assessment of the A-KRS was performed using a program based on a GoldSim program. 
The design feasibility of the A-KRS was check by estimating the annual exposure dose rates 
for a reference scenario and three “What if?” scenarios. A methodology for developing 
complex scenarios by a combination of a reference scenario and an earthquake scenario 
was also created. This can be used to make a risk-based safety evaluation of the HLW 
repository system and the development of safety cases by making various risk profiles. 
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