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The development of pyro-processing technology is ongoing and has 
not yet been demonstrated at the commercial level. Consequently, 
the Government of the Republic of Korea requested an assessment 
of the technical feasibility of this technology. The assessment 
was also to include the appraisal of a disposal solution for waste 
generated by pyro-processing. With regard to the latter, the IAEA 
was requested by the Government of the Republic of Korea to 
review the status of the disposal project within the IAEA’s Waste 
Management Assessment and Technical Review Programme. This 
report presents the consensus view of the international group of 
experts convened by the IAEA to carry out the review.
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foreword

the development of a radioactive waste disposal system is indispensable 
in maintaining the sustainability of nuclear energy. the Korea Atomic energy 
research Institute (KAerI) has studied the direct geological disposal of 
spent nuclear fuel since 1997. KAerI has also focused on the development of 
processes suitable for reducing the volume of spent nuclear fuel and the recycling 
of valuable fissile material. one of the most promising technologies investigated 
by KAerI is the pyro-processing of spent nuclear fuel followed by the geological 
disposal of the generated high level waste (hlw). 

since 2007, KAerI has been running a research programme focusing on 
the recycling of spent nuclear fuel, as well as studies aimed at the development 
of a relevant geological disposal system able to accept the resulting hlw. the 
core aims of the KAerI study were to characterize the geological media, design 
a repository system and assess the overall safety of the disposal system.

the development of pyro-processing technology is ongoing and has not 
yet been demonstrated at the commercial level. thus, the government of the 
republic of Korea requested an assessment of the technical feasibility of this 
technology. the assessment also included the appraisal of a disposal solution 
for waste generated by pyro-processing. with regard to the latter, KAerI 
requested that the IAeA review the status of the disposal project within the waste 
management Assessment and technical review Programme (wAtrP).

Peer reviews are increasingly being acknowledged as an important element 
in building broader stakeholder confidence in the safety and viability of related 
facilities. this report presents the consensus view of the international group of 
experts convened by the IAeA to perform the review.
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EDITORIAL NOTE

Although great care has been taken to maintain the accuracy of information contained 
in this publication, neither the IAEA nor its Member States assume any responsibility for the 
consequences which may arise from its use.

The use of particular designations of countries or territories does not imply any 
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of 
their authorities and institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as 
registered) does not imply any intention to infringe proprietary rights, nor should it be construed 
as an endorsement or recommendation on the part of the IAEA.
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sUMMArY

the Korea Atomic energy research Institute (KAerI) is investigating the 
pyro-processing of spent nuclear fuel, followed by the geological disposal of the 
high level waste (hlw) generated from this process. During the pyro-processing 
procedure, spent nuclear fuel is treated in a number of stages during which the 
uranium and transuranium elements are separated from different waste streams. 
the intention is for the uranium and transuranium elements to be reused and 
burned in fast reactors. the different waste streams consist of:

 — metal waste (fuel cladding and structural material);
 — high level waste, as ceramic monazite containing most of the rare earth 
fission products and some transuranium elements;

 — Air filters trapping iodine and technetium;
 — silicate ammonium phosphate (sAP) glass containing most of the strontium;
 — fly ash containing most of the caesium.

It is proposed that the sAP and fly ash will be stored and left to decay 
over several hundreds of years and then disposed of as low level waste (llw). 
Proposals for iodine and technetium management include future transmutation. 
the disposal of sAP, fly ash, iodine and technetium has not been considered in 
the present proposal for the deep geological disposal of hlw and metal waste.

by introducing pyro-processing, the volume (or mass) of hlw, as well as 
the heat load, can be reduced significantly. It is expected that the required disposal 
area will be ten times smaller than if the spent fuel were disposed of directly.

DIsPosAl system

for more than a decade, KAerI has been investigating spent nuclear 
fuel disposal options. In order to support these efforts, it operates the KAerI 
underground research tunnel (Kurt), located in a mountainous area inside 
the KAerI complex in yusung gu. Kurt functions as a major facility for the 
study and validation of the safety and feasibility of the proposed deep geological 
disposal system. though the site for a geological repository has not yet been 
selected, research performed at Kurt is expected to provide important inputs for 
the design and safety case of the planned disposal facility.

In the absence of an actual disposal site, and for the purposes of this peer 
review, KAerI has designed a hypothetical disposal facility at the Kurt site. 
the proposed disposal facility is composed of two distinct disposal zones, one 
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at around 200 m deep for the disposal of metal waste and a second zone around 
500 m deep for the disposal of hlw.

the hlw is disposed of in copper/cast iron canisters, i.e. a cast iron inner 
container with a 1 cm thick copper coating. A new process has been developed 
for the copper coating process and for the sealing of the lid. canisters are 
disposed of either horizontally in long boreholes or vertically in short boreholes 
from the bottom of the tunnels. In both cases the canisters are surrounded by a 
clay buffer made up of compacted domestic ca-bentonite. following disposal, 
the tunnels and shafts are backfilled. the design is similar to that proposed by 
other countries, e.g. finland and sweden.

It is proposed that the metal waste will be packed into steel canisters placed 
inside concrete containers and disposed of in a concrete structure in the tunnels. 
the empty space between the packages and the concrete structure will be filled 
with ca-bentonite and the area between the concrete and the tunnel walls will be 
backfilled using a mixture of crushed rock and bentonite.

Peer revIew

KAerI requested that the IAeA organize an international peer review to 
assess, on the basis of the IAeA safety standards and best international practice, 
the feasibility of the KAerI approach for the development of a geological 
disposal system for hlw and metallic waste from the pyro-processing of spent 
nuclear fuel (snf).

the KAerI approach review addressed several topics, including:

 — the assessment of the overall approach to the development of a geological 
disposal system;

 — the assessment of the technical feasibility of the proposed system (geology 
and engineered barrier system);

 — Advice on the methodology for the development of the safety case and 
supporting safety assessment;

 — recommendations for further studies.

results

the results of the review are summarized below.
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Boundary conditions

 — the team reviewed the disposal system only and did not attempt to evaluate 
the feasibility and reality of pyro-processing itself.

 — the policy, strategy and regulations concerning geological disposal are 
being developed in the republic of Korea.

 — no disposal site has yet been selected in the republic of Korea.
 — the project at its current stage cannot be considered to be a disposal 
development project or a feasibility study. It is instead a study aimed at 
demonstrating an appropriate approach performed against criteria based on 
llw disposal regulations and international safety standards, experience 
and best practice.

overall comments

 — the encapsulation of ceramic waste and the construction and operation of a 
disposal facility, as described, is based on experience gathered from various 
programmes around the world.

 — the new method for producing copper/cast iron canisters by means of the 
cold spray technique seems promising based on tests performed to date. 
further studies, however, are required on the mechanical and corrosion 
properties of the finished canister.

 — the use of the cold spray technique for the sealing of the copper canisters 
also appears promising. further studies and demonstrations of the quality 
of the seal and the applicability of the method in a hot cell environment are 
required.

 — the safety of disposal can probably be ensured, but further studies of the 
robustness of the system are required. the review team has not identified 
any issues that would halt progress.

 — In the current safety assessment, calculated doses are many orders of 
magnitude larger for the metal waste repository than for the ceramic waste 
repository. further action should therefore be undertaken to optimize the 
system. this could include both improving the metal waste repository and 
relaxing the requirements governing the ceramic waste repository.

Good practice

 — requesting a peer review at this stage of development was a good decision.
 — studies in the republic of Korea on disposal are helping to broaden 
knowledge on radioactive waste disposal since they include components 
that are complementary to r&D programmes in other countries.
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 — It is commendable that a study on the management and disposal of 
radioactive waste from pyro-processing is being performed in parallel with 
the development of pyro-processing itself.

 — KAerI has demonstrated a sensible overall approach to safety assessment 
that includes key steps recognized internationally.

 — the overall strategy of utilizing the Kurt underground research facility 
for data acquisition, methodology development and model testing is 
considered a good approach in terms of providing the relevant input for 
studies on the development of a geological disposal facility.

 — the move from safety assessment oriented studies to the development of 
the safety case represents an important step forward.

 — the establishment of the cyPrus database for documenting the process 
and selection of fePs (features, events and processes) ensures the 
systematic collection and traceability of data.

recommendations

General

 — KAerI should define the functional requirements (including safety 
functions, the possibility of handling, technical feasibility) for all the 
components of the repository system.

 — the strategy behind the individual programme development and 
investigation stages should be clearly set out and explained.

 — the subsequent r&D programme should be driven by needs identified by 
the ‘end user’ (safety assessors) formulating their key areas of interest and 
related objectives.

 — the safety assessment needs to be applied iteratively as the disposal 
programme develops and should be used to help guide the development of 
the disposal concepts and the necessary r&D.

 — As the disposal programme progresses, increasingly more realistic safety 
assessments should be conducted so that the assessments provide better 
guidance on the disposal concepts and engineered barriers that are needed.

 — It is important that a well developed management system (QA, Qc and 
quality management) is used for data gathering, including consistency 
checks, systems design and safety assessment.

 — It should be ensured that the further development of the disposal system is 
fully in line with the appropriate IAeA safety standards.



5

Geology

 — the investigations at Kurt should be used for developing strategies and 
methodologies for site characterization and modelling for real disposal 
sites.

System

 — further characterization studies of the waste are recommended, including 
assessments of the separation of radionuclides during pyro-processing.

 — further development work is required with regard to the cold spray coating 
method used in the manufacture of the canisters.

 — the evolution over time of the different barriers and site conditions should 
be analysed. In this context, the interaction between different barriers 
should also be considered, e.g. the waste/canister and canister/buffer.

 — the amount of contamination with tru and the content of cs-135 need to 
be considered in the decision on how to dispose of the sAP and fly ash after 
decay storage.

 — the possibility of there being trapped fuel in the metal waste and its 
influence on heat generation and design should be considered.

 — the disposal of metal waste at the same depth as ceramic waste should be 
considered.

 — when co-locating a repository for high level ceramic waste along with that 
for metal waste, possible interactions should be considered based on the 
results of safety assessment.

 — with regard to the development of the repository system, the possibility 
of co-disposing several types of waste, e.g. spent fuel and pyro-processed 
wastes, should be considered both in terms of design and safety assessment.

 — the design of the access shafts/ramps and of the various plugs should 
take into account safety case implications, as should the sealing of deep 
investigation boreholes.

Safety assessment

 — clearer links should be established between the scenarios and the key 
physical processes that have the potential to significantly affect the safety 
functions of the disposal system components.

 — more emphasis should be put on modelling the evolution of the disposal 
system and particularly of the engineered barrier system to demonstrate 
that the barriers will work together as a system to contain the wastes and 
retard radionuclide transport over time.
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 — further sensitivity and uncertainty analyses should be conducted and 
the analyses should consider the entire disposal system (including the 
source term as well as the near field, far field and biosphere) to assess the 
importance of a wider range of parameters and processes.

 — sensitivity analysis could be developed as a tool for understanding the role 
and relative importance of different barriers and processes.

 — the safety assessment and the safety case being developed should be used 
to strengthen the integration of information from the different disciplines 
and work teams involved (e.g. the teams involved in safety assessment, 
disposal system design, research and pyro-processing).
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1. IntrodUCtIon

1.1. the IAeA wAtrP system

the IAeA’s waste management Assessment and technical review 
Programme serves member states by providing technical assessments and 
peer reviews of their national policies, programmes and facilities related to the 
management of radioactive waste. following a request from a member state, 
or an organization within a member state, the IAeA convenes an international 
panel of experts to perform a peer review in accordance with the terms of 
reference established by the requesting member state or organization and with 
the support of the IAeA, as necessary. the mechanism used for this purpose 
typically includes a review of source material, an exchange of information with 
the applicant’s experts in a review meeting and a compilation of the findings in a 
review report.

A peer review allows the requesting member state or organization to obtain 
independent opinions and advice from international experts. the experts act 
in a personal capacity, which means that the final review report presents their 
consensus view, which may not necessarily coincide with that of their country 
or organization or the IAeA. the findings, conclusions and recommendations of 
the wAtrP experts are based on IAeA safety standards and ‘good international 
practice’, as reported in IAeA technical recommendations and through 
demonstrations of proven radioactive waste management solutions.

1.2. bAcKgrounD

the Korea Atomic energy research Institute (KAerI), located in Daejon, 
was established in 1959 as the sole professional research oriented institute for 
nuclear power in the republic of Korea. It has rapidly built a reputation for 
r&D in various fields, including spent fuel recycling and radioactive waste 
management.

one of the most promising technologies currently under investigation at 
KAerI is the pyro-processing of spent nuclear fuel followed by the geological 
disposal of the hlw generated. Pyro-processing is based on the extraction 
of u, Pu and minor actinides (mA) using molten salt. thus, the basic concept 
of pyro-processing is group recovery, which significantly enhances proliferation 
resistance. A part of the u recovered from spent fuel can be blended with a Pu 
and mA mixture and the blended material fabricated as fuel for sodium cooled 
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fast reactors (sfrs). the process leads to the generation principally of metallic 
and ceramic llw that will need to be disposed of at a geological disposal 
facility.

In order to support the development of a national disposal facility for hlw, 
KAerI operates the KAerI underground research tunnel (Kurt), located in 
a mountainous area inside the KAerI complex at yusung gu. Kurt provides 
the infrastructure for the study and validation of the safety and feasibility of the 
proposed deep geological disposal system. even though the site for a geological 
repository has not yet been selected, investigation work being performed at Kurt 
provides input for both the design and safety case of the future disposal facility. 
several 500 m deep boreholes have been drilled in the area in order to sample 
the host rock. In addition, KAerI has designed a hypothetical repository at the 
Kurt site specifically for the purposes of this peer review; the documentation 
summarizes the geological and hydrological properties of the research site.

one of the unique characteristics of the geological disposal system in the 
republic of Korea is the waste that will have to be disposed of. by introducing 
pyro-processing, the volume (or mass) as well as the heat load of hlw can be 
significantly reduced. the required disposal area is expected to be ten times 
smaller than if the spent fuel were to be disposed of directly.

1.3. terms of reference

the objective of the review was to assess, on the basis of IAeA safety 
standards, the feasibility of the KAerI approach to the development of a 
geological disposal system for hlw from the pyro-processing of spent nuclear 
fuel (snf) and to summarize the findings in the wAtrP review report.

the feasibility of the KAerI approach has been reviewed by independent 
experts in order to provide recommendations and advice on the continuation of 
r&D as indicated in the following:

 — Assessment of the overall KAerI approach for the development of a 
geological disposal system;

 — Assessment of the technical feasibility of the proposed geological disposal 
system (geology and engineered barrier system);

 — Advice on the methodology to be employed for developing the safety case 
and the supporting safety assessment for the geological disposal system;

 — recommendations for further studies.
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when conducting the peer review, the expert team considered:

 — the national hlw disposal programme;
 — the nature of the radioactive wastes (source term) to be disposed 
of, including the inventory, radionuclide content, physicochemical 
characteristics, heat generation, etc.;

 — the methodological approach to siting and the technical and technological 
basis for the selection and characterization of the site;

 — the relevance and completeness of site characterization studies and their 
appropriateness for site selection;

 — the design concept and the selection of engineered barrier materials;
 — the alignment of the design basis and derived requirements and procedures 
with safety standards;

 — Proven scientific and systems engineering practice;
 — the quality management system and its implementation.

the full text of the terms of reference can be found in Appendix I.

1.4. conDuct of the revIew

the review was conducted by a team of four senior international experts in 
different topics relevant to the scope of the peer review. they were selected from 
IAeA member states, were familiar with the IAeA safety standards and had 
extensive experience in the geological disposal of radioactive waste, in particular 
in crystalline rock. the members of the Peer review team were selected by the 
IAeA secretariat and accepted by KAerI. the Peer review team assembled 
by the IAeA comprised h. forsström (sweden), D. bennett (uK), m. vahanen 
(finland) and w. Kickmaier (switzerland). the team was supported by two 
scientific secretaries from the IAeA, l. nachmilner from the waste technology 
section, Department of nuclear energy (who did not take part in the review 
mission) and g. bruno from the waste and environmental safety section, 
Department of nuclear safety and security. brief curriuclum vitae are included 
in Appendix II. the review was carried out according to the terms of reference 
described above.

the review comprised an evaluation of materials provided in advance 
by KAerI, followed by meetings and discussions at the mission established at 
KAerI’s premises in Daejon.

for the purpose of the review, KAerI prepared a report [1] on the 
KAerI geological disposal feasibility project for pyro-processed waste. the 
report was delivered to the reviewers well in advance of the meetings in the 
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republic of Korea and contained three substantial chapters on geology, the 
repository system and safety analysis. the report stimulated a large number of 
questions from the reviewers which were delivered to KAerI in advance of 
the meetings as the basis for KAerI to prepare complementary presentations. 
During the presentation sessions, it was realized that the report did not accurately 
reflect the depth of the work that had already been performed at KAerI. the 
presentations thus led to extensive discussions at the review meetings. the views 
of the reviewers, as reflected in this report, are thus based both on the KAerI 
report and, to a large extent, on the complementary information provided in 
Daejon on the different topics of interest for the review.

As background material for the review, a long list of references was also 
provided in the terms of reference. the reviewers, however, did not analyse 
these references in detail, but have based their comments and judgements on 
the presentations and discussions during the review meetings and the overview 
report presented before the meetings.

1.5. structure of the rePort

this review report has introductory sections which describe the role of 
pyro-processing in the waste disposal programme in the republic of Korea, 
the waste arising from pyro-processing and a short description of the proposed 
disposal system. the observations and recommendations of the review team 
are then presented under three separate headings: geological investigations, 
disposal facility design and safety case and safety assessment. for each of the 
review topics, reference is first made to the appropriate part of the IAeA safety 
requirements publication on the Disposal of radioactive waste [2]. subsequently, 
a short description is provided of the KAerI approach, followed by a series of 
recommendations from the experts.

2. PYro-ProCessInG In 
tHe wAste dIsPosAL ProGrAMMe In 

tHe rePUBLIC of KoreA

the republic of Korea has an advanced nuclear energy programme. At 
present, 21 reactor units (17 Pwrs and 4 Phwrs) are in operation. A further 
seven Pwrs are under construction. spent fuel from the reactors is currently 
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stored at reactor sites. In total, around 12 000 tonnes of heavy metal (t hm) are 
in storage. this is expected to rise to 30 000 t hm by 2030. Planning for a central 
storage facility is ongoing.

the future national policy will be decided through public participation, 
taking into consideration national and international trends on policy and 
technology development. A draft plan is being developed featuring two parallel 
tracks for the future management of spent nuclear fuel. one track involves the 
direct disposal of both Pwr and Phwr fuel, while the second track proposes 
that Pwr fuel will be subjected to pyro-processing for the recycling of u, Pu and 
minor actinides in fast reactors and the subsequent disposal of the resulting 
smaller volumes of hlw in a geological disposal facility.

two organizations play key roles in the development of the spent fuel 
management system, Krmc and KAerI. Krmc, the Korea radioactive waste 
management corporation, is responsible for the transportation and disposal of 
low and intermediate level waste (lIlw), the interim storage and disposal of 
spent fuel, the siting, construction and operation of radioactive waste management 
(rwm) facilities, r&D on radioactive waste and spent fuel management and the 
administration of the rwm fund on behalf of the government. Krmc reports to 
the ministry of Knowledge and the economy. KAerI, the Korea Atomic energy 
research Institute, which reports to the ministry of education, science and 
technology, is responsible for basic and fundamental technology development 
regarding advanced fuel cycles and for the management of hlw from such fuel 
cycles.

KAerI is thus involved in the development of pyro-processing technology. 
the main objectives of pyro-processing are:

 — to extract uranium, plutonium and minor actinides for recycling in sodium 
cooled fast reactors (sfrs);

 — to minimize the thermal load of the hlw, and thus the footprint of the 
repository;

 — to remove certain long lived radioisotopes for later transmutation.

3. wAste froM PYro-ProCessInG

the different steps involved in pyro-processing and the various product and 
waste streams are shown schematically in fig. 1.
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FIG. 1. Scheme and flow diagram of the pyro-processing system for spent nuclear fuel.

Pyro-processing includes the following steps:

 — the chopping up of the fuel pins to expose the uranium fuel;
 — voloxidation/decladding to remove the metal components (including 
the cladding), drive out volatile waste components (I, tc and cs) and to 
render the fuel into powder form for subsequent treatment in molten salt 
(licl/Kcl);

 — oxide reduction to remove sr;
 — electro-refining to separate out the u;
 — electro-winning and drawdown to remove the transuranium elements 
(tru, i.e. Pu and mAs);

 — Purification of the licl/Kcl to collect the remaining fission products and 
traces of separated material.

the review team did not examine pyro-processing as such, but used 
the information as a starting point for the further assessment of the repository 
system. based on the information provided, the following waste streams emanate 
from pyro-processing:

(1) metal waste consisting of cladding hulls and fuel element support 
structures. the metal waste is compacted (or melted). the contamination of 
the metal waste with fuel material is assumed to be less than 0.001% (of the 
total fuel).
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(2) ceramic waste, i.e. hlw solidified into a monazite ceramic containing 
mainly non-separated fission products such as rare earth materials and 
traces of cs (0.2%), sr (0.1%), u (0.1%) and tru (0.1%).

(3) filters containing most of the I and tc. this material is stored for later 
transmutation.

(4) sAP waste, i.e. separated sr vitrified in sodium–aluminium–phosphate 
(sAP) glass. the sAP waste contains most of the sr (99.9%) and is assumed 
not to be contaminated with tru.

(5) fly ash containing most of the cs (97.8%). It is assumed not to be 
contaminated with tru. the further treatment of the fly ash has not yet 
been determined. As with the sAP waste, the fly ash will be stored for heat 
decay.

sAP waste exhibits, together with fly ash, the highest level of heat 
generation and thus will be stored for a hundred years or so to allow the heat to 
decay. It will then be disposed of as lIlw.

4. MAIn feAtUres of 
tHe ProPosed dIsPosAL sYsteM

the reviewed disposal system has two components: the deep geological 
disposal of high level ceramic waste (type 2 in the list above), and an intermediate 
depth disposal system for metal waste (type 1 in the list). As became evident 
during the review, the hlw disposal system has been elaborated in more detail 
than that for metal waste disposal; nevertheless, both were reviewed.

4.1. DIsPosAl system for hIgh level cerAmIc wAste

the main components of the disposal system for high level ceramic waste 
are shown in fig. 2. they are:

 — A copper/cast iron disposal canister containing ceramic waste in steel 
storage containers. the 1 cm thick copper layer is attached to the cast iron 
canister using a new cold spray coating method which has been shown to 
produce good copper quality. the same method is also used for sealing 
the copper lid to the copper body. the cast iron inner container provides 
the mechanical strength of the canister, while the copper coating provides 
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corrosion protection. the thickness has been chosen with a margin of 
resistance of more than 1000 years, which corresponds to the required 
expected functional time period. the copper/cast iron canister is around 
1 m in diameter and 1.7 m high.

 — the canister is disposed of either in long, wide boreholes as shown in 
the figure, or in boreholes drilled in the bottom of the tunnels. following 
placement in the boreholes, the canisters are surrounded with domestic 
ca-bentonite.

 — It is proposed that disposal will be at a depth of around 500 m in good 
quality granitic bed rock.

FIG. 2. Disposal system for high level ceramic waste from pyro-processing.
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the design is similar to that proposed in other countries, e.g. finland and 
sweden, and also to that which has been proposed in the republic of Korea for 
spent fuel disposal. for all these examples the amount of waste or fuel that can be 
disposed of in a canister is determined by the heat load, which must be such that 
it produces a temperature within the bentonite and the bed rock of well below 
100°c. since most of the heat generating radionuclides (e.g. sr-90, cs-137 and 
Am-241) will have been removed from the hlw, and since the volume of hlw 
will be small, it will be possible to dispose of waste from around 20 t hm of 
fuel in one canister, which corresponds to roughly ten times less than for direct 
disposal.

4.2. DIsPosAl system for metAl wAste

the volume of metal waste is about three times larger than the volume 
of hlw. however, such waste is assumed to have a very low level of tru 
contamination. the metal waste is compacted in steel storage containers that are 
placed in cube shaped concrete metal waste disposal packages (1.3 m per side) 
made of polymer concrete.

the packages are then disposed of in a concrete structure in tunnels 
excavated at a depth of around 200 m (fig. 3). the empty space between the 
packages and the concrete structure is filled with bentonite blocks and the space 
between the structure and the wall is filled with a mixture of crushed rock and 
bentonite.

5. GeoLoGICAL InVestIGAtIons

5.1. IAeA sAfety reQuIrements

Requirement 9 of SSR-5 [2]: Isolation of radioactive waste

the disposal facility shall be sited, designed and operated to provide 
features that are aimed at isolation of the radioactive waste from people and from 
the accessible biosphere. the features shall aim to provide isolation for several 
hundreds of years for short lived waste and at least several thousand years for 
intermediate and high level waste. In so doing, consideration shall be given to 
both the natural evolution of the disposal system and events causing disturbance 
of the facility.
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FIG. 3.  Disposal system for metal waste from pyro-processing.

Requirement 15 of SSR-5 [2]: Site characterization for a disposal facility

the site for a disposal facility shall be characterized at a level of detail 
sufficient to support a general understanding of both the characteristics of the site 
and how the site will evolve over time. this shall include its present condition, its 
probable natural evolution and possible natural events, and also human plans and 
actions in the vicinity that may affect the safety of the facility over the period of 
interest. It shall also include a specific understanding of the impact on safety of 
features, events and processes associated with the site and the facility.
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5.2. overAll APProAch

for the purpose of the review, KAerI considered a hypothetical site to 
which the data obtained at the KAerI underground research tunnel have been 
transposed.

the investigations performed by KAerI as part of the potential 
development of a geological disposal facility for pyro-processed waste provide 
a general overview of the geological environment of the republic of Korea. 
KAerI performed detailed investigations in the Kurt area using an integrated 
approach ranging from the regional scale to the local and site scales.

the investigations performed at different scales were composed of 
studies conducted from the surface complemented by subsequent underground 
characterization using the KAerI underground research tunnel specifically 
developed for the purposes of the project.

Good practice

 — the overall strategy of utilizing an underground research facility (Kurt) 
for data acquisition, methodology development and model testing is 
considered to be a good approach in terms of providing the relevant inputs 
for the study of the development of a geological disposal facility.

 — the strategy adopted by KAerI, involving different scales of investigation 
(regional, local and site) as well as the stepwise approach to implementing 
surface and subsequent underground investigation, is a good practice.

 — taking the generic character of the project into account, KAerI has 
implemented an r&D programme which covers the various disciplines 
of interest involved in developing a geological disposal facility including 
geology, hydrogeology, geophysics, geochemistry and rock mechanics. 
such an approach has provided the opportunity to develop the methodology 
required in order to produce a consistent dataset that will serve as the basis 
for generic safety assessment.

 — the use of the data from Kurt as a basis for generic safety assessment is 
very useful.

recommendations

 — the overall process of data acquisition for the purpose of site 
characterization is appropriate considering the generic character of the 
project and its stage of development. however, there is still much work to 
perform with respect to data acquisition for a detailed characterization of a 
real site in terms of developing the safety case for the disposal facility.
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 — Discussion of the report during the review meeting revealed that additional 
data sources were used, e.g. geophysical measurements to develop and 
test the geological/hydrogeological model. In order to provide a complete 
picture and allow the conclusions drawn to be followed, the report should 
at least summarize the key findings and refer to relevant supporting 
document/literature data.

5.3. sIte chArActerIZAtIon ActIvItIes

An important site investigation programme has been under way in and 
around the Kurt facility since 1997. the first investigations had the purpose of 
defining a site for the underground research tunnel and the undisturbed situation 
surrounding it. later investigations assisted in interpreting the experiments 
performed at Kurt and also to characterize the rock at depth in order to prepare 
a hydrogeological model of the deep underground geology that could be used 
for generic safety assessment purposes. the investigations were conducted by 
means of 15 boreholes with depths of 100 m to 500 m, and two 1000 m deep 
boreholes.

on the basis of the data obtained from the surface and underground 
geological, hydrogeological and geochemical investigations at different scales, 
KAerI proposed a structural and hydrogeological model deriving the main 
characteristics of a potential disposal area at the Kurt site. In some cases, 
however, such as the description of the location and orientation and the sequence 
of boreholes drilled, KAerI did not explain and provide clear insight into the 
strategy and methodology applied. from the discussions held during the review 
meeting it was apparent that there had been no consideration of potential 
alternative geological and hydrogeological models which could also fit the data 
obtained from site characterization.

for the purposes of safety assessment, and in particular the development 
of the geological and hydrogeological models, the amount of information should 
be increased and the representativeness of the data obtained confirmed. for 
example, when KAerI reported that “…the hydraulic conductivity ranged from 
10–11 to 10–5 m/sec and it was difficult to determine a representative value...”, 
“...no representative values could be obtained…”, a methodology for detailed 
investigation had to be planned and proposed for the collection of additional data 
to support and consolidate subsequent modelling and safety assessment studies.

In the same way, the rock mechanical and geochemical data at the level 
of the assumed ceramic waste disposal facility still need to be confirmed, in 
particular through an additional investigation programme. the analysis of 
already obtained data and safety assessment results should drive the additional 
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data collection programme (the locations of investigations, amount of data 
required). During discussion at the review meeting, KAerI indeed indicated that 
an additional investigation programme is planned.

At the current stage of the project, in particular because of its generic 
character, some of the conclusions drawn for site characterization are of a 
preliminary nature. further investigation programmes, model development and 
iteration steps together with the safety assessment group will contribute towards 
an in-depth understanding of the geological environment and will allow the 
improvement of the site characterization methodology.

Good practice

 — the data set and the site characterization methodologies as presented 
in the report form a sound basis for a conceptual understanding of the 
relevant processes and model development. the complementary approach 
of developing laboratory and in situ characterization and modelling is in 
accordance with good practice.

 — taking the generic character of the project into account, the approach of 
applying r&D programmes in various disciplines (geology, geophysics, 
geochemistry, etc.) will provide the opportunity to develop the methodology 
involved and derive a consistent geosynthesis data set.

recommendations

 — the site chosen for the purpose of the review is a hypothetical site to which 
data from the Kurt site have been applied. the review team recommends 
that an evaluation of the site specific data be performed and a strategy 
developed as to how this might be addressed in the future in view of the 
development of the safety case.

 — the strategy behind the individual investigation steps should be set out 
and explained; the drilling programme strategy with respect to location, 
orientation and borehole depth and the subsequent test, sampling, and 
monitoring programme might be considered an example here.

 — Although the programme provided a good data set for the Kurt site, the 
review team concluded that the site characterization strategy/methodology 
needs to be further improved before it can serve as the basis for the ‘real 
case’. KAerI should use the investigations at the Kurt site to develop an 
iterative strategy/methodology.
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 — the review team felt that the sampling strategy used to obtain groundwater 
samples and the interpretation of the geochemical data still leave room for 
improvement. these issues should be considered when starting the new 
drilling and investigation programme for the Kurt site.

 — In some cases, difficulties in deriving certain host rock properties may be 
encountered. the documentation of such ‘key uncertainties or data gaps’ 
is important in order to allow the identification of further r&D needs or 
methodology development.

 — It is important that a well developed management system (quality assurance, 
quality control and quality management) is employed for data gathering, 
including consistency checks.

 — Alternative interpretations of the hydrology should be considered and an 
investigation programme developed in order to improve the model. the 
hydrological model for the Kurt site is based on a limited number of 
boreholes. In particular, the fracture zones that have been interpreted from 
the data have, with one exception, been detected only in one borehole each. 
A critical approach must be taken to the proposed model in order not only 
to consolidate its validity, but also to define the strategy/methodology to be 
adopted for additional data acquisition.

 — If several disposal levels are to be used it is important that hydrogeological 
investigation and modelling describe any potential hydrogeological  
interaction between disposal levels in order to provide an understanding of 
any potential influence between the various disposal levels, e.g. in terms of 
radionuclide transport or chemical interaction.

 — the interpretation of the transmissivity ‘spectrum’ and the transfer of these 
data to the hydrological model will require great care and caution. A strategy 
should be developed for the performance of transmissivity measurements at 
a real site and its subsequent transfer into the model.

 — the future r&D programme at Kurt should be driven by needs identified 
by ‘end users’ (safety assessors) when formulating their key areas of 
interest and related objectives.

 — the review team considers that r&D characterization programmes such as 
those concerning rock mechanics, the engineering disturbed zone (eDZ), 
in-depth characterization of the water conducting features (wcf) and 
geochemistry should be further developed. the iterative process linked to 
safety case development will allow the refining of the r&D programmes.

 — with regard to the assessment of a potential site, the longer term geological 
evolution and resulting impact on, for example the fracture network, 
groundwater flow and transport properties, the interaction between the 
engineered barrier system (ebs) and the geo/hydro/chemical environment 
should be addressed.
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 — the characterization performed by KAerI provides a picture of the present 
situation at the site. the review team recommends that the evolution of the 
characteristics of the site be studied (e.g. weathering and palaeohydrology) 
at least in terms of time durations compatible with the hazard potential of 
the waste.

 — with regard to the r&D programme, emphasis should be placed on 
improving understanding of the deeper geological environment at the 
level of the proposed ceramic waste disposal facility (rock mechanics, 
groundwater geochemistry).

 — the conceptual understanding of the eDZ and the related key properties 
(development, extent, continuity, etc.) as well as the transport and 
retardation mechanisms within the fracture network should be addressed by 
means of further r&D programmes.

6. dIsPosAL fACILItY desIGn

6.1. IAeA sAfety reQuIrements

Requirement 8 of SSR-5 [2]: Containment of radioactive waste

the engineered barriers, including the waste form and packaging, shall be 
designed, and the host environment shall be selected, so as to provide containment 
of the radionuclides associated with the waste. containment shall be provided 
until radioactive decay has significantly reduced the hazard posed by the waste. 
In addition, in the case of heat generating waste, containment shall be provided 
while the waste is still producing heat energy in amounts that could adversely 
affect the performance of the disposal system.

Requirement 9 of SSR-5 [2]: Isolation of radioactive waste

the disposal facility shall be sited, designed and operated to provide 
features that are aimed at isolation of the radioactive waste from people and from 
the accessible biosphere. the features shall aim to provide isolation for several 
hundreds of years for short lived waste and at least several thousand years for 
intermediate and high level waste. In so doing, consideration shall be given to 
both the natural evolution of the disposal system and events causing disturbance 
of the facility.
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Requirement 16 of SSR-5 [2]: Design of a disposal facility

the disposal facility and its engineered barriers shall be designed to contain 
the waste with its associated hazard, to be physically and chemically compatible 
with the host geological formation and/or surface environment, and to provide 
safety features after closure that complement those features afforded by the host 
environment. the facility and its engineered barriers shall be designed to provide 
safety during the operational period.

Requirement 17 of SSR-5 [2]: Construction of a disposal facility

the disposal facility shall be constructed in accordance with the design 
as described in the approved safety case and supporting safety assessment. It 
shall be constructed in such a way as to preserve the safety functions of the host 
environment that have been shown by the safety case to be important for safety 
after closure. construction activities shall be carried out in such a way as to 
ensure safety during the operational period.

Requirement 18 of SSR-5 [2]: Operation of a disposal facility

the disposal facility shall be operated in accordance with the conditions 
of the licence and the relevant regulatory requirements so as to maintain safety 
during the operational period and in such a manner as to preserve the safety 
functions assumed in the safety case that are important to safety after closure.

Requirement 19 of SSR-5 [2]: Closure of a disposal facility

A disposal facility shall be closed in a way that provides for those safety 
functions that have been shown by the safety case to be important after closure. 
Plans for closure, including the transition from active management of the facility, 
shall be well defined and practicable, so that closure can be carried out safely at 
an appropriate time.

6.2. generAl feAtures AnD mAnAgement of reQuIrements

chapter 3 of the KAerI report addresses the design and design basis 
for the geological disposal system for hlw from the pyro-processing of Pwr 
spent nuclear fuel. the system is designed to contain and isolate the radioactive 
material from the human environment and is based on the multi-barrier, defence 
in depth and radiation protection principles. the design of the ebs, in particular, 



23

is based on international references since the republic of Korea does not yet 
have regulations in place regarding ebs performance for hlw.

the general features of the design have been presented in section 4. 
the KAerI report also provided comprehensive information on the design 
basis, waste and source term, canister development and manufacture, buffer 
characteristics and disposal system layout. with regard to the canister and 
buffer, information was provided on the r&D performed to date and experience 
gained from earlier tests. for example, the results of corrosion experiments on 
the selected copper material and measurements of the hydraulic and pressure 
behaviour of ca-bentonite, as well as the construction of a 1/10 scale model of 
the copper/cast iron canister with a cold spray coating method were presented 
in the report. section 4 also presents an overview of the various waste handling 
stages from encapsulation to disposal.

In order to adapt information from international programmes, requirements 
have to be set according to the case in the republic of Korea. the requirements for 
a disposal system and its various components should be derived from their safety 
and practical functions. this provides the design basis for the system, which 
concerns the specification of the loads the barriers must be able to withstand and 
material restrictions which are relevant to the reference scenario. with regard to 
tracing changes in requirements and their effect on safety functions, requirements 
should be controlled in a systematic manner.

Good practice

 — the proposed repository system has been adapted to the different types of 
waste generated in the pyro-processing process and is based on international 
experience as well as experience gained from the waste disposal programme 
in the republic of Korea.

 — the development of new methods for applying a copper coating to the 
disposal container and for sealing the canister appears promising.

 — the use of a domestically available buffer material is useful and will 
broaden world knowledge on potential buffer materials.

 — the development of practical tests regarding barrier application is timely.
 — the thermal analysis of the repository has been well performed.
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recommendations

General

 — Define the functional requirements (including safety functions, handling 
possibility, technical feasibility) for all the components of the repository 
system (see ‘management of requirements’ below).

 — the evolution over time of the different barriers should be analysed based 
on a basic understanding of processes and experimental results and taking 
into account external influences. the time period should include both the 
transition period directly following disposal and subsequent closure and the 
long time period of relatively stable conditions.

 — consider the interaction between the different barriers. the choice of 
materials should be considered carefully with regard to possible negative 
effects on other barriers or safety functions. the use of simple, well 
understood materials should be encouraged; the use of harmful substances 
(organics, high ph, cement, etc.) should be avoided.

Management of requirements

 — requirements concerning the repository system and its components derived 
from their safety and practical functions should be established. this will 
provide the design basis for the system which concerns the specification 
of the loads the barriers must withstand and material restrictions which are 
relevant in the reference scenario.

 — requirements could be categorized within the requirements management 
system into different levels for management purposes. the system should 
include all the relevant requirements, their origin and rationale along with 
solutions which are currently able to fulfil those requirements. the system 
will enable an effective review of the compliance and dependencies 
between separate specifications and requirements. An example of 
requirement categorization is provided in fig. 4.

stakeholder requirements arise from legislation, regulatory requirements, 
decisions in principle and other stakeholder requirements. for example, the 
long term safety of the disposal facility shall rely on safety functions achieved 
through mutually complementary barriers so that a deficiency in an individual 
safety function or a predictable geological change will not jeopardize the long 
term safety of the disposal facility.

Level 1 Stakeholder requirements 

Level 2 System requirements 

Level 3 Subsystem requirements 

Level 4 Design requirements 

Level 5 Design specification 

FIG. 4. Example of a requirements system structure.
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recommendations

General

 — Define the functional requirements (including safety functions, handling 
possibility, technical feasibility) for all the components of the repository 
system (see ‘management of requirements’ below).

 — the evolution over time of the different barriers should be analysed based 
on a basic understanding of processes and experimental results and taking 
into account external influences. the time period should include both the 
transition period directly following disposal and subsequent closure and the 
long time period of relatively stable conditions.

 — consider the interaction between the different barriers. the choice of 
materials should be considered carefully with regard to possible negative 
effects on other barriers or safety functions. the use of simple, well 
understood materials should be encouraged; the use of harmful substances 
(organics, high ph, cement, etc.) should be avoided.

Management of requirements

 — requirements concerning the repository system and its components derived 
from their safety and practical functions should be established. this will 
provide the design basis for the system which concerns the specification 
of the loads the barriers must withstand and material restrictions which are 
relevant in the reference scenario.

 — requirements could be categorized within the requirements management 
system into different levels for management purposes. the system should 
include all the relevant requirements, their origin and rationale along with 
solutions which are currently able to fulfil those requirements. the system 
will enable an effective review of the compliance and dependencies 
between separate specifications and requirements. An example of 
requirement categorization is provided in fig. 4.

stakeholder requirements arise from legislation, regulatory requirements, 
decisions in principle and other stakeholder requirements. for example, the 
long term safety of the disposal facility shall rely on safety functions achieved 
through mutually complementary barriers so that a deficiency in an individual 
safety function or a predictable geological change will not jeopardize the long 
term safety of the disposal facility.

Level 1 Stakeholder requirements 

Level 2 System requirements 

Level 3 Subsystem requirements 

Level 4 Design requirements 

Level 5 Design specification 

FIG. 4. Example of a requirements system structure.

system requirements define the ebs components and the functions of the 
ebs and host rock. example: the spent fuel elements shall be disposed of in a 
disposal facility located deep in the bedrock. the release of radionuclides shall 
be prevented by a multi-barrier disposal system consisting of an ebs and host 
rock such that the system effectively isolates the radionuclides from the living 
environment.

subsystem requirements consist of specific requirements for the canister, 
buffer, backfill, closure, host rock and underground openings. example: the 
buffer shall limit microbial activity.

Design requirements further clarify and add more details to the requirements 
of level 3. example: the buffer shall be so designed that the possibility of the 
microbially induced corrosion of the canister by sulphide will be minimized.

Design specifications consist of the quantitative specifications to be used 
in design, construction and manufacture. example: the density of the buffer is 
xx kg/m3.

6.3. wAste chArActerIZAtIon

the waste streams from pyro-processing have been described in section 3. 
ceramic and metal wastes only have been considered for disposal. Information on 
the characteristics of the waste products is, however, rather sparse in the material 
reviewed. moreover, the assumptions made concerning the ‘contamination’ of 
the waste with tru and/or heat generating caesium and strontium are, so far, 
based on theoretical studies and have not been backed up by practical experience.
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recommendations

 — Perform further studies to qualify the separation of radionuclides into the 
different waste streams. In anticipation of such results it is recommended 
that sensitivity analyses are performed in the safety assessment for the 
repository system with varying content of trace materials (primarily tru).

 — consider also including tc and I in the ceramic waste.
 — further characterization studies of the waste are recommended in order to 
prepare a better understanding of the release model for ceramic waste and 
metal waste.

 — the amount of contamination by tru and the content of cs-135 need to 
be considered in the decision on how to dispose of the sAP and fly ash 
following decay storage.

 — heat release from the metal waste, although low, should be considered in 
terms of disposal to assess whether it has an influence on design. sensitivity 
analysis with remaining fuel content.

6.4. cAnIsters, buffer AnD bAcKfIll

Detailed descriptions have been provided on the technology used in the 
manufacture of canisters and buffer blocks and on their technical application. 
A comprehensive r&D programme has been undertaken in order to define the 
properties and characteristics of the materials used and their behaviour under 
external strains, e.g. corrosion, pressure and temperature.

recommendations

Canister for ceramic waste

 — Although the copper canister will not be needed for more than 1000 years, 
it would be advantageous to base the assessment of the behaviour of the 
copper canister on theoretical grounds and use the results in the safety 
assessment.

 — further development work on the cold spray coating method for the 
manufacture of canisters is needed, e.g. demonstrating its effectiveness on a 
full scale canister. the sensitivity of the copper coating to external stresses 
and its long term behaviour should be assessed.

 — the requirements regarding the sealing of the copper lid to the copper 
coating should be defined and the development of cold spray coating or 
other methods should be continued.
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 — continue the development of non-destructive testing (nDt) of the canister 
and the sealing, with emphasis on the quality of the canister.

 — Any corrosion experiments should be performed under relevant 
groundwater conditions to ensure that the right processes are simulated.

Canister for metal waste

 — reconsider the use of polymer concrete since polymers can create problems 
with regard to the safety assessment.

Buffer and backfill

 — before introducing a new element to the buffer system, e.g. graphite to 
improve thermal conductivity, the implications of such elements on the 
safety assessment should be considered carefully.

 — further work is needed on the techniques and materials to be employed for 
backfilling the tunnels.

6.5. DesIgn AnD lAyout of the DIsPosAl fAcIlItIes

the design of the two types of repositories for ceramic waste and for metal 
waste is described in section 4.

recommendations

Design and layout for ceramic waste disposal

 — the design of the tunnels should take into account the stress field in the 
rock in order to minimize both rock disturbance and the extent of the eDZ.

 — In co-locating the repository for high level ceramic waste and that for metal 
waste, possible interactions should be considered based on the results of 
safety assessments.

 — the access shafts/ramps and of the various plugs should be designed with 
due consideration to the implications for the safety case. the same is the 
case for the sealing of deep investigation boreholes.

 — continue development work on both horizontal and vertical disposal 
methods.



28

Design and layout for metallic waste disposal

 — consider the disposal of metal waste at the same level as ceramic waste;
 — the possibility of gas generation and its influence on the design should be 
considered;

 — the possibility of trapped fuel in the waste and its influence on heat 
generation and design should also be considered.

7. sAfetY CAse And sAfetY AssessMent

7.1. IAeA sAfety reQuIrements

Requirement 7 of SSR-5 [2]: Multiple safety functions

the host environment shall be selected, the engineered barriers of the 
disposal facility shall be designed and the facility shall be operated to ensure 
that safety is provided by means of multiple safety functions. containment 
and isolation of the waste shall be provided by means of a number of physical 
barriers of the disposal system. the performance of these physical barriers 
shall be achieved by means of diverse physical and chemical processes together 
with various operational controls. the capability of the individual barriers and 
controls together with that of the overall disposal system to perform as assumed 
in the safety case shall be demonstrated. the overall performance of the disposal 
system shall not be unduly dependent on a single safety function.

Requirement 12 of SSR-5 [2]: Preparation, approval and use of the safety case 
and safety assessment for a disposal facility

A safety case and supporting safety assessment shall be prepared and 
updated by the operator, as necessary, at each step in the development of a 
disposal facility, in operation and after closure. the safety case and supporting 
safety assessment shall be submitted to the regulatory body for approval. the 
safety case and supporting safety assessment shall be sufficiently detailed 
and comprehensive to provide the necessary technical input for informing the 
regulatory body and for informing the decisions necessary at each step.
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Requirement 13 of SSR-5 [2]: Scope of the safety case and safety assessment

the safety case for a disposal facility shall describe all safety relevant 
aspects of the site, the design of the facility and the managerial control measures 
and regulatory controls. the safety case and supporting safety assessment shall 
demonstrate the level of protection of people and the environment provided and 
shall provide assurance to the regulatory body and other interested parties that 
safety requirements will be met.

Requirement 14 of SSR-5 [2]: Documentation of the safety case and safety 
assessment

the safety case and supporting safety assessment for a disposal facility shall 
be documented to a level of detail and quality sufficient to inform and support 
the decision to be made at each step and to allow for independent review of the 
safety case and supporting safety assessment. further guidance on the safety case 
and safety assessment is provided in IAeA safety standards series no. ssg-23, 
the safety case and safety Assessment for the Disposal of radioactive waste [3] 
and in no. ssg-14, geological Disposal facilities for radioactive waste [4]. 
Detailed examples and discussions of safety assessment models and modelling 
are contained in various report series from IAeA coordinated research projects 
(e.g. the IsAm [5] and bIomAss projects [6]).

7.2. overAll APProAch

for the purposes of the safety assessments and safety case which, it is 
planned, will be developed in the next phase of the project, KAerI refers to 
international and country specific safety principles and radiation protection 
standards.

KAerI’s approach to safety assessment proceeds via the screening of fePs 
and scenario development, model development, the modelling of radionuclide 
release from the waste and transport through the near field, far field and biosphere.

the approach to safety assessment also includes consideration of the 
evaluation of the robustness of the proposed disposal facility and the recognition 
of the need to ensure the improvement of the proposed project by engaging in an 
iterative process throughout the duration of the programme leading to disposal 
facility development.

the current safety approach at KAerI relates to performing safety 
assessments of the proposed disposal facility which constitute just one 
component of the safety case. the safety case makes up a broader concept of 
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the collection of arguments (quantitative as well as qualitative), which contribute 
towards demonstrating the safety of the disposal facility. KAerI has indicated at 
discussion sessions that the development of a safety case for the disposal facility 
constitutes one of the next steps in the project.

Good practice

 — KAerI has a sensible overall approach to safety assessment that includes 
the key steps recognized internationally.

 — many approaches from other countries have been taken into account. 
systematic methods are used even though there is no regulatory guidance 
for the work.

 — the approach is ‘open minded’ and the level of scientific work is good. It 
forms a good basis and provides tools for commencing the development of 
safety case methodology.

 — KAerI is planning the development of a safety case which, it is planned, 
will be developed in a broader and more comprehensive way than that of 
the safety assessment reported to date.

recommendations

 — the safety case consists of the integration of the relevant arguments which 
support the long term safety of the disposal facility. hence the traceability 
and transparency of the safety case as a whole is important, i.e. the 
selection of the scenarios and data has to be evaluated and justified in order 
to achieve confidence.

 — the overall content and plans for the safety case should be developed: 
timetable, essential elements to be included in the safety case and the 
relationships between them, input data, etc.

 — the safety case should include topics such as system robustness and 
defence in depth.

 — A safety function concept should be developed and used to link the 
objectives of the disposal system to the design of the facility. In addition, 
the project should rely more explicitly on multiple safety functions.

 — the safety assessment needs to be applied iteratively as the disposal 
programme develops and should be used to help to guide the development 
of disposal concepts. this would help to define and better identify those 
essential topics, issues and components that require more understanding, 
the compilation of additional studies and development and would contribute 
towards the identification of the various uncertainties involved and the 
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elaboration of a strategy to manage them (additional r&D, sensitivity 
analyses, etc.).

 — An understanding of system behaviour at different periods of time should 
be presented. Information should be provided on the realistic and likely 
performance of the disposal facility using realistic model assumptions and 
data also taking into account the evolution of the disposal facility and site.

7.3. fePs AnD scenArIos

scenarios have been identified by considering KAerI’s feP list, which has 
been compiled over several years from international as well as fePs specific to 
the republic of Korea. the KAerI feP list has been adapted to the situation in 
the country and the importance of the fePs assessed. on the basis of the screened 
feP list, and considering the situation in the republic of Korea specifically, 
several scenarios have been identified for the purposes of safety assessment by 
constructing process influence diagrams (PIDs) and rock engineering system 
(res) matrices.

KAerI has developed and considered a wide range of scenarios which 
have been categorized into ‘main scenarios’ and ‘what if scenarios’ as follows:

 ● main scenarios
 — the reference scenario (the normal scenario) which includes water 
abstraction and use from wells and rivers as well as the use of marine 
water;

 — An initial defects scenario in which some of the waste containers are 
assumed to have manufacturing defects;

 — An earthquake scenario;
 — A scenario in which an ‘abnormal’ water well is assumed to be drilled 
close to the repository into an aquifer next to the disposed of metallic 
wastes (this scenario is considered by KAerI to be a human intrusion 
scenario).

 ● what if scenarios
 — A long term climate change scenario.

As indicated in geological Disposal facilities for radioactive waste (IAeA 
safety standards series no. ssg-14 [4]), the safety case for the period following 
closure should address scenarios referring to the more likely evolution of the 
geological disposal facility and its regional setting over very long time periods 
(e.g. a time period comparable to that over which the waste remains hazardous) 
and less likely events that might affect the performance of the facility. In order 
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for geological disposal facilities to meet the requirements, it is necessary that the 
safety case and supporting assessments:

 — Present evidence that the key features, events and processes that might 
significantly affect the geological disposal system are understood to such 
an extent that scenarios for possible evolutions are properly generated;

 — Provide estimates of the performance of the geological disposal system 
regarding compliance with all the relevant safety requirements;

 — Identify and present an analysis of the associated uncertainties.

Good practice

 — the selection of fePs seems to be quite comprehensive and a stylized 
database is used. external expert opinions have been collected in order to 
select the most important fePs.

 — several scenarios have been formulated and they capture all the relevant 
events relating to the case in the republic of Korea.

 — the screening of radionuclides is conducted in a comprehensive manner 
and provides for the capture of the most important nuclides for assessment.

recommendations

 — the selection of scenarios and the selection and screening of fePs must be 
documented in order to enhance traceability and transparency. In addition, 
in view of the development of a safety case, particular attention must be 
devoted to the approach adopted in order to describe the scenarios identified 
through the feP screening process.

 — the formulation of scenarios should take into account the safety functions 
of the main barriers of the disposal facility and uncertainties in the fePs 
that may affect the disposal system (i.e. the disposal facility and the surface 
environment) from the time the waste is emplaced and into the future.

 — the number of scenarios is broadly appropriate, but the reasons for the 
current classification of the scenarios into main scenarios and what if 
scenarios should be better explained and documented.

 — further scenarios might be identified and used to consider alternative 
or refined engineered barrier system designs, and to demonstrate the 
robustness of the disposal system by exploring the consequences of barrier 
failure. the possible need for scenarios that include glacial effects, surface 
erosion, land uplift, etc., should be considered.

 — scenarios involving human intrusion need to be better defined. the 
abnormal water well scenario cannot be considered strictly as a human 
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intrusion scenario as generally considered internationally. the well 
(borehole) does not intersect the waste.

 — the review team considers that clearer links should be established between 
the scenarios and the key physical processes that have the potential to 
significantly affect the safety functions of the disposal system components. 
for example, scenarios that include failure of the copper canister should 
be more clearly linked to the processes (such as those that KAerI has 
studied in its supporting research), and should include both mechanical and 
chemical/corrosion effects.

 — the current safety assessment uses data from the Kurt site, but the 
assessment is applied to a conceptual, generic disposal site located by the 
coast. the specificities that could arise from siting a disposal facility by the 
coast should be further considered. As an example, it would be sensible to 
consider the possible influences of the ingress of saline marine waters into 
the disposal facility.

 — gas transport and pathways should be considered.

7.4. moDels AnD DAtA

KAerI has developed and applied a wide range of models to support its 
safety assessments.

the description of the source term model considers different assumptions 
made for the modelling approach. the assumptions relate to the timing and rate 
of waste canister failure, but also relate to the rate of waste form dissolution.

KAerI has developed several alternative conceptual models of the 
source term, including some that feature a more explicit representation of waste 
dissolution.

the description of the near field models focuses on the model implemented 
in goldsim and also considers the various supporting studies and modelling that 
KAerI has performed as part of its research programme. KAerI has assumed 
that a canister that is in contact with groundwater could be affected by any of 
the following near field transport models, or their combination: upward flowing; 
downward flowing; and stagnant (not flowing) groundwater.

KAerI’s approach to modelling the far field involves using goldsim 
for simulating radionuclide transport through fractures in the rock and matrix 
diffusion using a single pipe model to represent real fractures connected with 
each other in the fractured rock. for the metallic waste facility, KAerI uses a 
bundle of single fractures to represent faster flow through wider fractures. this 
is an appropriate and fairly standard approach, but has to be supported by more 
explanation and justification of the assumptions.
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KAerI’s approach for modelling the biosphere considers the use of a 
compartment type model with equilibrium radionuclide transfers between 
compartments representing entities in the biosphere. the model considers 
potentially exposed groups comprising farmers and freshwater and marine water 
fishermen, and includes exposure from the ingestion of contaminated water (from 
a well or river) and food and by external irradiation. this is considered to be an 
appropriate and fairly standard approach.

Good practice

 — overall, KAerI has a strong modelling capability, particularly for 
radionuclide transport.

 — Data used for the near field (e.g. buffer) have been gathered from the 
literature which has been reviewed and published. In addition, in situ 
testing is ongoing at Kurt which will provide new data for modelling.

recommendations

General

 — In view of the development of a safety case, in a general manner, the 
review team considers that KAerI’s way of using the data should be better 
justified.

 — In addition, the presentation of the models should be clear (pictures of the 
conceptual models are easier to communicate than figures from a particular 
programme), and the data used in the models need to be fully documented 
and quality assured.

Source term

 — more details should be provided on the properties of the wastes and on the 
approaches taken to modelling the source term, i.e. assumptions relating to 
the waste form and radionuclide release.

 — sensitivity analyses should be used to investigate alternative assumptions 
about the release of radionuclides from the wastes and the content of 
contamination.

Near field

 — In order to understand the near field system, the actual/relevant processes 
(e.g. corrosion, water chemistry and speciation, bentonite re-saturation 
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and swelling) have to be modelled and additional experiments need to be 
considered in case of a lack of data. the experiments conducted should be 
representative of conditions in the republic of Korea. In the case of using 
data from the literature, the suitability of the data should be evaluated.

 — more emphasis should be devoted to modelling the evolution of the disposal 
system and particularly of the engineered barrier system to demonstrate that 
the barriers will work together as a system to contain the wastes and retard 
radionuclide transport over time.

 — the values for eDZ have been taken from the literature. the relevant eDZ 
values for the case in the republic of Korea need to be evaluated.

 — the generation of hydrogen gas and its effects on waste dissolution, barrier 
functionality and transportation has to be taken into account.

Far field

 — fracture filling materials should be taken into account in radionuclide 
transport calculations (i.e. possible retardation).

Biosphere

 — the evolution of the surface environment has to be taken into account as it 
could affect, for example, the location of discharge points.

7.5. treAtment of uncertAIntIes, sensItIvIty

KAerI is currently considering various approaches to the identification 
and treatment of uncertainties with regard to safety assessment. In addition to the 
safety assessment calculations performed, KAerI has undertaken a probabilistic 
assessment which considers a wider range of scenarios, and has conducted 
various probabilistic parameter sensitivity analyses.

the KAerI approach addresses uncertainties in several ways:

 — scenarios are used to represent uncertainty arising from significantly 
different potential system behaviours (e.g. associated with external events 
and processes).

 — Probabilistic calculations have been used to assess the effects of uncertainty 
in the values of certain parameters identified by expert judgement.
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recommendations

 — A systematic methodology for identifying and dealing with uncertainties 
should be formulated (uncertainties in the data, conceptual models, etc.).

 — the treatment of uncertainties should be documented.
 — further sensitivity and uncertainty analyses should be conducted which 
consider the disposal system as a whole (including the source term as well 
as the near field, far field and biosphere) in order to assess the importance 
of a wider range of parameters and processes. sensitivity analysis could be 
developed as a tool for understanding the role and relative importance of 
the various barriers and processes.

7.6. feeDbAcK for r&D AnD DesIgn

 — KAerI’s safety assessment process includes recognition of the need for 
iterative improvement throughout the duration of the disposal facility 
development programme. however, KAerI does not provide much 
information or detail on this aspect of feedback.

recommendations

 — the results of the uncertainty and sensitivity analyses conducted for the 
disposal system should be used to help in prioritizing future work in the 
forward programme of r&D.

 — An assessment of the system and its evolution will show whether and for 
how long safety functions are being fulfilled. feedback will be provided 
for design development with regard to possible changes, which will lead to 
the redesigning of the barrier in order to improve performance in terms of 
fulfilling its various safety functions. this could lead, in turn, to changes in 
design requirements; this should be an iterative process.

 — As the disposal programme progresses, increasingly more realistic (less 
conservative) safety assessments should be made so as to provide better 
guidance on the disposal concepts and engineered barriers that are required.

 — more emphasis should be placed on evaluating the evolution of the disposal 
system and the interactions between the various components of the system.
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7.7. IntegrAtIon

KAerI’s disposal programme in the coming years will focus on developing 
a safety case that will serve to better integrate the wide range of research and 
assessment studies which have been conducted (i.e. including ebs data as well 
as site data from Kurt). Key aspects of safety case development relate to the 
integration of knowledge of different types and from various sources.

recommendations

 — the safety assessment and the safety case being developed should be used 
to strengthen the integration of information from the different disciplines 
and work teams involved (e.g. the teams involved in safety assessment, 
disposal system design, research and pyro-processing).

 — more studies are needed to calculate risks from a combination of scenarios in 
order to comply with safety criteria in the republic of Korea, which require 
the assessment of risk. International experience should be considered in 
developing the approach, for example the integration of several types of 
waste, or spent fuel and pyro-processed wastes in terms of the development 
of the disposal facility. the implication is that the design of the disposal 
facility and both the safety case and safety assessment ought to include a 
full range of wastes, including all the waste streams from pyro-processing 
that would be subject to geological disposal (e.g. I and tc filter wastes).

 — the programme will need to consider waste acceptance criteria and how 
they might be developed from the safety case.
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Appendix I  
 

terMs of referenCe of tHe Peer reVIew of 
tHe deeP GeoLoGICAL dIsPosAL ConCePt 

In tHe rePUBLIC of KoreA

subJect of the mIssIon

An international peer review of the programme in the republic of Korea for 
the deep geological disposal of high level waste (hlw) from pyro-processing.

obJectIve of the mIssIon

to assess, on the basis of the IAeA safety standards, the feasibility of the 
KAerI approach for developing a geological disposal system for hlw from the 
pyro-processing of spent nuclear fuel (snf) and to summarize the findings in the 
wAtrP review report.

bAcKgrounD

KAerI has been studying processes suitable for reducing the volume 
of spent fuel to be disposed that is generated by pressurized water reactors, 
including recycling and the reuse of valuable fissile material. one of the 
promising technologies under investigation at KAerI is the pyro-processing of 
snf, followed by the geological disposal of the hlw generated.

Pyro-processing is a technology under development; it has not yet been 
demonstrated at the commercial scale; the government of the republic of 
Korea is in the process of addressing the technical feasibility of the fuel cycle 
with pyro-processing. thus, the government would like the potential geological 
disposal system for hlw from pyro-processing to be independently reviewed.

scoPe of the mIssIon

the feasibility of the KAerI approach is to be reviewed by independent 
experts and advice on the continuation of future r&D provided as indicated:
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 — Assessment of the overall KAerI approach for the development of a 
geological disposal system;

 — Assessment of the technical feasibility of the proposed geological disposal 
system (geology and engineered barrier system);

 — Advice on the methodology of developing the safety case and the supporting 
safety assessment for the geological disposal system;

 — recommendations for further studies.

In conducting the peer review, consideration will be given to the following:

 — the national hlw disposal programme;
 — the nature of the radioactive waste (source term) to be disposed of, 
including inventory, radionuclide content, physicochemical characteristics, 
heat generation, etc.;

 — the methodological approach to siting and the technical and technological 
basis for the selection and characterization of the site;

 — the relevance and completeness of site characterization studies and their 
appropriateness for site selection;

 — Design concept and selection of engineered barrier materials;
 — the alignment of the design basis and derived requirements and procedures 
with safety standards;

 — Proven scientific and systems engineering practice;
 — the quality management system and its implementation.

counterPArt teAm

the counterpart team will be headed by Jongwon choi of KAerI.
the team itself will consist of members of KAerI staff involved in snf 

pyro-processing and the development of deep geological repositories.
In addition, representatives of the regulatory body and other state 

institutions will be invited to join the meeting.

revIew teAm

the Peer review team will consist of four senior international experts 
familiar with the geological disposal of high level radioactive waste and two 
IAeA staff members (technology and safety).
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bAcKgrounD AnD suPPortIng mAterIAl

KAerI has developed a set of documents describing the geological disposal 
system in three areas (see Annexes I and II to Appendix I):

(a) the geology of the disposal site

even though the site for a geological repository has not yet been selected, 
KAerI is carrying out investigation work in an underground research tunnel 
(Kurt — the KAerI underground research tunnel). several 500 m deep 
boreholes have been drilled in order to sample the host rock. these data have 
been used for outlining the generic design and safety assessment of the facility. 
specifically for the purposes of this peer review, KAerI has designed a 
hypothetical repository at the Kurt site. the documentation summarizes the 
geological and hydrogeological properties of the research site.

(b) the repository system

the major specific of the geological disposal system in the republic of 
Korea is the waste to be disposed of. by introducing pyro-processing, the volume 
(or mass) of hlw can be reduced significantly. however, the performance of this 
waste form needs to be thoroughly assessed. the documentation includes details 
on the characteristics of the disposal canisters, buffer blocks and disposal tunnels 
(together with an assessment of performance under host rock conditions). the 
goal of such studies was to select an adequate and efficient engineered barrier 
system.

(c) safety assessment

the results of the long term safety assessment following closure are 
outlined in the third part. scenarios and mathematical models have been briefly 
introduced and the input data employed listed. the final results have been 
compared with standards in the republic of Korea.

supporting materials will include legislations, regulations and 
governmental decisions relevant to the disposal of hlw from pyro-processing.

mIssIon mIlestones

the following time schedule for mission preparation and performance is 
proposed:
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 — 23 september 2011: official request for the peer review arrives at the 
IAeA (to the Deputy Director general, head of the Department of nuclear 
energy) from KAerI through the Permanent mission of the republic of 
Korea).

 — 31 october 2011: final version of the terms of reference approved at the 
technical level (KAerI and the IAeA).

 — 30 november 2011: selection of experts (IAeA in consultation with 
KAerI).

 — 9 December 2011: background and supporting material delivered to the 
IAeA (KAerI).

 — 31 January 2012: Questionnaire/comments from the expert team delivered 
to KAerI (IAeA).

 — 29 march 2012: sending brief reactions to the questionnaire issues/
comments to the IAeA (KAerI).

 — 23–27 April 2012: Peer review meeting in Daejon (KAerI and IAeA).
 — 25 may 2012: Draft peer review report sent by the IAeA to KAerI for 
factual revision (IAeA).

 — 15 June 2012: comments on the draft report forwarded by KAerI to the 
IAeA (KAerI).

 — 13 July 2012: final peer review report forwarded by the IAeA to KAerI.
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Annex I 
 

Content of tHe KAerI doCUMent 
Presented to tHe wAtrP teAM

I. Introduction
II. geology (Kurt site)
 II.1. characteristics of geological medium (Kurt)
  II.1.1.  topography
  II.1.2.  geological feature
 II.2. groundwater hydraulics
  II.2.1.  conceptual model
  II.2.2.  hydraulic properties
 II.3.  groundwater geochemistry
  II.3.1. granitic rock
  II.3.2. mineral
  II.3.3. buffer solution
  II.3.4. groundwater evolution
III. repository system
 III.1.  Design bases
 III.2.  ceramic wastes: hlw
  III.2.1. wastes and source terms
  III.2.2. canister
  III.2.3. buffer
 III.3.  metal wastes: Ilw
  III.3.1. wastes and source terms
  III.3.2. canister
  III.3.3. buffer
 III.4.  layout and depth
 III.5.  general architecture and process
Iv. safety analysis
 Iv.1.  safety principle
 Iv.2.  scenario
 Iv.3.  model 
  Iv.3.1. source terms
  Iv.3.2. engineered barrier system
  Iv.3.3. geosphere model
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D. bennett, Director, terrasalus limited, has over 20 years of experience 
in providing strategic and technical consultancy advice on radioactive waste 
management and its regulation. he has a PhD in geochemistry and water–
rock interaction, is a fellow of the geological society, and has contributed to 
over one hundred published papers and reports in the area of radioactive waste 
disposal. mr bennett has many years of experience in contributing to national 
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mr bennett’s expertise includes undertaking and managing complex 
projects related to radioactive waste disposal facility authorization and 
licensing, risk and safety assessment, safety cases, engineered barrier systems, 
waste immobilization, geochemistry and radionuclide behaviour. his research 
experience includes developing and applying various models for the chemistry 
and transport of radionuclides in radioactive waste disposal systems.

In the united Kingdom, mr bennett has worked on behalf of several 
government Departments, the regulators and various industry clients involved 
with near surface and geological radioactive waste disposal. he has contributed 
to radioactive waste management programmes in several other countries 
(e.g. sweden), and also to international programmes run by the european 
commission, the IAeA and the oecD nuclear energy Agency (oecD/neA). 
for example, from 2003 to 2007 he was involved in all aspects of the joint 
european commission/oecD nuclear energy Agency engineered barrier 
system Project for geological disposal.

Hans forsstrÖM (sweden)

h. forsström is senior Adviser at sKb International, the wholly owned 
subsidiary of the swedish nuclear fuel and waste management company 
(sKb), which provides international services based on the know-how, expertise, 
laboratories and facilities developed and operated in sKb’s programme.

he has a master of science in applied physics from the chalmers university 
of technology in gothenburg, sweden.

he started his career as a reactor physicist in 1972 for the ringhals 1 bwr. 
he then turned to the field of radioactive waste management. In 1979, he joined 
sKb where he has held several different positions in the area of research and 
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development for waste management and disposal. During his last few years at 
sKb, he was technical Director with responsibility for the development and 
operation of the swedish waste management systems and facilities.

from 1998 to April 2005, mr forsström worked at the european 
commission as head of the unit for nuclear fission and radiation Protection in 
Dg research, where he was responsible for the implementation of the euratom 
framework programme for research and training activities on nuclear fission and 
radiation protection.

mr forsström joined the IAeA in April 2005 and, until June 2010, was 
Director of the Division of nuclear fuel cycle and waste technology in the 
Department of nuclear energy.

wolfgang KICKMAIer (switzerland)

w. Kickmaier has almost two decades of experience in radioactive waste 
management. he has worked for nagra, the swiss national waste disposal 
organization, where he managed the grimsel test site, and was also Deputy head 
of the International services and Projects Division. his responsibilities included:

 — Planning of the research programme, grimsel test site Phase v/vI, 
1997–2013.

 — managing in situ experiments at the url, focusing on large to full scale 
engineered barrier system demonstration experiments for hlw and Ilw.

 — Planning, coordination and implementation of international research 
projects.

 — chairing the technical Advisory committees for grimsel experiments.
 — During this time he was appointed swiss representative to the IAeA 
network of centres of excellence in training and Demonstration in 
underground research facilities. he was also a member of the board of 
the Itc (International school of underground waste storage and Disposal), 
which ran many IAeA supported courses for international participants.

following his time at nagra, he was head of research at the university of 
Applied sciences in switzerland for four years. he is currently a senior consultant 
at mcm consulting in switzerland. he coordinates waste management projects, 
providing strategic and technical advice to numerous national waste management 
programmes. recently, he has been directly engaged in an mcm team developing 
a radioactive waste management strategy for the united Arab emirates, where a 
major new nuclear power programme is being initiated.
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mr Kickmaier has a bachelor of science in geology from the university 
of münster in germany and a PhD in geology from the university of berne in 
switzerland.

Marjut VÄHÄnen (finland)

m. vähänen is the research manager at Posiva oy. she has over ten years 
of experience with rtD on nuclear waste disposal, especially in near field issues 
such as canister and buffer performance.

ms vähänen holds a master of science in engineering physics (1999) and 
also gained a licentiate in technology (2006) at the same university.

her professional career commenced at tampere university of technology 
in 1999, where she worked as a post-graduate student researching the dry 
corrosion of copper and copper based materials. After joining Posiva in 2003, 
she was in charge of canister corrosion studies and later became the unit’s 
research manager responsible for long term safety studies of geological disposal 
in general. currently, she is in charge of research related to the long term safety 
and performance assessment of Posiva’s planned repository for spent nuclear fuel 
at olkiluoto.

Gerard BrUno (IAeA)

g. bruno has been working in the field of radioactive waste disposal for 
more than 15 years. After gaining his PhD in geology, he joined the french 
Institute for radiological Protection and nuclear safety, Irsn, the technical 
safety organization which supports the french nuclear safety Authority (Asn), 
where he worked mainly on a review of feasibility studies for the deep geological 
disposal of hlw in argillaceous formations.

In 2006, he was seconded to the Directorate general for transport and 
energy at the european commission and joined the IAeA as a waste safety 
specialist in 2009. since August 2010, he has been the head of the radioactive 
waste and spent fuel management unit at the IAeA. the main activities of the 
unit consist of the development of safety standards on the predisposal and disposal 
of radioactive waste as well as their application through assistance missions, peer 
reviews and the organization of international harmonization projects.

Lumir nACHMILner (IAeA)

l. nachmilner has 36 years of experience in research and development, 
safety studies, planning, budgeting, strategic studies, and managing projects in 
the processing of radioactive waste and its disposal in near surface and geological 
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repositories. After graduation from the Institute of chemical technology, Prague, 
he started his career at the Nuclear Research Institute, Řež. He completed his 
PhD studies there in the area of waste acceptance for disposal and reached the 
position of Director of the fuel cycle chemistry Division.

between 1997 and 2003, he managed the czech project on geological 
repository development at rAwrA (the national waste management agency). 
from 2003 until his retirement in 2012, he worked in the waste technology 
section of the Division of nuclear fuel cycle and waste technology at the 
IAeA, his final position being that of Disposal team leader. 
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Report of an IAEA International Review Team

@

An International Peer Review 
of the Programme for the 
Deep Geological Disposal of 
High Level Radioactive Waste 
from Pyro-Processing in the 
Republic of Korea

The development of pyro-processing technology is ongoing and has 
not yet been demonstrated at the commercial level. Consequently, 
the Government of the Republic of Korea requested an assessment 
of the technical feasibility of this technology. The assessment 
was also to include the appraisal of a disposal solution for waste 
generated by pyro-processing. With regard to the latter, the IAEA 
was requested by the Government of the Republic of Korea to 
review the status of the disposal project within the IAEA’s Waste 
Management Assessment and Technical Review Programme. This 
report presents the consensus view of the international group of 
experts convened by the IAEA to carry out the review.
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