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ABSTRACT 
 

A scientific visit on Crystalline Rock Repository Development was held in the Czech Republic 
on September 24-27, 2012. The visit was hosted by the Czech Radioactive Waste Repository 
Authority (RAWRA), co-hosted by Sandia National Laboratories (SNL), and supported by the 
International Atomic Energy Agency (IAEA). The purpose of the visit was to promote technical 
information exchange between participants from countries engaged in the investigation and 
exploration of crystalline rock for the eventual construction of nuclear waste repositories. The 
visit was designed especially for participants of countries that have recently commenced (or re-
commenced) national repository programmes in crystalline host rock formations. Discussion 
topics included repository programme development, site screening and selection, site 
characterization, disposal concepts in crystalline host rock, regulatory frameworks, and safety 
assessment methodology. Interest was surveyed in establishing a “club,” the mission of which 
would be to identify and address the various technical challenges that confront the disposal of 
radioactive waste in crystalline rock environments. The idea of a second scientific visit to be held 
one year later in another host country received popular support. The visit concluded with a trip to 
the countryside south of Prague where participants were treated to a tour of the laboratory and 
underground facilities of the Josef Regional Underground Research Centre. 
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PROCEEDINGS OF THE SCIENTIFIC VISIT ON 

CRYSTALLINE ROCK REPOSITORY DEVELOPMENT 
 
1.0 OVERVIEW 
 

A scientific visit on Crystalline Rock Repository Development was held in the Czech Republic 
on September 24-27, 2012. The visit was hosted by the Czech Radioactive Waste Repository 
Authority (RAWRA), co-hosted by Sandia National Laboratories (SNL), and supported by the 
International Atomic Energy Agency (IAEA). The purpose of the visit was to promote technical 
information exchange between participants from countries engaged in the investigation and 
exploration of crystalline rock for the eventual construction of nuclear waste repositories. The 
visit was designed especially for participants of countries that have recently commenced (or re-
commenced) national repository programmes in crystalline host rock formations. Discussion 
topics included repository programme development, site screening and selection, site 
characterization, disposal concepts in crystalline host rock, regulatory frameworks, and safety 
assessment methodology. The visit concluded with a trip to the countryside south of Prague 
where participants were treated to a tour of the laboratory and underground facilities of the Josef 
Regional Underground Research Centre. 
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2.0 PARTICIPANTS 
 

Invitations to participate in the exchange were sent to individuals in approximately 30 different 
countries. The IAEA extended invitations to each member of the Underground Research 
Facilities Network (URF), and RAWRA and SNL extended additional invitations to many 
others. In addition to the acting managing director of RAWRA, 45 participants from 13 countries 
attended. The countries represented were 

 
 Czech Republic 
 Germany 
 Korea 
 Lithuania  
 Mexico 

 

 Pakistan 
 Poland 
 Romania  
 Slovakia 

 Spain 
 Switzerland 
 United Kingdom 
 United States of 

America 

 
A full list of participants and their contact information is included in Appendix A. 
 

 
 
Group photograph on Day 1. Left to right: Hardin, Sorescu, Vokál, Slovák, Pueschel, Kim, 
Královcová, Šembera, Koh, Kováčik, Orrell, Mikšová, Sirvydas, Freeze, Swift, Mariner, Dogaru, 
Hasnain Shah, Whittleston, Banach, Vomvoris, Woller, Steininger, Vencl, Prachař 
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3.0 PRESENTATIONS 

The meeting was conducted in the form of a scientific visit. The schedule for the first three days 
consisted of the presentation of status reports from the participants of the various countries 
represented, technical presentations given by experts in the field, topical group discussion 
sessions, and the planning of potential future collaboration. The full agenda is located in 
Appendix B, and the presentation slides are provided in Appendix C in the order listed in the 
agenda.  

In the text that follows, the presentations are summarized at a high level to indicate the topics 
discussed and some of the important points made. Details of the presentations can be found in 
the presentation slides (Appendix C). In some cases, notable discussions spawning from the 
presentations are included in the summaries.  

3.1 Welcome 

The meeting began with a warm welcome by the host country. Jan Prachař, the Acting Managing 
Director of RAWRA, and Jiri Slovák, the Head of the Geological Repository Development 
Department at RAWRA, welcomed all participants, thanked all for attending, expressed hopes 
for the exchange, and thanked SNL and IAEA for their help in facilitating the event (Appendix 
C, pp C-1 and C2). Andrew Orrell, the Director of Nuclear Energy and Fuel Cycle Programs at 
SNL, also expressed his gratitude for all who made the event possible and then elaborated on the 
goals of the exchange. Each participant then introduced himself/herself in turn around the room. 
(Page C-2) 

3.2 Status Reports 

The first day focused primarily on status reports, beginning with the host country, the Czech 
Republic. The agenda in Appendix B shows the order of the presentations. The status report for 
Spain was presented on the second day due to a scheduling conflict. Here, the reports are briefly 
summarized in alphabetical order. The associated slides, which have much more detail, are 
provided in Appendix C. 

3.2.1 Czech Republic 

Presenter: J. Slovák, RAWRA 

Mr. Slovak reviewed proposed SNF management facilities in the Czech Republic, including 1) 
an underground centralized interim storage for spent fuel; 2) an underground research laboratory 
(URL) to be constructed near a uranium mine at Bukov site; and 3) site characterization activities 
for which planning and negotiations are underway. The Czech disposal mission requires 
disposition of approximately 9,000 MT of spent nuclear fuel (SNF) from six existing and two 
new reactors. CASTOR storage systems will be used extensively, then the SNF could be 
disposed in as many as 6,000 waste packages. 

In response to questions Mr. Slovak said that payments to localities were planned, on the order of 
3 CZK per 10 square meters to be surveyed for potentially favorable siting conditions. Further 
payments are anticipated as siting and characterization advance. In the ensuing discussion, this 
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situation was contrasted with other national programmes that made or offered payments, without 
necessarily ensuring progress in achieving siting objectives. 

The URL plan was briefly discussed, recognizing that movement of natural radionuclides can be 
observed in such settings and is an important analogue to repository performance. There was 
strong interest among participants in potential technical collaboration at this URL. 

3.2.2 Germany 

Presenter: W. Steininger, Karlsruhe Institute of Technology (KIT) 

In response to the 2011 Fukushima incident, 8 NPP went off-line and the Federal Government 
decided that nuclear is to be phased out by 2022. Presently, Germany has 8 nuclear power plants 
and 9 reactors operational. The Government´s decision is accompanied by a change in the 
German energy policy, i.e. energy supply mostly by renewables (mainly wind and solar), in the 
transition time by natural gas and fossil power plants. New laws will govern the technical-economic 
challenges connected (e.g. baseload supply, grid extension, increasing prices, supply security, etc.). 

There will be new laws and regulations to govern future high-level radioactive waste (HLW) and 
SNF disposal in Germany. Within this legal frame it is intended to start a new site selection 
process. These activities might have impact on the further exploration of the Gorleben site, 
which is well advanced.  

An important task to be done in the next years is implementing EC´s Radioactive waste and 
spent fuel management Directive” into national legislature. 

Closure licensing for the Morsleben facility (LLW/MAW) is expected to be fully underway by 
2014.  

The construction of the KONRAD repository (a deep geological repository for non-heat-
generating waste) at the former Konrad iron mine is underway, and disposal operations are 
expected to begin in 2019.  

After the expiration of the 10yrs- moratorium in 2010, site exploration was on-going till the end 
of 2012. The Gorleben exploration process is now at rest.  

A so-called Preliminary Safety Analysis of the Gorleben Site is being performed. The reference 
concept used for disposal of SNF in a deep geological repository in domal rock salt (like 
Gorleben) is in-drift disposal in Pollux casks, and borehole disposal of HLW. A backup concept 
is disposal of both of SNF and HLW in vertical boreholes (the BSK-3 concept). The issue of 
retrievability is considered as very important. Therefore it is explicitly addressed in the safety 
requirements of the Ministry of the Environment and was one of the prerequisites in the PSA 
when formulating the repository concepts.  

Considering RD&D activities, Germany continues to look – in addition to rock salt - at other 
host rocks (clay and crystalline) to acquire knowledge and expertise in order to make 
scientifically based judgements on these host rock formations. Moreover, scientists from 
Germany collaborate internationally on many fronts, in several projects with European and non-
European partners and in groups like OECD/NEAs Salt Club and Clay Club and the EC 
“Implementing Geological Disposal of Radioactive Waste – Technology Platform.” 
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Mr. Steininger suggested a recent book entitled “Managing Sensitive Projects” by D’Herbemont 
and Cesar (translated by Curtin and Etcheber) as basic literature helping to in managing WM 
projects. 
 

3.2.3 Korea 

Presenter: Y.K. Koh, KAERI 

Korea has 21 nuclear power plants in operation producing 30% of the total electricity in 2011. 
This percentage is expected to double by 2030. The impact of the Fukushima situation is not as 
strong as in some other countries because the Republic of Korea has few other energy options. 
Seven plants are currently under construction and four are in the planning stages. Storage of 
PWR spent nuclear fuel (SNF) and CANDU SNF is a major undertaking with CANDU SNF 
stored in concrete silos. Construction of a final repository for LILW has been delayed to 2014.  

Future policy will be decided through public participation. The long-term plan is to start disposal 
of CANDU SNF by 2050 and PWR SNF by 2070. For LILW disposal, the Gyeong-Ju site was 
chosen. The disposal method is underground silos, and major tunnels have already been 
excavated. R&D includes consideration of an advanced nuclear fuel cycle with pyro-processing 
for recycling of reactor fuel. Experiments to evaluate geologic disposal options are being 
conducted in the laboratory and in situ at the KURT (this URL is discussed in another 
presentation). 

3.2.4 Lithuania 

Presenter: A. Sirvydas 

Lithuania has one nuclear power plant (Ingalina, an RBMK design) that at one time supplied 
about 70% of all electricity in the country. Its two reactors, however, have been shut down as a 
condition of Lithuania’s entry in the European Union, and the waste to be disposed includes 
various amounts of low level and short-lived waste, 6500 m3 of low and intermediate level long-
lived solid waste, 40000 spent sealed sources, 22000 spent nuclear fuel assemblies (about 2500 
tons of uranium). Predisposal management of solid and liquid radioactive wastes is underway.  
 
LLW, ILW and HLW from decontamination and decommissioning (D&D) of the INPP will be 
stored at the Solid Waste Management and Storage Facility (which is under construction now). 
LLW will be encapsulated in cement, while oils and organics will be incinerated.  
 
The earlier Maisiagala facility for institutional waste disposal was closed in 1989, however, later 
it was licensed as a facility for storage not for disposal. A facility for disposal of very-low-level 
waste has been developed based on the concept proposed by Sutdsvik Radwaste AB (Sweden). 
The availability of a repository for low and intermediate level short-lived waste is planned for 
~2018. 

SNF is currently stored in “open air storage” which is full. The remaining SNF will be stored in a 
newly built Interim spent nuclear fuel storage facility (operation foreseen in ~2014). All SNF 
containers will be stored for about 50 years while a final management concept is developed. The 
Lithuanian Geologic Survey is working on siting a geologic repository, with assistance from 
Swedish consultants, in crystalline and clay geological formations. The reference concept is 
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based on the Swedish concept (KBS-3) developed by SKB. Another possible option is disposal 
in an EU established regional repository. Siting for a national repository may start as early as 
2030. 

3.2.5 Mexico 

Representative: R. Vázquez Ponciano 

No status presentation delivered. 

3.2.6 Pakistan 

Presenter: Z. Hasnain Shah 

Pakistan currently operates one CANDU reactor (137 MWe) and two PWRs (600 MWe). Two 
PWRs (340 MWe) are under construction by Chinese contractors, and an additional ~8800 MWe 
is in the planning stages. Pakistan also has two research reactors. Wastes are currently stored at 
sites designated PINSTECH, KANUPP, and C-1/C-2 site. 

Disposal concepts being considered are near-surface and geological, primarily in granite or clay. 
Salt is not currently under consideration because of its economic value. The major challenges for 
Pakistan are unstable political conditions, seismo-tectonic conditions, and public acceptance. The 
siting process is underway and repository concepts are in the planning stages. Thirty-nine 
sites/formations around the country have been evaluated for their potential as disposal sites. 

3.2.7 Poland 

Presenter: M. Banach 

Poland currently stores radioactive wastes from the medical industry, science programmes, and 
other industries at a surface facility at a former Russian military fort. This facility, managed by 
Zakład Unieszkodliwiania Odpadów Promieniotwórczych (ZUOP), is scheduled to be replaced 
with a new surface facility in 2020. ZUOP (under the Ministry of Economy, Department of 
Nuclear Energy) is responsible for technology development, D&D, and all activities for 
managing radioactive waste. These activities are regulated by the National Atomic Energy 
Agency. 

SNF from a decommissioned Russian EWA reactor at various degrees of enrichment (10% to 
80%) from two light-water reactors, currently totaling 4179 assemblies, must also be disposed. In 
addition, future SNF from new nuclear power plants in the planning stages (3,000 MWe) must 
also be disposed. SNF will be disposed in a geologic repository currently planned for operation 
in 2075. Siting is underway and 19 sites in 12 communities have been chosen for geological 
research. Potential host rocks include clay, salt, and crystalline rock. 

3.2.8 Romania 

Presenter: A. Sorescu  

Romania has two 720 MWe CANDU type reactors (in operation since 1996 and 2007) and will 
construct two more CANDU reactors by 2020. In addition, Romania has a TRIGA type research 
reactor and spent fuel from a VVR-S type research reactor that was shut down in 1997. The 
waste management implementing organization is the National Agency (ANDR), while the 
regulating authority is the National Commission for Nuclear Activities Control (CNCAN).  
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Long-lived LILW and SNF are bound for geologic disposal. A deep geologic repository (DGR) 
is needed for 14,500 MT of CANDU fuel (4 reactors operating 50 yr). At least 50 years of dry 
storage is planned. The proposed geologic repository concept is based on the Canadian concept 
for CANDU SNF. The Baita Bihor Repository constructed in an old uranium mine has been in 
operation since 1985 for short-lived LILW (capacity 21,000 drums). A near-surface facility in 
the Cernavoda NPP area is proposed for additional short-lived LILW. The path forward is 
expected to include new regulations in 2012, continued storage and licensing of storage facilities, 
and D&D. The CNCAN is expected to endorse IAEA waste management principles. A new law 
governing waste disposal may be passed in the coming years. 

3.2.9 Slovak Republic 

Presenter: M. Kováčik, EN-GEO Consult 

The Slovak Republic has four reactors and two under construction. Nuclear power accounts for 
50% of electricity. Slovakia began its geologic repository programme in 1996. From 1996 to 
2001, the Slovakian programme accomplished much R&D: modeling of the near field and far 
field, site screening and characterization, assessment of the source term, and development of 
technical designs for sedimentary and crystalline host rocks. Several types of geology have been 
considered: magmatic, carbonate, flysch, molasse, volcanics, and sedimentary.  

Assessments of the advantages and disadvantages of sedimentary and crystalline repositories and 
the prospective areas were studied in depth. Granitic (crystalline) terrain is available close to 
waste sources, and the geology is stable, although the deposits are heterogeneous. Geohydrologic 
data are sparse, especially at depths likely to be appropriate for repository implementation 
(500 m). Argillaceous claystone, siltstone, or other soft sediments are also available. Some of 
these deposits have saturated hydraulic conductivity of 3E-11 m/sec or lower, which is promising 
for waste disposal application. Landslides are observed at the surface indicating the soft 
character of these sediments, and chemical conditions in situ are likely to be reducing. 

Since 2001, however, little progress has been made. A decisive factor is public acceptance. For 
further progress, the repository programme must be restarted. Current plans are to commence 
siting activities and complete licensing activities by 2030, followed by construction, and 
repository operation by 2055. Previous schedules with repository operation by 2037 were 
unrealistic. The matter of greatest immediate importance is to decide on the rock type, or 
geologic setting. Slovakia is amenable to an international solution. 

3.2.10 Spain 

Presenter: J. Molinero, Amphos21  

Mr. Molinero described the current focus of ENRESA, a public-private partnership formed for 
waste management and decommissioning. Spain has 10 reactors, 8 of which are operating. There 
are approximately 4,000 MT of SNF in existing pools, and another 2,700 MT will be produced 
(including equivalent HLW from reprocessing). The Trillo, Cabrera, and Asco NPPs have dry 
storage facilities (ISFSIs) existing or under development.  

The priority in Spain has shifted to consolidated storage. The facility (to be called “ATC”) will 
probably be located at the Villar de Canas site, near a decommissioned NPP. Dry storage in 
Spain is being implemented using 21-PWR size canisters. The consolidated storage facility 
(CSF) will include capability for unloading casks, encapsulation (packaging), dry storage, and a 
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research center and business park. The siting process relies on volunteerism by municipalities 
and approval of the local council. 

The reference disposal concept is in-drift horizontal emplacement in a crystalline host medium, 
with a compacted clay buffer and carbon steel disposal overpack. Eight sites have been proposed 
with possible down-selection in 2012 and consultations with regional governments. 
Characterization of these alternative sites is underway. 

3.2.11 Switzerland 

Presenter: S. Vomvoris, Nagra 

The Fukushima situation also impacted policy in Switzerland. The Federal Government has 
proposed to phase out nuclear power by 2034. This will be accomplished by not building any 
new reactors, although license extensions for existing reactors may be allowed. This decision-in-
principle has been approved by the Parliament, and the next step is to start deliberations on the 
new law for nuclear energy (expected in the second half of 2013) as part of an energy policy 
through 2050. The new law is subject to an optional (but with a binding outcome) national 
referendum. Such a referendum would take place about 2 to 3 years after the decision of the 
Parliament.  

The reference concept for disposal of SNF and HLW in Switzerland is in-drift disposal in a clay 
formation, with carbon steel packages resting on compacted bentonite blocks in drifts completely 
backfilled with granular bentonite.  

A new siting process was approved by the Federal Government and enacted in 2008. It consists 
of narrowing down to a set of proposed sites in 3 stages. Each stage ends with the approval by 
the Federal Government (following reviews by the authorities and public consultation) of the 
proposals made by Nagra. Stage 1 of this process (2008-2011) has been completed. Nagra 
identified six regions, each of several hundred square km, for siting two facilities: a repository 
for SNF and HLW, and a facility for geologic disposal of LLW and ILW. These facilities could 
be co-located at the same site, perhaps vertically separated. A total of 202 communities in these 
regions are involved in the participation process for the next step, which will culminate with the 
selection of at least 2 sites for each type of repository. Six regional conferences have been 
established, each one representing the interests of each region and providing their input to the 
selection process. They consider the social, economic and environmental aspects of potential 
sites. The third stage will culminate with a general site license application, following detailed 
investigations of the sites selected at Stage 2. 

This siting process is “owned” by the Federal Government (not Nagra or the utilities). Nagra has 
been studying safety (pre- and post-closure) for postulated facilities in each region.  

3.2.12 United Kingdom 

Presenter: R. Whittleston, Nuclear Decommissioning Authority (NDA) 

The United Kingdom has approximately 11,200 m3 of spent nuclear fuel, 1,400 m3 of HLW, 
364,000 m3 of ILW, and various amounts of LLW, plutonium, and uranium wastes. The 
Radioactive Waste Managing Directorate of the Nuclear Decommissioning Authority (NDA 
RWMD) is the implementing body committed to programme R&D and preparation and planning 
for geologic disposal. The NDA was formed in 2005 as a non-governmental organization for 
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disposition of “civil” nuclear wastes. Funding on the order of 2.8B British pounds, pays to 
maintain and remediate 19 BNFL and UK atomic (AEA) sites. NDA is currently involved in the 
search for volunteer communities.  

The current UK concept involves a facility located anywhere from 200 to 1,000 m depth, 
comprising panels for segregated disposal of different waste types with a multiple barrier 
approach utilising both engineered and natural barriers to provide both isolation and chemical 
containment. Current ILW disposal concepts include its encapsulation within cement in vented 
steel drums, and the current concept for HLW/SNF disposal within hard rock would follow a 
similar approach to the Swedish KBS-3 concept. 

A call for volunteer communities produced interest from several communities within the North 
of England. Should they choose to participate to the next stage of the site selection process (desk 
based studies), they would maintain the right of final withdrawal right up to the point of 
repository construction. Geology in the area comprises hard rock overlain by sedimentary 
succession. Community decisions on whether to participate in the next stage of the process are 
expected in January 2013. Should the process progress, waste emplacement is envisaged in 2040.  

Press in Britain has been largely negative, but the siting process and overall effort for disposition 
of civil nuclear wastes receives wide public support. Recent developments are 1) the government 
proposed to discuss the possible acceleration of the programme with the aim of emplacement by 
2029 and 2) increased research and international collaboration, and larger scale experiments. 

3.2.13 USA 

Presenter: P. Swift, SNL 

The U.S. has 104 operating reactors and 14 that are shut down. The cumulative discharged used 
nuclear fuel is currently around 70,000 MTHM and may double in the next 40 years. With the 
future of the Yucca Mountain license application on hold, the current direction of the repository 
R&D programme in the U.S. is generic disposal. There are several generic disposal R&D 
activities that can be accomplished (e.g., evaluation of alternatives, identify data needs, develop 
science and engineering tools, etc.), as identified in the slides presented. The four options being 
analyzed in depth are three mined repository options (crystalline rocks, clay/shale, and salt) and 
deep borehole disposal in crystalline rock.  

The R&D needs for the disposal programme were identified by evaluation and prioritization of 
R&D opportunities, as documented in “Used Fuel Disposition Campaign Disposal Research and 
Development Roadmap,” completed in 2011 (update in progress). One outcome is renewed 
interest in international collaboration by the U.S. Department of Energy because the U.S. has no 
underground laboratories or site characterization activities that are currently authorized. 

3.2.14 Discussion 

Lead: A. Orrell, SNL 

This discussion was conducted with the objective to produce a summary of approaches used by 
participating countries, and of eliciting a joint statement and identifying potential actions. 

The following summary was presented by the chairs, organized along major topics: 
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 Decision Making – Public involvement is a common aspect. Decisions are usually staged, 
and may be challenging given moratoria and other delays. The authority for site selection 
is important but not always clear in the legal and regulatory framework.  

 Long-Term Project Concerns – We have little experience with long-term projects. 
Volunteerism among participating communities must be sustained. Multiple sites may be 
needed to manage long-term uncertainty in site access. Delays in the implementing 
programme impact staffing and may impact the waste disposal mission itself. Measuring 
and demonstrating progress can be difficult over such long time frames. 

 Role of Interim Storage – Given the repository implementation will take 20 to 60 years, 
all planned programmes involve interim storage. We have not yet worked out how to 
optimize the use and cost of interim storage, within a broader system culminating in 
disposal. For example, storage underground could be part of a longer term project 
resulting in permanent disposal. 

 URL R&D – Uses of generic vs. site-specific data have not been well defined. Whereas 
generic data are readily available through participation in international cooperative URL 
programmes, such data have limited value for decision making. A more formal process 
for international data sharing (e.g., for data acquired nationally, outside of cooperative 
programmes) could extend the availability and use of analogous data. Formats and 
standards for such data could facilitate sharing. 

 R&D Agenda – Examples of systematic approaches for identifying relevant R&D include 
the European Union Framework Program #7 (FP7) research agenda, the U.S. Used Fuel 
Disposition R&D campaign, and various examples of international cooperation. Long-
term knowledge management is an important part of success, for both generic and site-
specific data, for projects that may last 50 years or longer. For crystalline rock the 
importance of scale-dependent discontinuities, means that prediction of performance can 
involve large quantities of data, and the effectiveness of characterization may depend on 
efficient, effective data collection and management. 

 Alternatives to the Copper Waste Package – Whereas alternative waste package materials 
have been proposed for use in crystalline repositories, such as carbon steel, the relative 
cost and performance have not yet been thoroughly investigated. 

 Disposal System Design – Optimization of a disposal system design should also consider 
the impacts of upstream activities in the fuel cycle. Small nuclear power programmes 
(few reactors, limited waste) can optimize storage, transportation, and disposal functions. 
As examples, extended storage could conceivably be used to facilitate disposal in a multi-
national repository. Also, selection of canisters for storage should be done with a view to 
eventual disposal. Disposal concept development information (e.g., engineering, cost, 
etc.) should be shared. Examples include details of horizontal vs. vertical emplacement, 
subsystems for package conveyance and emplacement, and details of public acceptance. 

 Crystalline Club – The OECD/NEA “Clay Club” and the recently formed “Salt Club” 
were founded on a personal basis. A “Crystalline Club” could also extend the 
effectiveness and credibility of repository R&D programmes focused on crystalline host 
rocks. 
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The ensuing discussion of this summary identified other principles that are important to the 
represented countries pursuing geologic disposal in crystalline rock and other media: 

 Security – Physical security of nuclear materials is important in storage, transport, and 
disposal. 

 Generational Equity – The enterprises that generated nuclear wastes, and the stakeholders 
who benefited from the electricity produced, should to the extent possible, pay for waste 
disposal. Extending the time frame for disposal to 100 years or longer virtually 
guarantees that much of the disposal cost is deferred to later generations. Whereas funds 
can be held in escrow, this has not generally been achieved. Thus, waste management 
strategies should account for how every step will be paid for, and by whom. 

 Preclosure vs. Postclosure Risk – Public perception of risk may be skewed or 
exaggerated, but must be acknowledged and addressed by implementing organizations 
and regulators. 

 Shaft vs. Ramp Access – The availability of geology and land access suitable for 
development of alternatives, and the criteria for selection, have not been described in a 
common or systematic way. 

 Cost – Whereas trading of safety against cost is not generally acceptable to the public, it 
must be done at some level so that disposal is affordable. A margin of performance 
against quantitative dose or release standards is needed to defend decisions that lower 
disposal cost. The Swiss programme has developed a context for comparing uncertain 
alternatives (e.g., disposal concepts) with respect to safety, which may be useful to other 
countries. Over the long term, society may neglect waste disposal and its funding, so the 
disposal science community has an immediate obligation to make disposal technically 
possible (and affordable) now. 

 Public Acceptance – One of the greatest challenges to success of a geologic disposal 
strategy is changing attitudes, i.e., how can public acceptance be defined when the 
“public” will not be born for another 50 years? 

The representatives from each country were asked: What is the most important issue currently 
faced by the implementing organization in your country? 

 Romania – The question of what should be included in a “nuclear park?” What type of 
local involvement should be allowed or encouraged? What type of financing is adequate, 
stable, and politically viable? These common concerns were labeled as the “Legislative 
and Regulatory Framework” issue. 

 Slovakia – The country needs any type of active waste management program, i.e., an 
organization with the mandate and resources to take responsibility for nuclear waste. This 
concern is part of the Legislative and Regulatory Framework issue. 

 Korea – Turnover in the legal, regulatory, and political functions. This concern was 
labeled the “Political” issue. 

 United Kingdom – Public acceptance is the most important issue, exacerbated by past 
mistakes and previous lack of disclosure. This concern was labeled the “Public 
Acceptance” issue. 
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 Czech Republic – Public acceptance with the geological exploration of the potential sites, 
transparent decision making process and also optimizing the cost of the disposal system, 
along with expediting disposal, and doing so within a coherent strategy. This concern was 
labeled the “Cost Optimization” issue. 

 Lithuania – Financial support is a critical problem for small programmes. In Lithuania, 
the EU funding for INPP related tasks was insufficient. This concern was labeled the 
“Financial” issue. Acquiring qualified staff with local knowledge is important, as are 
public acceptance and the methodology for site selection. 

 Mexico – Public acceptance is the most important issue, as identified in the “Public 
Acceptance” issue above. 

 United States – Public acceptance is the most important issue, and must include 
acceptance by the technical peer review community as part of the public. 

 Switzerland – Whereas there is no crystalline rock repository programme in Switzerland, 
if any one country fails, the impact is felt everywhere. Programmes in individual 
countries need momentum but not too much, if it drives a programme forward to 
complete or partial failure. 

 Pakistan – The most important concern is physical security of nuclear materials; this 
concern was labeled the “Security” issue. Other concerns include public acceptance and 
finance. 

 Poland – The important concerns include public acceptance, legislative/regulatory 
framework, and finance. 

 Germany – Communication to the public is an important concern, given the large 
numbers of stakeholders and the influence of minority, activist groups. This concern was 
labeled as the “Communication to the Public” issue, and is a condition for public 
acceptance. 

Finally, the group identified an issue common to all programmes, the question of defining how 
good is good enough? Thus, in the description of a disposal plan that includes safety, 
engineering, cost, schedule, and other attributes, how does one represent the proposed solution 
among alternatives? Importantly, the programme must be prepared to do this, and to thereby 
make progress toward long-term objectives, whenever changing externalities such as politics or 
funding availability permit. This concern is part of all the other issues in this list, so that progress 
can be uniformly achieved. 

The foregoing discussion is then summarized by a list of important issues: 

 Legislative and Regulatory Framework 

 Political 

 Public Acceptance (includes technical peer community, and communication to the 
public) 

 Optimizing Cost 

 Financial 
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 Security 

3.3 Development of a Repository Programme 

On the second day, many of the presentations focused on the general development of a national 
crystalline rock repository programme and the technical bases that must be established to meet 
regulatory requirements, screen potential sites, assure quality, develop repository designs, and 
build confidence in the assessment of long-term performance. These presentations are briefly 
summarized below along with any notable discussions generated. The presentations of countries’ 
specific experiences in site selection and site selection are summarized in Section 3.4. Slides 
from all presentations can be found in Appendix C. 

3.3.1 Overview of Repository Programme Development 

“Repository Programme Development from Concept to Licensing,” presented by A. 
Orrell, SNL 

The material for this presentation was based on reports and documentation (see Appendix C) 
from IAEA, Organisation for Economic Co-operation and Development (OECD), U.S. National 
Academy of Sciences (NAS), Nuclear Energy Agency (NEA), and other institutional reports and 
personal experiences. The development of a repository programme faces a combination of 
technical, scientific, engineering, and sociopolitical challenges. A successful programme satisfies 
the needs of the various stakeholders and the implementer, with safety as a common goal. The 
life-cycle of a repository programme moves from a pre-operational phase, involving disposal 
concepts and site selection, to the operational phase and then to a post-closure phase. Activities 
within each phase can draw from international experience. During these phases, the government, 
regulatory body, and operator/implementer assume key responsibilities. Of particular note are the 
IAEA safety requirements on slides 12, 13, 14, and 16 and the safety assessment and safety case. 
During the pre-operational phase a license application is prepared by the operator/implementer 
for the regulatory authority(ies). Primary elements of this application are the safety assessment, 
the safety case, and the supporting data. Thus, licensing is a process that lasts throughout the 
repository program. Because trust is of paramount importance and can be easily and quickly 
eroded by a single event, developing a repository programme requires attention to integrity and 
transparency over long time frames. 

The use of international professional associations was discussed; the Technology Platform, and 
technical associations were mentioned. There currently exists no union of scientific workers in 
waste management that might exert influence on policy or technical decisions made in national 
programmes. 

3.3.2 Technical Bases 

“Technical Bases for Repository Construction in Crystalline Rock,” presented by P. 
Mariner, SNL 

Technical bases are data and arguments that build confidence that the repository will meet 
functional and safety objectives. Technical bases are used to identify and select potential sites, 
develop the repository design, and build and support the safety case. In this presentation the 
spectrum of technical bases was divided into categories and each category was examined 
individually. The emphasis was on striving to develop the documentation of all technical bases 
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(data collected, methods used, calculations performed, etc.) needed to withstand the scrutiny of 
regulators and stakeholders. Much of the documentation can build on data collected and 
arguments developed in international repository programmes. For disposal in crystalline rock, 
technical bases must show substantial performance of the waste package and engineered barriers. 
Specifically, they must show how the attributes of the crystalline rock environment and the 
designed engineered barrier system will protect the waste packages and limit radionuclide release 
rates, how the natural barriers will prevent unacceptable exposures in the biosphere to 
radionuclides that are released, and how various human and natural event scenarios are 
improbable or inconsequential. Features, events, and processes (FEPs) important to dose 
calculations in performance assessment calculations were identified. In addition, a methodical 
process for prioritizing site characterization activities was presented, and a list of relevant safety 
assessment reports and links was provided. 

There was a discussion of how sufficiency is determined in the regulatory, technical, and socio-
political contexts. There is always a risk to success, from excessive requirements at all steps of 
implementation. One argument is that sufficiency in data and information is the amount and 
quality of data and information the implementer believes is necessary to convince the regulators 
and stakeholders that additional data and information is not required. 

There was also discussion as to the relative benefit of the minimal rock pressures and the 
associated rigidity of excavations in a crystalline rock repository. While canisters can be 
designed to withstand high rock pressures, minimal rock pressures on canisters and rigid 
excavations are characteristics of a crystalline repository that set it apart from clay and salt and 
therefore allow for unique engineered barrier designs. These hard rock characteristics potentially 
allow for EBS designs that enhance long-term canister performance. In addition, they could 
simplify testing and modeling (due to rigid boundary conditions) and facilitate retrievability in 
the short and long term (though this may be irrelevant depending on objectives and regulatory 
criteria). There was agreement that a joint statement of the advantages and disadvantages of 
crystalline rock compared to other disposal media would be helpful in development of disposal 
concepts. There was also agreement that disposal concepts for safe disposal in crystalline rock 
are likely to rely more on engineered barriers such as a clay buffer around each waste package, 
than other concepts, for example those in salt.  

Other notes and comments were 1) that laboratory and field work should be more prominently 
identified in post-closure safety technical bases; and 2) microbial processes may also be an 
important FEP. 

3.3.3 Design Concepts 

“Disposal Concepts in Crystalline Rock” presented by E. Hardin, SNL 

This presentation discussed variations on the KBS-3V and KBS-3H concepts. Prefabrication of 
the waste package and buffer, prior to transport and emplacement underground, is important for 
controlling costs and assuring as-built quality. For both the vertical and horizontal modes, there 
will be emplacement criteria concerning the potential for a flowing fracture to intersect the 
buffer. For the horizontal mode (boreholes approximately 100 m long) it will be more 
challenging to collect accurate in situ data on fracturing. Grouting is likely to be used, especially 
for the horizontal mode, and will present additional costs and complications. 
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Prefabrication offers other potential advantages: as proposed by McKinley et al. (see 
presentation materials) it could be used to elaborate the EBS structure within the buffer. The 
“reservoir” proposal is a sandstone layer around the package to provide mechanical support, and 
to promote phase segregation, i.e., separation of gas and liquid phases. The prefabricated 
package can be enclosed in an impermeable steel canister (compared to the expanded-metal 
sleeve used in the Posiva drawings). This impermeable canister could be engineered to remain 
essentially intact through the thermal period and thereby to protect the dehydrated clay buffer 
material from thermal-hydrologic-chemical alteration. The canister would be vented, but only to 
bleed pressure differences. 

The KBS-3 concepts were compared with other concepts that allow larger waste packages (i.e., 
containing more than 4 PWR fuel assemblies). Several concepts were discussed: an enclosed 
emplacement mode in salt, an open mode in unsaturated crystalline rock, and two concepts for 
disposing of dry-storage casks directly. The CARE concept from Apted et al. would emplace 
CASTOR (or equivalent) storage casks directly into caverns in crystalline rock, and a decision 
would be made in 100+ years whether to recover the SNF or seal the cavern for long-term waste 
isolation. The DIREGT concept from DBE-Tec would emplace CASTOR casks directly in salt, 
using a horizontal borehole emplacement mode. For direct disposal, long-term storage casks 
require some accommodation for FEPs, and the most challenging appears to be in-package 
nuclear criticality.  

Finally, costs were compared across a range of enclosed and open emplacement mode concepts, 
using data prepared by the U.S. program. There is a 3-fold range of costs possible depending on 
how elaborate an EBS, vs. reliance on natural barriers. The KBS-3 concept is near the high end 
of the range because the EBS is complex, with buffer and backfill installation, and high-cost 
copper packages. This can be compared with direct disposal of carbon steel packages in salt. 

With regard to repository programme development, the disposal concept should be developed as 
part of the safety case, as a step in building consensus as to the features, events and processes 
that are important to repository performance. The safety case, and by inclusion, the disposal 
concept, should be iterative throughout siting, characterization, and licensing. Inability to change 
the disposal concept can lead to inflexible responses to external changes such as regulatory 
requirements, external reviews, and imposed limitations on funding and other resources.  

Disposal concepts can be diverse within a system or repository, e.g., waste types can be 
segregated in different parts of the repository with different packaging, barriers, etc. Similarly, 
disposal concepts can be partial so that only a portion of the available SNF or HLW is disposed 
of, and the remainder can be dispositioned in a different repository, or reprocessed, etc. Disposal 
concepts can be site-specific and need not be limited to generic concepts, e.g., a constructible but 
permeable host rock can be “protected” from groundwater circulation by impermeable, non-host 
layers. Finally, generic disposal concepts are generally all retrievable and recoverable (the 
former is for safety reasons, the latter for economic reasons). The low likelihood of retrieval and 
the poor economics of recovery for disposed SNF mean that there is no significant, universal 
need to build retrievability into the disposal concept from inception. 
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3.3.4 Safety Assessment Methodology 

“Application of the Safety Assessment Methodology” presented by G. Freeze, SNL 

A safety case is “an integration of arguments and evidence that describe, quantify and 
substantiate the safety, and the level of confidence in the safety, of the geological disposal 
facility” (NEA 2004, Section 1).1 The safety case includes quantitative information and 
qualitative supporting evidence and reasoning that gives confidence in the underlying science. 
“The safety case has to be developed progressively and elaborated as the project proceeds. … 
The formality and level of technical detail of the safety case will depend on the stage of 
development of the project, the decision in hand, the audience to which it is addressed, and 
specific national requirements” (IAEA 2011, Section 4.12). The quantitative information in a 
safety case is typically provided by a safety assessment, which is the “quantification of the 
overall level of performance, analysis of the associated uncertainties, and comparison with the 
relevant design requirements and safety standards” (IAEA 2011, Section 4.10).  

The safety assessment methodology is an iterative evaluation of application objectives, site 
characterization, FEP analysis, scenario development, PA model implementation, and 
assessment results, each of which is presented in more detail in the slides. Thermal-hydrologic-
chemical-mechanical-biological-radiological (THCMBR) processes must be evaluated including 
their spatial and temporal variability and uncertainty. To ensure that a safety assessment 
considers all processes that are potentially relevant to long-term repository performance, a 
systematic FEP analysis should be performed (see cited examples in presentation). The NEA 
international FEP database (NEA 1999, 2006) provides a good starting point for developing a 
FEP list. From a comprehensive list of potentially relevant FEPs, FEP screening is performed. 
Through FEP screening, a subset of important (included) FEPs are identified that defines the 
range of possible future states (i.e., scenarios) of the disposal system, and FEPs that are of low 
probability, low consequence, incompatible with regulations, or are physically unreasonable are 
screened out (excluded). Scenarios, well‑defined, connected sequences of FEPs that outline of a 
possible future condition of the repository system, can be formed from the included FEPs, and 
the scenarios can then be evaluated numerically in a safety assessment model, propagating 
uncertainty. Model results and sensitivity analyses can be used to identify key 
processes/parameters that control dose estimates. This information can be used to guide R&D. 
Numerous references for these topics are provided in the slides. 

The complexity of safety assessment models can vary, depending on programme needs. 
Simplified models offer fast solutions, but have limited ability to incorporate multi-physics 
couplings. More complex models can provide highly integrated coupled multi-physics but may 
result in excessive run-times, even in a high-performance computing environment. Whatever 
model complexity and computational approach is used, it must conserve masses of radionuclides 
throughout the system while implementing radioactive decay and ingrowth. The model should 
also be capable of discerning where the released radionuclides are in the engineered and natural 
barrier systems as a function of time. 

A survey of meeting participants indicated that only a few of the countries considering disposal 
in a mined crystalline repository (e.g., Czech Republic, Korea, Spain, Switzerland, USA) have 
performed a FEP analysis or FEP screening. It was emphasized that a preliminary FEP analysis 

                                                 
1 Reference list can be found on slides 28 through 32 of the presentation in Appendix C.  
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can be done in a matter of days by any of the participants using available FEP databases 
regardless of whether a specific site has been identified. The results could then be used to help 
identify R&D priorities. FEP evaluations communicate relative importance of technical issues to 
all disciplines. Initially, generic FEP evaluations do not require site specific data, but can be 
supported by literature data, geologic surveys, and expert elicitation.  

3.3.5 Performance Assessments and R&D Prioritization 

“Insights from Safety Assessments for Mined Repositories in Crystalline Rock” 
presented by P. Swift, SNL 

This presentation provided a summary of safety assessment results for simulated crystalline rock 
repositories and identified components and processes observed to be potentially important for the 
crystalline rock repository concept. Current DOE analyses indicate that I-129 drives the dose in 
systems with slow moving water, but the peak dose remains low (below 0.01 mSv/yr) as long as 
the buffer remains intact. Buffer failure causes the peak dose to increase, and an increased 
fracture flow rate significantly hastens the arrival of the peak dose. The Canadian Fourth Case 
Study shows similar results (peak dose below 0.001 mSv/yr dominated by I-129). The peak dose 
is approximately 3 orders of magnitude below ICRP 81 criteria. Calculations for the Swedish 
Forsmark SR-site show Ra-226 as the dominant dose contributor at 1 Ma, but the peak dose 
(~ 0.0001 mSv/yr) is still orders of magnitude below the risk limit. In the Swedish analysis, 
failed waste packages, resulting from failed buffer as ice retreats after the next glacial period, are 
assumed to be intersected by highly transmissive fractures. Ra-226 is the dominant contributor 
because the flow to the biosphere is rapid within these fractures. The total estimated dose varies 
linearly with the number of failed waste packages. The uncertainty in fuel dissolution rate is also 
an important contributor to overall uncertainty. These safety assessment results indicate that 
crystalline repositories have the potential to provide excellent long-term isolation for SNF and 
HLW. Thermal load management issues are likely to favor relatively smaller waste packages in 
crystalline repositories. 

The second half of this presentation focused on prioritization of R&D activities. The results of 
safety assessments can be used to iteratively integrate R&D. Several examples were presented in 
some detail and included topics such as how to take the existing state of knowledge into account. 
Important information includes cost and time required to complete the R&D. Evaluation results 
for the UFD Campaign R&D Roadmap were compiled and organized using the structure of the 
FEP catalog. A brief summary of the prioritization of engineered system R&D was presented. 

One idea mentioned during the presentation is that the KBS-3 approach, with its expensive 
copper canisters, might be the best alternative if it takes as much or more money to develop an 
alternative approach. 
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3.4 Site Selection and Site Characterization 

This section summarizes the presentations of participants with specific experiences in site 
selection and site characterization in their home countries. Some of these experiences were 
presented at a high level in the status reports on Day 1 (Section 3.2). Here, additional 
presentations on site selection and site characterization from Day 2 and Day 3 are discussed in 
the order listed in the agenda (Appendix B). For the details of these presentations, the slides in 
Appendix C should be consulted.  

Swiss siting process - experience from the Swiss radioactive waste management programme 
(S. Vomvoris, NAGRA) 

Mr. Vomvoris described the Swiss programme moving away from crystalline rock to sediments. 
This is in part because prospective crystalline rock formations in Switzerland tend to be overlain 
by sediments which make them difficult to characterize with surface investigations only. The 
original crystalline project investigated two large regions using surface and borehole methods. A 
second phase, involving more detailed surface investigations in one area, with cross-hole testing, 
shafts, and underground tests, was never implemented.  

Switzerland has approximately 8 million inhabitants and 40,000 km2 land area, but only 8% of 
the land area is inhabitable (not mountains). Hence investigations should minimize impacts to the 
surface in the inhabited regions. Sedimentary formations have been characterized thus far using 
deep boreholes and surface geophysical investigations. In one of the areas, focused investigations 
with one deep borehole and a 3-D geophysical survey were performed.  

A new siting process has commenced in Switzerland for LLW/ILW and HLW/SNF repositories 
(see the status report from Day 1). Separate sites are possible, or the facilities may be co-located. 
The idea of the new process is to get the government authorities (regulators and representatives) 
at all levels (Federal, Canton, Community) involved early in the process starting with site 
selection and characterization. Indicator criteria have been developed for safety and engineering 
aspects, to select sites for further characterization. Six regions have been selected and compared 
using a multi-attribute utility analysis (MUA). These regions have been approved and form the 
basis for proceeding to the second stage. The second stage was initiated by Nagra with the 
proposal of 20 sites as the basis for the discussions with the regions and for the selection of at 
least 2 sites at the end of Stage 2 for further detailed investigations. The approach followed is 
“normative,” i.e., the implementer proposes sites. The Federal Office of Energy “owns” the 
entire process. Safety criteria are controlled at the Federal level. 

In discussion, technical expertise was identified as a key requirement for implementing and 
regulating organizations.  

Funding is being provided to Cantons and Communities to support review and their active 
participation. Eventually, impact funds will be distributed when two sites are selected for 
characterization. Impact funds are common for similar projects in Switzerland and will be based 
on an evaluation of the effects of the geological repositories at the local and regional level from 
studies of socio-economic and environmental aspects. The form in which these contributions will 
be provided is open. In a previous similar project in Switzerland the community proposed that 
part of the funds should be held in escrow for many years for sustained long-term benefit to 
communities. 
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Focus on geological aspects - geology, hydrology, geochemistry, geophysics, environmental 
isotopes (F. Woller, Consultant to RAWRA) 

The first milestone of a deep geological repository is "to select sites with proper geological 
conditions taking into account local developments at proposed sites. After evaluation of relevant 
results, include two sites into land use plans (main and reserve ones) for a deep geological 
repository." 

The Czech Geological Survey in collaboration with other investigators is characterizing potential 
site areas using remote sensing, surface geology, and geophysics. These methods are used to 
locate boreholes (300, 500 and 1000 m depth; 47.5 mm diameter) for model testing and further 
investigations. The work complies with the Czech Mining Law, and areas designated for study 
have been entered as “special interventions affecting Earth’s crust” in the territorial plans. 

Public acceptance is problematic even for characterization activities. The goal for October 2012 
is to sign agreements with affected localities (8 municipalities). Information is needed by “all 
sides” of the siting debate to inform decisions. 

Focus on conflicts of interest (legacy, urban plans, protective areas, natural hazards etc.) 
(J. Mikšová, RAWRA) 

This presentation summarized the characterization approach and stakeholder interactions. 
Conflicts of interest are defined here as opposing positions on decisions with multiple 
stakeholders. Characterization will proceed in stages: surface, borehole, and underground 
investigations. Stakeholders include land owners, municipalities, and state administrations. 
Constraints include a “long list” of legislation in the Czech Republic as an example. Also, the 
process is constrained by treaties and international conventions. Conflicting positions are 
associated with legislated exclusion areas, environmental concerns (e.g., forests), and 
anthropogenic factors (dams, historical sites, etc.). 

The Czech Republic has approximately 10.5 million inhabitants, at a density of 130/km2. There 
are 6,248 municipalities and several military reservations. These statistics complicate siting 
related activities. Benefits from characterization activities, in addition to the information value 
(e.g., groundwater resources), include employment in the localities, etc. 

Focus on construction aspects -repository design, geotechnical properties of rock (M. 
Dvořáková, RAWRA) 

The current schedule for developing a deep geologic respository (DGR) in the Czech Republic 
was presented in detail. Planned siting activities would culminate in site selection by 2025, with 
URL construction several years later and repository operations by 2065. As of 2011 the reference 
disposal concept is similar to the KBS-3H, with prefabricated packages (with clay buffer), ramp 
access, and separate panels for waste types, covering an area of approximately 4.4 km2.  

The programme is currently focused on siting activities with data collection and underground 
investigations where access is available. The URL would be constructed at relatively shallow 
depth (e.g., 250 m) and the repository at a greater depth (550 m) if favorable characteristics are 
found. Other important areas of concern and R&D plans in the programme include technology 
development, waste minimization, methods of transport, encapsulation (packaging) methods, and 
system optimization. The design is currently being modified for a better Czech fit (less 
adherence to the KBS-3 concept, and parallel emplacement and construction). 
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Two different disposal zones for two different waste types were identified in the design, 
prompting a comment that two different safety cases might need to be developed for this design. 
There was also discussion on whether a ramp was needed. 

Focus on the decision-making process including potential schedule/when to start, defining 
of geological criteria (exclusion criteria, conditional criteria) (J. Slovák, RAWRA) 

Past and future steps for siting two facilities were described: a repository for LLW/ILW and for 
SNF/HLW. The Czech Geological Survey identified 27 candidate areas (selections are not 
required to be taken from these). In 2012 the goal is to identify 6 or more sites for possible 
characterization from choices that include both public and private lands. Approximately 4 or 
more of these would be characterized, supporting a down-selection of two sites in 2018. 
Agreement from municipalities is needed for these selections.  

Sedimentary geology was eliminated from consideration early in the process, mainly due to 
concerns with drinking water supplies and possible impacts on military sites. 

Modeling hydrogeology and hydrochemistry in support of safety assessment for radwaste 
repositories in fractured rocks - Case studies and lessons learned from Sweden and Finland 
(J. Molinero, Amphos21) 

The focus of this presentation was on the general status of hydrologic and hydrochemical 
modeling for the Swedish and Finnish repository programmes. Paleoclimate studies for the 
Baltic region shows that glacial characteristics will prevail during the repository performance 
period. There presently are “old” brines (at least 1.5 Ma) observed at depths of approximately 
1 km. A younger imprint of brine from the Littorina Sea, a brackish phase of the Baltic during 
the early-mid Holocene (age up to 13 ka), has affected the upper kilometer. This has been 
perturbed by mixing with freshwater, and by recent groundwater pumping. 

Hydrologic simulation presents scale-dependent structure associated with faults and fractures. 
The discrete fracture network approach is suited for scales up to approximately 100 m, while 
more extensive models used to understand glacial processes (20 km) are equivalent continuum 
models and require upscaling of properties. 

A key question for the Swedish and Finnish programmes is what groundwater flux and host rock 
permeability is acceptable? This question can only be addressed in the context of integrated 
hydrologic simulation and safety analysis. 

Hydrochemical modeling is being addressed using a specialized modeling framework. The 
conceptual model for transport of chemical species represents an integration of site data, expert 
judgment, and interpretations (e.g., mixing calculations). The appropriate integration of these is a 
model that combines all of the important data. 

The mathematical implementation is being done with stream tubes and channel networks 
representing flow, matrix diffusion, and reactive transport on multiple, 1-D channel networks 
developed from stochastic realization. Typical FEM solution strategies have 106 nodes and 5×106 
elements. The approach has used particle tracking, and back-tracking to 4,000 waste packages in 
order to sort potential radionuclide transport pathways. Travel times from zero to 10 ka have 
been generated. Back-tracking of particles is useful to link model boundary conditions with 
waste emplacement locations. PFLOTRAN has been used for flow and some hydrochemistry 
modeling at Aspo and the SFR site near Forsmark. 



Proceedings of Scientific Visit on Crystalline Rock Repository Development 
February 28, 2013 

 21  

A question was raised about model validation. The response was that for this type of model, 
validation is not really possible, but the various components of the model can be verified to work 
correctly. 

Simulating flow and transport in fractured media (A. Pueschel, GRS) 

A 1D model was used to simulate radionuclide release, mobility, and transport from HLW glass 
through a bentonite buffer and then through a fracture for a generic repository in granite. This 
model is useful for assessing the various features of the system and the effects of uncertainties. 
2D and 3D models are useful in the far field to evaluate flow fields and density driven flow.  

A 2D model using d3f/r3t was developed to simulate colloidal transport observed in experiments 
at the Grimsel Test Site. Tracer data were used to calibrate the flow parameters, and colloid 
transport data were used to fit and calibrate the colloid interaction parameters. It was found that 
desorption was stronger for trivalent radionuclides than for tetravalent radionuclides. 

In another example, a simple vertical 2D discrete fracture network model was used to simulate a 
complicated fracture network for flow and heat transport calculations. Good agreement between 
results was found. 

Additional, multi-lab collaboration is needed to build confidence in these approaches. Software 
tools available at the GRS facilitate model-data comparisons. 

Geologic mapping and structure geology (J. Pertoldová/K. Verner, CGS) 

The presenters described the progress of mapping the Czech Republic geologically, at 1:200,000 
(1960’s and 1970’s), 1:50,000 (2000), and 1:25,000 (ongoing). Digitized maps are available on 
the CGS website, and English language maps are available. Radioactive waste disposal prospects 
are expected to be mapped at 1:25,000 by 2014. 

Important geological features identified during geological mapping are summarized in the 
explanation text (including geology, geophysics, geochemistry, mineral resources, hydrogeology, 
engineering-geological pattern, and environmental geofactors). The structural geology focus is 
on discerning the stress regime and integrated strain from anistropy of magnetic susceptibility, 
also measurements of residual strain. Economic benefits include data relevant to new mineral 
resources, re-evaluation and protection of energy sources like coal and geothermal energy, and 
information relevant to siting storage and disposal of hazardous waste. 

Geophysical airborne and surface exploration and interpretation (M. Karous, Geonika) 

A range of surface geophysical surveys are being undertaken, including: gravity, seismic, 
resistivity, induced polarization, gamma spectrometry, and magnetic susceptibility. A gravity 
cross-section can determine the angle of contact between formations, subject to interpretation. 
Single measurement versus distance can identify very deep faults (lower densities at faults). 
Magnetic surveys from the air can show where crystalline rocks are, in relatively unweathered 
condition. Airborne methods can also be used to distinguish element ratios in rocks (e.g., 
potassium, uranium, thorium). Joint interpretation of geophysical methods can give detailed 
interpreted cross sections. Examples of seismic sections and 3-D seismics were presented. This 
presentation was completed with an abstract, see Appendix C. 
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Borehole investigation methods (J. Lukes/M. Prochazka, Aquatest) 

Well logging can provide in situ measurements of physical and mechanical properties of rocks, 
the stage of tectonic deformation of rocks, fractures and fissures, open fractures, fracture 
orientation, groundwater movement (detection of yields and intensity of water flow), well 
orientation-dip and azimuth, cavities, and other information that can be obtained from downhole 
cameras. Measurements are continuous and usually collected in intervals of 5 cm. Methods 
include fluid resistivity, photometry, gamma log, resistivity log, magnetic susceptibility, 
acoustic, caliper, gamma-gamma log, neutron-neutron log, sonic log, temperature log, etc. 
Examples of well logging for fissure connectivity between boreholes using tracer tests were also 
presented. 

The presentation described the history of the Aquatest borehole geophysics company in the 
Czech Republic and its involvement in repository siting activities. One major point was that 
temperature and pH logs are used instead of flowmeter logs to speed up logging while producing 
the same level of understanding of flow features. 

Hydrogeology and hydrogeochemistry (T. Pačes, CGS) 

The flow and hydrochemical behavior of groundwater in granites in the Bohemian massif were 
studied for more than five years at a research site in the Czech Republic. Three boreholes, 10 to 
14 m apart and drilled to depths of 300 to 350 m, were used to measure hydraulic conductivity 
(cross-borehole flow tests) and water composition as a function of depth. Hydraulic conductivity 
decreased from the 10-9 to 10-6 m/s range in the upper 100 m, to10-11 to10-10  m/s below 200 m. 
Sub-horizontal permeable fractures in the upper zone are probably a result of physical changes in 
rocks due to permafrost during the last glacial period. In a mineralogically homogenous granite, 
ground water composition varies with depth and with time. No composition was reached after 
drilling and hydraulic tests in granite with very low permeability after 1800 days of sampling. 
Temporal trends in the chemical changes were different at individual depth sections of the drill 
holes. Individual dissolved elements behaved differently too. Therefore, a leveling of the steady 
state chemical composition of groundwater in host rocks will need a prolonged time of even 
several years. We found very high steady-state concentrations of total organic carbon (TOC) at 
depth below 100 m in granite. The source and composition of the TOC is as yet unknown. 
According to isotopic and chemical data for carbon, the source is not anthropogenic pollution or 
shallow water rich in humic acids. 

Because the rate of uplift and corresponding erosion of the Bohemian massif has been measured 
to 1 to 2 mm/yr, Pačes questioned the long-term safety of a repository located at a depth of 
500 m. At this rate, the repository would be much closer to the surface in 100,000 years. His 
observations from borehole data, which are similar to observations around the world, indicate 
higher permeability, more open fractures, and different water chemistry at shallower depths. At 
the depths, permafrost can become important in a repository performance assessment. Pačes 
contends that the Czech Republic should strongly consider deep borehole disposal, in which 
wastes would be disposed at depths from 3 to 5 km in sealed boreholes. Other aspects of deep 
borehole disposal he likes are the likely lower costs, the low probability that dense water at great 
depth will migrate to the surface, the reducing chemical conditions, the ability to use steel 
instead of copper, and the reduced hazards of drilling operations compared to mining operations. 
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Data management (J. Mikšová, RAWRA) 

The Czech “Cadastre” was presented: consisting of geodesy, GIS, gravity control, and other 
maps. The slides include an example for map indexing. The following topics were discussed: 
geographic data management (map sheets), geological data management, Czech Geological 
Survey databases, data and information structure, spatial data structure, metadata, data properties 
and workflow, data storage, GIS data, and GIS spatial analyses. GIS capability to support siting 
activities has advanced to 40 raster and 180 vector layers for each of six sites being evaluated.  

Why is data management important? It helps us in the decision making process, and it is an 
essential part of knowledge management, but long term preservation of data and information is 
necessary. 

Communication (L. Steinerová, RAWRA) 

The Atomic Act of 1997 created SURAO. In 2002, a deep geological repository was deemed the 
only feasible option for spent fuel; other options were seen as unrealistic. Public protests and 
disagreements put a stop to geological research, especially the airborne geophysical surveys, in 
2004. The ARGONA project (2006-2009) was created to support the transparency of the 
decision-making process and to increase communication of risk with stakeholders.  

A “RISCOM” risk communication model similar to the Swedish programme has been adopted 
and will be used in stakeholder interactions. An important challenge is communication of 
uncertainty, how it is quantified and included in safety assessments. The IPPA project 
(Implementing Public Participation Approaches) began in 2011 to further enhance 
communication and decision-making. There is a possibility of direct payments to cooperating 
localities. A reference stakeholder group is being formed, focusing on technical expertise. 

A comment from one of the participants was that stakeholders want to be 100% certain before 
granting approval, and that is difficult to achieve. 

KURT (KAERI Underground Research Tunnel) activities and prospects (Y.K. Koh, 
KAERI) 

KURT, consisting of a 180-m ramp (10% grade) accessing 75 m of crossing drifts, is located in 
medium to coarse-grained two-mica granite at a maximum depth of 90 m. It includes a borehole 
drilled to a depth of 500 m below one of the drifts. The first stage was completed in 2006 and an 
extension through a fracture zone (called MWCF) will be built in the next two years. The 
purpose of the extension is to demonstrate in situ long-term EBS performance and to characterize 
the MWCF. KURT has been used to conduct numerous tests and monitoring activities, including 
a small-scale heater test, EDZ characterization, and migration tests for solutes and colloids. An 
EBS testing dubbed “DEBS-KURT” is in the planning stages. The KURT programme has 
focused on streaming potential methods for identifying flowing fractures. 

GTS (Grimsel test site) main activities and strategies (I. Blechschmidt, Nagra) 

The Grimsel Test Site is a system of tunnels (3.5 m diameter, 1.1 km long) built at the site of a 
pumped storage project, offering underground access for testing since 1984. Currently it is the 
only in situ test site in the world that allows use of radionuclides. Many tests have been 
performed there. Current activities include the long-term cement test, long-term diffusion test, 
colloid formation and migration test, grout injection experiments, and the gas permeable seal 
test. FEBEX, one of the projects, is the longest thermal-hydrologic-mechanical (T-H-M) 
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experiment running, with the heater (simulated HLW canister) in the bentonite block filled 
tunnel running continuously since 1997. One of the advantages of the GTS is the favorable 
boundary conditions (practically non-existent excavation disturbed zone, rocks with high-
compressive strength, etc.). 

The GTS offers a platform for cooperation with international partners, training, technical public 
relations, and interaction with interested stakeholders. Twelve countries and the European Union 
are partners at the Grimsel site currently. 
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4.0 FINALE 
 

Lead: A. Orrell, SNL 

Following the last presentation, the participants discussed what they learned, their observations, 
and thoughts about whether the scientific visit achieved its objectives, and the prospects for 
future interactions. The principal objectives of the scientific visit were 

1. Establish personal contacts for future collaboration 

2. Identify common issues 

3. Evaluate the potential benefit of a “Crystalline Club” emphasizing “early stage” 
programmes 

There was broad agreement that this exchange achieved the objectives. Numerous participants 
expressed appreciation for establishing new personal contacts and their intent to share 
information in the coming weeks and months. Some also discovered one or two other countries 
with issues, plans, geology, or programmes very similar to their own that could be good 
examples, lessons, or models for their own countries. The common issues discussed as a group 
included (see Finale working slides in Appendix C): 

 Public acceptance issues 

 Defining the regulatory or government frameworks, decision-making process 

 Site selection 

o Methods and approaches, schedule 

 Disposal concepts  

o Open vs. closed, horizontal vs. vertical emplacement, repository/storage, linking 
storage and disposal through cask size, interim storage concepts, conveyance and 
handling, shaft vs. ramp 

 Data management 

o Data acquisition, data collection, data storage, data flow 

o Raw data, natural analogues, material properties 

 Planning R&D programmes 

o Laboratory and field testing 

 Lessons learned 

 Flow and transport  

 Design and performance of engineered components 

 Discrete fracture network (DFN) characterization 

 Integration of data and modeling 

 Knowledge management 
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 Safety case/safety assessment/FEP screening 

Further interactions were discussed, with suggestions for 

 Future technical meetings focused on topical areas (including deep borehole disposal) 

 Special session at the annual International High-Level Radioactive Waste Management 
Conference (Albuquerque, NM, USA) 

 Collaboration with other groups: GSA, AWRA, Migration, NAWG, etc. 

 Include LLW and ILW disposal concepts in crystalline host rock 

 More discussion of knowledge management 

 More discussion of lab and field work to understand processes, properties, natural 
analogues, etc. 

 Cost strategies: optimization, estimation, funding mechanisms, decommissioning 

 Coupling of long-term storage to disposal concepts 

The IAEA funded participants agreed that this scientific visit was useful and educational and that 
the interactions were beneficial. Participants from most of the countries were enthusiastic about 
participating in future exchanges. The following “volunteers” were enlisted for follow-on actions 
to push forward an agenda for a future scientific visit: 

 Romania  A. Sorescu 

 Spain   J. Molinero 

 Czech Republic J. Slovak 

 USA   G. Freeze 

 UK   R. Whittleston  

 IAEA   P. Degnan (not present but a key source of input and possibly funding) 

The idea of this group founding a “Crystalline Club” at some point in the future was 
unanimously considered a logical and beneficial future step. The proposed goals of the "club" are 
to enhance cooperation, collaboration, and sharing of information among its members. Also, it 
would promote flow of information and other resources from the more advanced programmes to 
emergent ones. 

IAEA participants were requested in their reports to evaluate and recommend future interactions 
but not to call this group a “club” because “club” implies formalities that this group has not 
undertaken at this point. 
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5.0 SESSION PHOTOS 
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6.0 JOSEF GALLERY TOUR 
 

The fourth day of the scientific visit consisted of a tour of the Josef Regional Underground 
Research Centre, run by the Centre for Experimental Geotechnics (CEG) of the Czech Technical 
University in Prague. 
 

 
Small-scale supercontainer mock-up. 

 

Emplacement boreholes for small-scale supercontainer test. 
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Underground discussions. 

 

 
Final words. 
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7.0 REFERENCES 
 

References cited in the proceedings can be found in the presentations in Appendix C. 
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PROGRAMME FOR THE SCIENTIFIC VISIT ON 
CRYSTALLINE ROCK REPOSITORY DEVELOPMENT 

	
Prague, Czech Republic 
24‐27 September 2012 

DAY 1 – MONDAY 24 SEPTEMBER 2012 

7:30 – 8:30   REGISTRATION 

8:30 – 10:00    INTRODUCTION AND WELCOME 

  Introduction and welcome by Acting Managing Director of RAWRA (J. Prachař) 

PRESENTATION OF STATUS REPORTS (CHAIR: RAWRA ‐ J. SLOVÁK/J. MIKŠOVÁ) 

Status Report  ‐  recent history, accomplishments, site characterization working plans, new 
directions, lessons learned, policies, funding, regulatory requirements etc. 
 
1. Status Report – Czech Republic (J. Slovák, RAWRA) 

2. Status Report – USA (P. Swift, SNL)  

3. Status Report – Germany (W. Steininger, KIT) 

10:00 – 10:30  BREAK 

10:30 – 12:00  PRESENTATION OF STATUS REPORTS (CONT.) (CHAIR RAWRA  ‐ J. SLOVÁK/J. 

MIKŠOVÁ) 

4. Status Report – Switzerland (S. Vomvoris, Nagra) 

5. Status Report – Great Britain (R. Whittleston, NDA) 

6. Status Report – Korea (I.Y. Kim, KAERI)  

12:00 – 13:15  LUNCH 

13:15 – 15:15  PRESENTATION OF STATUS REPORTS (CONT.) (CHAIR: SNL ‐ P. SWIFT) 

7. Status Report – Slovakia (M. Kováčik, EN‐GEO Consult) 

8. Status reports – IAEA group  

a. Poland – M. Banach 

b. Lithuania – A. Sirvydas 

c. Romania – D. Dogaru /A. Sorescu 

d. Mexico – R. Vázquez Ponciano 

e. Pakistan – Z.H. Shah 
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15:00 – 15:20  BREAK 

15:20 – 17:00  STATUS REPORT SUMMARY (CHAIR: RAWRA‐ J. SLOVÁK / SNL ‐ A. ORRELL) 

Discussion – all participants 
Summary  of  participating  countries’  approaches,  joint  statement,  potential  action, 
evaluation provided by organizing committee 
 
 

DAY 2 – TUESDAY 25 SEPTEMBER 2012 

8:00 – 10:00    REPOSITORY PROGRAMME DEVELOPMENT METHODOLOGY (CHAIR: SNL  ‐ 

P. MARINER) 

1. Repository Programme Development ‐ from concept to licensing (A. Orrell, SNL) 

‐ Stages in the development process 

‐ Infrastructure, legal and regulatory framework, funding, organizational responsibilities 

2. Technical Bases for Repository Construction in Crystalline Rock (P. Mariner, SNL) 

‐ Identification of important site attributes to be evaluated during the site screening and 

site characterization stages 

3. Disposal Concepts in Crystalline Rock (E. Hardin, SNL) 

 

10:00 – 10:20  BREAK 

10:20 – 12:00  PROGRESS IN SITE SCREENING AND SELECTION (CHAIR: SNL ‐ E. HARDIN) 

1. Status Report – Spain (J. Molinero, Amphos21) 

2. Swiss process ‐ Experience from the Swiss Radioactive Waste Management Programme 

(S. Vomvoris, NAGRA) 

3. Group Discussion 

‐ Open discussion of site screening and selection based on lessons learned, perspectives, 
and needs from all participants  

 

12:00 – 13:15  LUNCH 

13:15 – 15:00  SITE CHARACTERIZATION METHODS (CHAIR: RAWRA ‐ J. SLOVÁK) 

1. Technical Advances in Site Characterization  

a. Focus  on  geological  aspects  ‐geology,  hydrology,  geochemistry,  geophysics, 

environmental isotopes etc. (F. Woller, RAWRA’s consultant) 

b. Focus  on  conflicts  of  interest  (legacy,  urban  plans,  protective  areas,  natural 

hazards etc.) (J. Mikšová, RAWRA) 
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c. Focus on construction aspects ‐repository design, geotechnical properties of rock 

(M.Dvořáková, RAWRA) 

d. Focus on the decision‐making process including potential schedule/when to start, 

defining of geological  criteria  (exclusion  criteria,  conditional  criteria)  (J. Slovák, 

RAWRA) 

2. Group Discussion 

‐ Open  discussion  of  site  characterization  methods  based  on  lessons  learned, 

perspectives, and needs from all participants 

15:00 – 15:20  BREAK 

15:20 – 17:30  POST‐CLOSURE SAFETY ASSESSMENT (CHAIR: SNL ‐ G. FREEZE) 

1. Application of the Safety Assessment Methodology (G. Freeze, SNL) 

‐ Features, events and processes (FEPs) and scenarios for crystalline host media 

‐ Safety assessment modelling  

2. Insights from Safety Assessments for Mined Repositories in Crystalline Rock (P. Swift, SNL) 

‐ Integration with research and development programmes  

3. Group Discussion 

‐ Open discussion of safety assessment needs from all participants 

19:00 – 22:00  DINNER IN THE HISTORICAL CENTRE OF PRAGUE (HOSTED BY RAWRA) 

 

DAY 3 – WEDNESDAY 26 SEPTEMBER 2012 

8:00 – 10:30    SITE  SCREENING  AND  SITE  CHARACTERIZATION  –  TOPICS  OF  INTEREST  I 
(RAWRA ‐ J. MIKŠOVÁ(CGS ‐ T. PAČES) 

1. Modelling  Hydrogeology  and  Hydrochemistry  in  Support  of  Safety  Assessment  for 

Radwaste  Repositories  in  Fractured  Rocks  ‐  Case  Studies  and  Lessons  Learnt  From 

Sweden and Finland (J. Molinero, Amphos21) 

2. Simulating Flow and Transport in Fractured Media (A. Pueschel, GRS) 

3. Topics related to site screening and characterization focused on field work  

a. Geological  mapping  and  structural  research:  implication  for  High  Level  Waste 

Disposal  

(J. Pertoldová/K. Verner,CGS) 
b. Application  of  geophysical  airborne  and  surface methods  for HLW  disposal  (M. 

Karous, Geonika) 

c. Application of well logging for study of granitoid massif for storage of radioactive 

waste‐ 

(J. Lukeš/M. Procházka/M Pitrák, Aquatest) 
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d. Uncertainties  in hydrodynamics  and hydrochemistry  in  granites  considered  as  a 

host rock for spent nuclear fuel  in the Czech Republic (T. Pačes/L. Rukavičková, 

CGS) 

e. Data management (J. Mikšová, RAWRA) 

f. Linking communication theories into the Czech reality (L. Steinerová, RAWRA) 

10:30 – 10:50  BREAK 

10:50 – 12:15  SITE  SCREENING  AND  SITE  CHARACTERIZATION  –  TOPICS  OF  INTEREST  II 
(RAWRA ‐ J. MIKŠOVÁ/CGS ‐ T. PAČES) 

4. KURT (KAERI Underground Research Tunnel) Activities and Prospects (Y.K. Koh, KAERI) 

5. Grimsel Test Site ‐ Nagra’s competence center for studies  in fractured rock Formations 

(I. Blechschmidt, Nagra) 

6. Group Discussion 

‐ Open discussion of site screening and characterization topics based on lessons learned, 
perspectives, and needs from all participants 

‐ Identification of opportunities for collaboration  

12:15 – 13:30  LUNCH 

13:30 – 15:30  FINALE (SNL – A. ORRELL /RAWRA ‐ J. SLOVÁK ) 

1. Feedback and Lessons Learned  

‐ Peer  review/group  discussion  regarding  approaches  to  crystalline  rock  repository 
programme development in participating countries 

2. Summary 

‐ Cooperation, joint statements, action 

3. Close of Prague part of SV. 

15:30 – 16:30  BREAK 

16:30      TRANSFER TO THE JOSEF REGIONAL UNDERGROUND RESEARCH CENTRE 

‐ Transfer  by  bus  from  Prague  to  a  village  located  near  to  the  Josef  Facility, 

accommodation. 

19:00 – 22:30  DINNER  

‐ Informal dinner at a local pub. 

‐ Discussion on a potential “Crystalline Host Rock Club” (CHRC) – mapping of interest of 

the establishment of  a working  group or platform made up of  countries  in which 

crystalline rock  is being considered as the host rock  for eventual radioactive waste 

disposal. 
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DAY 4 – THURSDAY 27 SEPTEMBER 2012 

 8:00 – 14:00    JOSEF REGIONAL UNDERGROUND RESEARCH CENTRE  

8:00     Departure from the hotel  

8:30    Welcome – Josef URC 

9:00     Josef URC Presentation – Main Activities and Strategies (J. Pacovský, CEG) 

9:30 ‐ 12:00  Josef URC visit  

12:00 ‐ 14:00  Refreshment 

14:00     Departure from Josef URC  

15:00 TO 16:00 ARRIVAL BACK IN PRAGUE 

 

CLOSE OF SCIENTIFIC VISIT 

 



Proceedings of Scientific Visit on Crystalline Rock Repository Development 
February 28, 2013 

B-1 

APPENDIX B: PARTICIPANTS  
 

country gendre  family name given name e-mail address institution

Poland Mr. Banach Marcin banach@zuop.pl Radioactive Waste 
Managment Plant 

CR Mrs. Bečvaříková Tereza becvarikova@rawra.cz RAWRA 

Switzerland Mr. Blechschmidt Ingo ingo.blechschmidt@nagra.ch NAGRA 

Romania Mrs. Dogaru Daniela daniela.dogaru@cncan.ro National Commision 
for Nuclear Activities 
Control 

CR Mrs. Dvořáková Markéta dvorakova@rawra.cz RAWRA 

USA Mr. Freeze Geoff gafreez@sandia.gov Sandia 

USA Mr. Hardin Ernest ehardin@sandia.gov Sandia 

CR Mrs. Havlová Václava hvl@ujv.cz NRI 

CR Mr. Hokr Milan milan.hokr@tul.cz TUL 

CR Mr.  Karlovský Jan karlovsky@rawra.cz RAWRA 

CR Mr. Karous Miloš karous@geonika.com Geonika 

Korea Mrs. Kim In-Young iykim@kaeri.re.kr Korea Atomic Energy 
Institute 

Korea Mr. Koh Yong-Kwon nykkoh@kaeri.re.kr Korea Atomic Energy 
Institute 

Slovakia Mr. Kovacik Miloš kovacikengeo@stonline.sk EN-GEO Consult 

CR Mrs. Královcová Jiřina jirina.kralovcova@tul.cz TUL 

CR Mr. Lukeš Jiří lukes@aquatest.cz AQUATEST 

USA Mr. Mariner Paul pmarine@sandia.gov Sandia 

CR Mrs. Mikšová Jitka miksova@rawra.cz RAWRA 

CR Mr. Mixa Petr petr.mixa@geology.cz CGS 

Spain Mr. Molinero Jorge jorge.molinero@amphos21.com Amphos 21 

USA Mr. Orrell Andrew sorrell@sandia.gov Sandia 

CR Mr. Pacovský Jaroslav pacovsky@fsv.cvut.cz CEG 

CR Mr. Pačes Tomáš tomas.paces@geology.cz CGS 

CR Mrs. Pertoldová Jaroslava jaroslava.pertoldova@geology.cz CGS 

CR Mrs.  Pospíšková Ilona pospiskova@rawra.cz RAWRA 

CR Mr. Prachař Jan prachar@rawra.cz RAWRA 

CR Mr. Procházka Martin prochazka@aquatest.cz AQUATEST 

Germany Mrs. Pueschel Anne anne.pueschel@grs.de GRS 

Pakistan Mr. Shah Zia Hasnain zia19552003@yahoo.co.in DGNFC, PAEC 

Lithuania Mr. Sirvydas Arunas arunas@mail.lei.lt Lithunian Energy 
Institute 

CR Mr. Slovák Jiří slovak@rawra.cz RAWRA 

Romania Mr. Sorescu Antonius antonius.sorescu@andrad.ro National Agency and 
Radioactive Waste 

CR Mrs. Steinerová Lucie steinerova@rawra.cz RAWRA 

Germany Mr. Steininger Walter walter.steininger@kit.edu KIT 

CR Mr. Svoboda Jiří jiri.svoboda@seznam.cz CEG 

USA Mr. Swift  Peter pnswift@sandia.gov Sandia 
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CR Mr. Šembera Jan jan.sembera@tul.cz TUL 

CR Mrs.  Škvorová Ivana skvorova@rawra.cz RAWRA 

Mexico Mrs. Vázquez Ponciano Regina rvponciano@energia.gob.mx Nuclear Energy 
Department 

CR Mr. Vencl Marek vencl@rawra.cz RAWRA  

CR Mr. Verner Kryštof krystof.verner@geology.cz CGS 

CR Mr. Vokál Antonín voa@ujv.cz NRI 

Switzerland Mr. Vomvoris  Efstratios stratis.vomvoris@nagra.ch NAGRA 

England Mr. Whittleston Robert robert.whittleston@nda.gov.uk NDA 

CR Mr. Woller František fwoller@seznam.cz RAWRA's consultant 
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Ladies and gentlemen, 
 
I would like to warmly welcome you to the scientific exchange meeting 
here in Prague. The meeting was designed to promote technical 
information exchange between participants from those countries engaged 
in the investigation and exploration of crystalline rock massifs for the 
eventual construction of nuclear waste repositories. 
 
I am very happy that this meeting has attracted so many respected 
experts from a total of 13 countries.  
 
This event provides an ideal opportunity for specialists to meet and 
exchange their knowledge on the future development of radioactive 
waste disposal. 
It also provides an opportunity for the establishment of potentially fruitful 
relationships between the various agencies involved which, it might be 
hoped in the future, will lead to mutually beneficial cooperation not only 
in terms of the conducting of research projects, but also with regard to 
the exchange of staff and the establishment of personal relationships 
between the experts involved which can only be for the good of all 
concerned.  
In particular, we can learn from the mistakes that have been made in the 
past in terms of DGR siting and perhaps decide that this meeting will not 
merely be a “one-off”, but that it becomes a regular exchange of ideas. 
This event represents a unique meeting of countries which are working on 
the development of DGRs in granitic environments however, most 
importantly, it is not just about presentations, but also about gathering 
information and the exchange of views on the value of the workshop 
itself.  
I dare to hope that one of the outcomes of the exchange visit will consist 
of the establishment of a “CLUB”, the missions of which will be to identify 
and subsequently address the various technical challenges that confront 
the disposal of radioactive waste in crystalline rock environments and to 
constantly map progress on this issue among countries that are focused 
on granite rock disposal. 
I would like to thank Sandia National Laboratories, and Mr. Andrew Orrell 
in particular, for their contribution to this event and, of course, the IAEA 
for their financial support. 
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Finally I would like to wish everyone here a fruitful and enjoyable 
exchange meeting and a pleasant few days’ stay here in Prague. 
 
Thank you  
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Radioactive Waste 
Management 

in the Czech Republic

Radioactive Waste Repository Authority

Jan Prachař

Managing Director
2012

Nuclear sites in the Czech Republic

Temelín

Dolní
Rožínka

Dukovany

Richard

Bratrství
Řež

Praha

Repository

Research Reactor

SF Storage

Uranium mine

NPP in operation

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-4 February 28, 2013



Radioactive Waste Management Principles

The state guarantees safe disposal of all radioactive waste

••FramedFramed by by thethe AtomicAtomic ActAct No. 18/1997No. 18/1997

Policy for Radioactive Waste Management and Spent Fuel ManagemenPolicy for Radioactive Waste Management and Spent Fuel Management (approved by the Czech t (approved by the Czech 
government on 15 May 2002, resolution No. 487)government on 15 May 2002, resolution No. 487)

– Waste producers are responsible for safe management

– RAWRA is responsible for disposal

– Nuclear account established to collect financial means for disposal

– NPP operator is responsible for NPP decommissioning and processing of RW before its final disposal

– NPP operators shall create financial provisions to cover the cost of future NPP decommissioning

– Import of RW is forbidden

Low and Intermediate Level Waste

• Amount - 41400 m3 up to 2100 

• Collection, sorting, treatment, conditioning, transport, storage - RW generators´ responsibilities

• RW disposal – RAWRA´s responsibility

• 3 Repositories in operation : Dukovany, Richard, Bratrství

• Closed repository Hostim - monitoring

• Supervision State Ofice for Nuclear Safety - regulator
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Repository Dukovany

Disposal of LLW/ILW 

Capacity 55 000 m3

Operation since 1995

Until 2100

Repository Richard

Disposal of LLW/ILW from institutionsDisposal of LLW/ILW from institutions
Capacity 8 000 mCapacity 8 000 m33

Operation Operation sincesince 1964 1964 until 2070until 2070
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Repository Bratrství

Disposal of LLW/ILW Disposal of LLW/ILW withwith
naturalnatural radionuclidesradionuclides
Capacity Capacity 11 2200 m00 m33, , 
85 % 85 % usedused
Operation Operation sincesince 1974 1974 until until 
20203300

High Level Waste Management

Supposed waste amount for the geological repository

6 reactors in operation and 3 intended

• HLW - NPPs Dukovany and Temelin 3000 m3

• HLW - new units 2000 m3 

• SNF - EDU 1 (4 reactors)     1940 t (40 years operation)
• SNF - ETE 1 (2 reactors) 1790 t (40 years operation)
• SNF - new 3 reactors (TE 2+DU 1) up to 5000 t (60 years operation)

Required space for 5 862 disposal containers 

2 047 disposal containers (440 type)

1 124 disposal containers (1 000 type)

2 691 disposal containers (new type)

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-7 February 28, 2013



NSF storage

2 storage facilities

•NPP Dukovany 

•NPP Temelín

•SNF is a property of

NPP´s operator ČEZ 

•Castor casks

HLW / SNF Disposal Concept Reference Design 1999

Geological Repository 
Scandinavian disposal concept 

adopted for Czech condition

Capacity: 

4000 t of SF

3000 m3 of HLW

Operation in 2065

10
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Timing

Reference option - direct disposal of SNF in GR

2015/ 2018 – Two suitable sites – main and alternative

2025 – Safety approvement of the main site

2030 – Construction of Underground Research Laboratory

2065 – Commissioning of the GR 

11

Reference design 2011

12
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Optimalisation of the Refence projet 2012

Finishing this year, last Reference project done in 1999

Actualisation of :

•Technologies 

•Amount of waste

•Transport system

•Safety

•Inviromental impact

•Costs

•Design

13

Legislation

2012  The State Energetic Concept Actualisation

Encouraging nuclear energy

NPP Temelin 2 new units

NPP Dukovany 1 new unit

Actualisation of the RWM Concept

14
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Site selection phases

15

1

Selected Sites for GR – granitic rock

Preliminary site selection

1 Čertovka
2 Březový potok        
3 Magdaléna                    
4 Čihadlo               
5 Hrádek                
6 Horka

2
3

4

5

6
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2 additional sites in consideration

17

Supposed Site selection proccess 2012 – 2018

Geological survey on site 

at the 4 sites
Parallel geophysical and geochemical 

landscape survey

Drilling of boreholes (5 – 500 m, 2 (3) 1000 m)

Rock characterization – in situ measurements

laboratory research

Environmental site specific studies

At the each sites with suitable geology:

Design of the GR 

Feasibility Study 

Preliminary Safety Case

Environmental impacts study

18

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-12 February 28, 2013



Public involvement

By the ARGONA project - first public hearing in May 2009 

• November 2009 – National conference – „Deliberation - Way to the Deep Geological Repository“

– under the auspices of the minister of industry and trade

– First „round table“ discussion across all stakeholders

• June 2010 – „round table“ discussion how to establish transparency and open dialogue with all stakeholders

– First discussion about establishing „Working group for Dialogue“ independent discussion forum for set up 
transparency site selection with involving public

• November 25th, 2010 – first meeting of 

Working Group for Dialogue

19

Public involvement principles

Voluntarism as a primary principle

Call to local municipalities to participate on the site selection process

Geological survey start only on the site where municipalities want to participate

Benefits for local municipalities 

Direct annul payment to municipality only on the site

where RAWRA will have licence for geological survey 

9/2011 – update Atomic act. 

Annually maximum 4 M CZK (160 T €) per municipality

Fixed 600 T CZK + 0,30 CZK per m2 of exploratory area

20
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Thank you for your attantion

www.rawra.cz

21
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1

Radioactive Waste 
Management in Switzerland –
Recent Advances and Outlook

Crystalline Rock Repository Development 
24-27 September 2012, Prague

Dr. Stratis Vomvoris

Waste management in Switzerland / Vos2

Swiss waste management concept

Two geological repositories (legal requirement):
 Spent fuel and vitrified high level waste  ➙ HLW repository
 Long-lived intermediate waste ➙ HLW repository (co-disposal)
 Low and intermediate waste (L/ILW) ➙ L/ILW repository

24SEP2012
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2

Waste management in Switzerland / Vos3 24SEP2012

5 Nuclear Power Plants (3253 MWe)

KKL Leibstadt (1984) 1165 MWe

KKB-I Beznau (1969) 365 MWe

KKB-II Beznau (1971) 365 MWe

KKG Goesgen (1979) 985 MWe

KKM Muehleberg (1971) 373 MWe

0 100 200 300 km

Nuclear energy in Switzerland

Nuclear energy in Switzerland

 2011: Decision of the Federal Government on a revised 
energy policy, confirmed by both Chambers of Parliament
- Staged phase-out until approx. 2034
- No new nuclear plants of generation 3 or older will be built

 As a consequence, a revised Law on Nuclear Energy will be 
presented by the Federal Government later this year
 A national referendum on the revised law is expected 

in 2 - 3 years

 April 2012: Presentation of “Energy Strategy 2050” by Federal 
Government
- Focus on increased energy efficiency and the expansion of 

hydropower and renewable energies
- “If necessary”: fossil fuel-based electricity production 

(gas-fired combined-cycle power plants) 

Waste management in Switzerland / Vos4 24SEP2012
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3

Waste management in Switzerland / Vos5

Swiss concept for HLW/SF1 and LL-ILW2 repository

24SEP2012

 Test area (rock laboratory)
 Access tunnel
 Ventilation and construction shafts

1 High-level radioactive waste and spent fuel
2 Long-lived intermediate level radioactive waste

 HLW/SF repository
 LL-ILW repository
 Pilot repository

Sectoral Plan 'Deep Geological Repositories'

Waste management in Switzerland / Vos6 24SEP2012

 Process and responsibilities

 Criteria (safety, environmental 
impact, socio-economic issues)

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-39 February 28, 2013



4

7

Sectoral Plan – Site Selection Process

Waste management in Switzerland / Vos24SEP2012

Waste management in Switzerland / Vos8

Proposed siting regions – October 2008 

 As

 A result of systematic application of requirements of Sectoral Plan

 Considered the geological possibilities of the whole of Switzerland

 Derived in a transparent step-wise narrowing-in process based on safety 
and engineering feasibility

24SEP2012

30 November 2011
 Government approval
 Stage 1 completed
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5

Waste management in Switzerland / Vos9

Sectoral Plan Process: Stage 2 (2012 – )

Selection of at least 2 sites based on criteria that include:
1. Preliminary safety analysis 

2. Engineering pre-studies including surface infrastructure 

3. Socio-economic-ecological studies

Site-specific evaluation
and comparison –

proposals by Nagra

Led by the Swiss 
Federal 

Office of Energy

Stage 1 Stage 2

Strong regional and local participation component

24SEP2012

Waste management in Switzerland / Vos10 24SEP201210

Stage 2: Selection of sites for the surface facilities

 Nagra proposed  20 areas
for siting of surface facilities 
on January 20, 2012

 Selection criteria 
- Safety and engineering 

feasibility

- Environmental protection 
and land use planning

- Integration of facilities in 
the siting region

 Step-by-step process 
- Presentation to the local 

population in February and March 2012, under the lead of SFOE 
(15 events, incl. 2 in Southern Germany)

- Discussion of proposals within “regional conferences” 
(a region may propose alternative siting areas)
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6

Waste management in Switzerland / Vos11

Example of proposed site

24SEP2012

Participation in Stage 2 – Regional Conferences
Activities:

 Discussion of 
surface facilities

 Studies related 
to land use and 
socio-economic 
aspects 

 Projects for the 
sustainable 
development of 
the region

Waste management in Switzerland / Vos12 24SEP2012
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7

Waste management in Switzerland / Ett13

Nagra performed and submitted to the authorities (ENSI) 
provisional analyses in order to:

04.07.2012

Highlights of scientific and engineering activities 1/2

 verify that the state of
knowledge of the
geological conditions at
the sites is sufficient to
perform the safety-based
comparison of the siting
regions

 confirm that the planned
investigations will be
sufficient for Stage 1 and
Stage 2

The authorities approved
Nagra’s conclusions. 

Alternative canister materials for SF/HLW

Waste management in Switzerland / Ett14 04.07.2012

 Copper-shell (~ available)

 Ceramics (concepts available, 
developments needed
 inherent material properties)

 Possibility for copper coating
is being investigated

Highlights of scientific and engineering activities 2/2  
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8

Stage 2: Field investigations

Waste management in Switzerland / Ett15 04.07.2012

 2D-seismic campaign between October 2011 and March 2012
- HLW siting regions “Jura Ost” 

and “Nördlich Lägeren” 

- LLW siting regions “Südranden” 
and “Jura Südfuss”

- > 300 km 2-D lines

- Interpretation ongoing

Participation in investigations of 3rd parties

04.07.2012 Waste management in Switzerland / Ett16

A broad range of
information
 Cores (& lab programme)

 Geophysical logs

 Hydraulics

 Rock stress…
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Waste management in Switzerland / Vos17 24SEP201217

Grimsel Test Site

Mont Terri Project

Crystalline rock

Opalinus Clay

Research at underground rock laboratories

Waste management in Switzerland / Vos1818

Next steps in the site selection process
Stage 2: Selection of at least two sites for each repository

 Evaluation of the sites proposed in January 2012 by the authorities 
and regional conferences (includes any additional sites proposed by the 
regional conferences)

 Narrowing-down the number of sites and proposal of at least 2 sites 
for L/ILW and 2 sites for HLW/SF repository

 Evaluation of the specific proposals by the authorities and commissions 

 Recommendations (Federal Office of Energy) to the Federal Government

 Evaluation by the Federal Government and final decision (2015/2016)

Current activities at Nagra: 

- Support the site selection process

- Safety assessments and engineering designs

- Preparation of site exploration programmes

24SEP2012
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Waste management in Switzerland / Vos1919

Next steps in the site selection process

Stage 3: Selection of one site for each repository

 Field investigations, including seismic and deep boreholes, at the 
sites selected in Stage 2

 Analyses of results and selection of 1 site for each repository based on: 
- Safety case
- Comprehensive socio-economic analysis
- Environmental impact analysis
- Overall evaluation 

 General license application

Decision of the Federal Government  Site permit

Facultative national referendum

24SEP2012

thank you
for your attention
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NDA status update – UK waste 
disposal programme

2

Responsibilities

• Non-departmental Public Body 

established in April 2005

• Remit to clean up the civil public 

sector nuclear wastes

• Sites and facilities built from 1940s 

onwards

• Annual funding of ~£2.8Bn

• Based in West Cumbria with regional 

offices

• Responsible for 19 former UKAEA 

and BNFL sites & integrated waste 

strategy

“To deliver safe, sustainable and 

publicly acceptable solutions to the 

challenge of nuclear clean-up and 

waste management.”
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Legacy wastes

3

Higher activity wastes

4
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Defence wastes

5

UK waste inventory

6
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Managing Radioactive Waste Safely 

• White paper published 12 June 2008

• Government’s framework for managing higher 
activity radioactive waste through geological 
disposal

• Communities invited to open discussions with 
Government about possible future hosting 
facility – without commitment

• Community benefit package

NDA as implementing body committed to:

• Programme of R&D

• Development of RWMD into delivery 
organisation

• Preparation and planning for geological 
disposal

7

Conceptual Geological Disposal Facility

8

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-50 February 28, 2013



ILW multi barrier concept

9

HLW and SF reference concept (SKB)

10
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MRWS site selection process

11

Stage 1:
Invitation issued and Expressions of 
Interest from communities

Stage 3:
Community consideration leading to Decision 
to Participate

Stage 4:
Desk-based studies in participating areas

Stage 5:
Surface investigations on remaining 
candidates

Stage 6:
Underground operations

Stage 2:
Consistently applied ‘sub-surface 
unsuitability’ test

Advise Community not suitable

Unsuitable

Suitable

11

12

Interest

In 2008 UK communities invited to express 
interest:

• 2008/9 West Cumbria MRWS Partnership 
established from 2 communities who 
expressed interest - (Stage 1) 

• Hard rock overlain by sedimentary 
succession

• British Geological Survey (BGS) screening 
reported in 2010 (Stage 2)

• Indicative programme suggests a decision on 
whether to participate due late 2012 (Stage 3)
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Going forward

Key milestones in the program:

• Late 2012 – Decision whether to 
participate  expected from West Cumbria 
County Councils

• Progression to Stage 4 Desk Studies

• 2015 – Surface investigations, Stage 5

• 2025 – Underground operations, Stage 6

• 2040 – First waste emplacement

13

2015

2025

Current position

Other developments

Programme Acceleration:

• Government proposed program 
acceleration, enabling emplacement 2029

• Subject to ongoing reviews

• Planning for S5 investigations during S4 

• Running investigations in parallel at the start 
of S5

Research step change:

• Progression to larger scale experiments, 
concept optimisation

• Increase participation in international 
programmes, e.g. URLs

• Demonstration experiments

14
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Questions?

15
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1

0

Current Status of
Radioactive Waste Management in Korea

Sep. 24, 2012

Inyoung KIM & Yongkwon KOH

Korea Atomic Energy Research Institute

Sep. 24, 2012

Inyoung KIM & Yongkwon KOH

Korea Atomic Energy Research Institute

The Scientific Visit on Crystalline Rock Repository Development
September 24-27, Prague, Czech Republic

11

Nuclear Energy Program and SF Generation 

National Framework for Radioactive Waste 
Management

LILW Management

R&D Activities for HLW Disposal
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2

2

Nuclear Energy Program 
and SF Generation

33

Nuclear Energy Program

`
In operation

21 units
(18,716 MW)

`
Under
construction

7 units
(8,600 MW)

`

Under
Planning(W,K)

4 units
(5,600 MW)

Yong-gwang 
6 units(PWR)

Kori
5 units(PWR)

Ulchin
6 units(PWR)

Wolseong
4 units(PHWR)

In Operation
Under Construction

LILW Disposal 
Facility
(under construction)
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3

4

Spent Fuel Generation

u All SFs are storing at ARs of which storage capacities could be saturated
from 2016 ; KHNP are trying to expand until the mid. 2020’s.

u Further long-term SF management: interim storage and continuous R&D
to reduce SF inventory

v Annual Spent Fuel Generation 720t/yr

CANDUCANDU PWRPWR

v Projection of Spent Fuel Generation

u 20 t/yr, unit
u 17 units
u 340 t/yr

u 95 t/yr,unit
u 4 units
u 380 t/yr

11,964 t, in 2011

5

Spent Fuel Storage at NPPs

u Kori
§ Unit 1 : Transshipment to Units 3&4
§ Unit 3&4 : Addition of high density racks

u Ul chin
§ Unit 1&2  :  Full re-racking of AR pool

u Young kwang
§ Unit 1 : Transshipment to Units 3&4

u Wol song
§ Unit 1 :  300 Concrete silos for 162,000 bundles

Site Capacity Saturation Accum.

Kori 5,971 2016 4,701
Yong-
gwang 7,154 2016 4,671

Uljin 5,550 2017 3,906
Wolsong 499,632 2018 344,456

Total 518,307 357,734

* As of Dec. 2011 (Unit : Assemblies)
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Expansion of SF Storage Capacity

PWR SFPWR SF
PHWR(CANDU) SFPHWR(CANDU) SF

High Density Reracking

Transshipment between NPPs

① Concrete Silo

② MACSTOR/KN-400

7

National  Framework for 
Radioactive Waste 
Management
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253rd AEC’s Decision (Dec. 2004)253rd AEC’s Decision (Dec. 2004)

u Final repository for LILW should be constructed by
2009.  à Delayed until 2014 for safety reason

u Spent Fuel Management 
- All SF will be stored at sites until the middle of 2020s.
- Future national policy for SF management will be decided 
through public participation taking into consideration of nat’l 
and int’l trends on policy and technology development.

lThis Act has been effective  since January 1st, 2009.
l Key contents are: 

① Establishment of a new Org. as a implementer for RWMA
à Korea Radioactive Waste Management Corp (KRMC)

② Establishment of the RW Management Fund 
which is paid by the Radioactive Waste generator(s).
à KRMC is responsible for managing the RWM Fund
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AEC

※ ACRONYMS
AEC:  Atomic Energy Commission
NSSC: Nuclear Safety and Security Commission
KINS: Korea Institute of Nuclear Safety
KINAC: Korea Institute of Nuclear Nonproliferation and Control
KEPCO: Korea Electric Power Corporation
KRMC: Korea Radioactive waste Management Corporation
KAERI: Korea Atomic Energy Research Institute

NSSC

Regulatory Work

NuclearMat’l Control

Ministry of 
Knowledge & Economy

Ministry of
Education, Science & Tech.

Nuclear ResearchElectric Power Co.

Hydro &
Nuclear Power

A/E + NSSS 
Design

Nuclear
Fuel Supply

Rad. Waste Manage

PresidentPresident

Prime MinisterPrime Minister

11

ü Basic and fundamental technologies 
development for management of HLW
from AFC and other future reactor 
system

*  MEST/KAERI is focusing on the 
development of AFC.  Rad. Waste Manage

Nuclear Research

ü Final management of all kinds of radioactive 
waste produced in Korea

ü KRMC is responsible for implementing 
radioactive waste management projects like 
transportation, storage and disposal.
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Mission & Organization of KRMC

Mission
Transport & Disposal of Low- and Intermediate-Level Wastes
Interim Storage & Disposal of  Spent Fuels
Siting, Construction & Operation of  RWM Facilities
R&D on Radioactive Waste Disposal and SF Management
Administration of RWM Fund for the Government

Organization
HQ : 3 Divisions, RWM Fund Management Center, 
Wolsong LILW Disposal Center

Employees : 250

Long-term Management Policy of Spent Fuel

KRMC has proposed strategies for SF management 
through an internal consensus of domestic nuclear 
community. 

Consequently, SF stored at the plant sites will 
remain for more some time until the national long-
term management plan of SF will be finalized in 
near future through public involvement (MKE).  

Progress in National Plan
for Long-term SF Management
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Long-term SF Management Plan(Draft)

• Direct Track  (Blue): CANDU SF after NPP Shutdown, Silo Storage, D&D / PWR SF after Storage
• Re-use Track (Orange): after 30 yr storage of pyroprocessed waste from 2040

AlternativesAlternatives

SF/HLW Disposal System Development to support Government
2002 2007 2012 2017 20221997

Concept
Development

Concept
Development KRS designKRS design A-KRS

Conceptual Design
A-KRS

Conceptual Design DemonstrationDemonstration A-KRS+
Development

A-KRS+
DevelopmentMilestoneMilestone

• SF direct disposal 
system(KRS) 
development

• Construction of 
KURT

• Conceptual Design 
of Pyrowaste 
Disposal System

• Modeling of KURT 
site characteristics

• 1/3 Scale EBS 
Manufacturing & 
Performance 
Evaluation

• Safety Case 
Development of 
KURT site

• Retrievable Disposal 
System Development

• Upgraded EBS &  
Performance 
Evaluation

• Concept Analysis, 
R&D strategy

• Safety Evaluation

Interim Storage
CANDU SF
Disposal

KAPF construction (30 t/yr) Pyroprocess HLW Disposal

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

PWR SF
Disposal

2000

SF Management

15

LILW Management
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LILW Disposal Site(Gyeong-Ju)

Wolseong#1,2,3,4

Shin-Wolseong 
#1,#2

LILW disposal site
(2.1 km2)

GyeongJu was designated as the final 
candidate site for a LILW disposal facility on 
Nov. 2 in 2005.

l Altitude : ≥ 30 m from sea level

l Disposal capacity : total 800,000 WP (100,000 packages for the 1st stage)

17

Disposal Method

n Silo type (underground)
n 80~130m below ground (1st stage)
n D24m x H50m (internal)
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Disposal Site

Surface  Facilities

Environ.  Friendly Complex

18

Bird’s-eye View of LILW Disposal Facility

- Op. Tunnel: Transportation of RW
- Construct. Tunnel: Transport. of 

construc. equipment & Mat’ls
- Shaft: Entrance for workers
- Silo: Final disposal of RW

Underground Facilities

[Portal] [Shaft Entrance]
19

LILW Disposal Facility Construction

• Project Approval by MKE(2007.7)
• Const. & Op. License of MEST  (2008.7)
• Operation (2014.6)

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-64 February 28, 2013



11

20

Excavation rate: 100% (1,415m/1,415m)

■ Construction Tunnel■ Operation Tunnel

■ Overall Progress Rate : 87.9% (August, 2012)

Excavation rate: 100% (1,950m/1,950m)

LILW Disposal Facility Construction

21

R&D Activities 
for HLW Disposal
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Advanced Nuclear Fuel Cycle 

Saves disposal space by a factor of 100
Shortens the management period to a few hundred years
Increases U utilization by a factor of 100
Ensures intrinsic proliferation resistance

A-KRS

Pyroprocessing

’97 ’07 ’16

Bench-scale
Inactive test

PRIDE
Inactive test

~ g U/batch

R
es

ea
rc

h 
ac

tiv
ity

’12

PRIDE
Optimization

~10 tHM/yr

~ 10t U/yr

Lab-scale
Inactive test

~ kg U/batch

u Purposes
¢ Increase throughput
¢ Simple and easy operation mode
¢ Reduce waste volume

u Improvement 
¢ Graphite cathode 
¢ Crystallization method 
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24

Current Activities for HLW 
Management Programme

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

HLW Disposal

Final site

Site 
characterization Construction

Trial 
operation
(CANDU SF)

Operation

Disposal of
Pyro HLW

619 t/yr 43 t/yr

TSPA of A-KRS

In situ experiments
at KURT

• Development of 
disposal system 
for pyro-
processing wastes

• Establishment of 
TSA

• Development of Korea Repository 
System A-KRS system 

development 

Safety 
assessment

Geoscientific
study

EBS THMC

Nuclide 
migration

1997 2007 2012

Fundamental
Studies

Demonstration 
Studies in 

KURT 

25

2016
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R&D Projects for HLW Disposal
Technology Development

26

To develop the Advanced Korean Reference disposal System
to integrate all HLW and LLW to be generated in the future Objective

- feasible   
- safe    
- confident

Reference System
(A-KRS)

A. System  Development

- Source-term Character.
- Disposal sys. design

& assessment
- National policy

C. Geoenvironment

Research Tunnel

Test borehole
Packer

- Groundwater 
- Tectonics
- Geology
- In-situ hydraulic

tests (KURT)

E. Nuclide Migration 

- AT/FP migration 
tests in reducing
condition 

- Database

D. Demonstration of EBS Performance

- Eng. Scaled THM behaviour 
experiments

- EDZ characterization
- Basic study for Demonstration 

and Validation of EBS perform.

B. TSPA Study

-Safety assess. of
disposal system

- QA system

공학적방벽 성능실증기술 주요 연구결과

Research topics

Metal Waste

High-thermal 
Wastes

Long-lived Ceramic HLW

EL 
200 m

EL 
500 m

Geological Repository: A-KRS 27

① Source-term analysis for 
HLW from pyro-processing

② Design of EBS and layout
③ Performance analysis
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① Development of the scenarios for the post-
closure safety assessment 

② Post-closure safety assessment of the A-KRS 
③ Operational safety assessment of the A-KRS 

using the PSA tools.

Research topics
Development of the scenarios

Operational safety assessment

Post-closure safety assessment

28

29

l Objectives
• To understand long-term stability of geological environment
• To provide basic data for understanding of deep environment
• To support the establishment of siting program

l Korea Radioactive Waste Management Cooperation started R&Ds related on
• Interim storage for spent fuel (from 2009)
• Siting for deep geological disposal (from 2010)

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-69 February 28, 2013



16

3030
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National Repository

Pakistan Atomic Energy Commission

Syed Zia Hasnain Shah
Director, NR

 Pakistan – an introduction
 Sources of radioactive waste in Pakistan
 Waste management obligations 
 RWM – policy
 RWM-strategy
 Repository development Program 
 General site selection criteria
 Potential rocks/sites identification
 Current status & challenges
 Exposures of clay Formation
 Summary

2
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 Pakistan is situated in South Asian region 
between longitudes 61º & 76º E and latitudes 
24º & 37º N covering a total land area of 
796,095 sq. km. 

 Pakistan may be divided into four geographic 
regions

 The plateau of W Pakistan

 The plains of the Indus and Punjab rivers 

 The hills of NW Pakistan 

 The mountains of N Pakistan

4
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 Himalayas, Hindukush and Karakuram Ranges 
meet in the Northern Pakistan. 

 In rest of the country there is a belt of sub-
mountain Potwar plateau and Salt range, 
western bordering highlands the Balochistan
plateau and southern Indus plain. 

 The country shares its borders with Iran to the 
West, India in the Southeast, Afghanistan in the 
Northwest, and China in the North. 

5

 The country has a generally hot and dry 
climate, with desert conditions prevailing 
throughout much of the area 

 The Indus is the chief river of Pakistan and is 
the nation's lifeline. It flows the length of the 
country and is fed by the combined waters of 
three rivers i.e Chenab, Jhelum, and Ravi.

 Along the Indus and its tributaries are found 
most of Pakistan's population, its chief 
agricultural areas, and its major hydroelectric 
power stations.

6
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SOURCES OF RADIOACTIVE WASTE 
IN PAKISTAN

Radioactive Materials

Nuclear Power Research Medicine Industry

Radioactive Waste

8

MAJOR GENERATORS OF MAJOR GENERATORS OF 
RADIOACTIVE WASTE IN  PAKISTANRADIOACTIVE WASTE IN  PAKISTAN

1.1. Nuclear Power 

 KANUPP 137MW(e)   CANDU TYPE Karachi, Since 1972

 CHASNUPP-1 300MW(e)    PWR (China) Chasma, Since 2000

CHASNUPP-2 300MW(e)    PWR (China)         Chasma, Since 2011

CHASNUPP-3&4      300MW(e) PWR (China) Under Construction,2016-17

 Planned ~8800MW(e) - By 2030

2. Research and Development

 PINSTECH Research Center    Research Labs./Isotope Production Plant

Research Reactors PARR - 1 & 2

3. Nuclear Medical Centers

4. Nuclear Agriculture Centers

5. Industries

6. Universities 
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WASTE MANAGEMENT OBLIGATIONSWASTE MANAGEMENT OBLIGATIONS

 Pre-Disposal

(Pretreatment, Treatment & Conditioning of  Solidified RAW)

Responsibility of Waste Generators

 Disposal
(Off site transportation, repository development & disposal 
of conditioned RAW)

Responsibility of Directorate General National Repository

 Approved statement of National Policy, issued on 17th February 2011, 
is as under:-

 “1 . Radioactive waste is generated by Nuclear Power Plants, 
Nuclear Research Reactors, radioactive sources used by industry and 
hospitals and research establishments. This radioactive waste needs to 
be properly managed and stored at safe and secure purpose built sites 
to protect human health and environment. PAEC, the main producer
of the radioactive waste, is managing it with safety and security and 
storing it at PINSTECH and KANUPP. Safe management of 
radioactive waste in Pakistan will be ensured by SPD/PAEC. The 
finances of radioactive waste will be managed through Central 
Radioactive Waste Management Fund (RWMF) established and 
maintained by PAEC for the safe management of radioactive sources 
in the country. 

10

NATIONAL POLICY ON CONTROL AND SAFE MANAGEMENT 
OF RADIOACTIVE WASTE

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-119 February 28, 2013



 2.     As regards radioactive sources, used by hospitals and industry, these will 
be imported and returned to the supplier as per PNRA Regulations. Those 
radioactive sources which could not be returned to supplier or orphan sources 
will be stored at safe and secured sites in the country. As there is no other site 
developed for the safe storage/disposal of disused and orphan radioactive 
sources utilized by private/public sector, PAEC will also be responsible for 
storage/disposal of disused and orphan radioactive sources and ownerless 
waste. Every generator of radioactive waste will be responsible for safe and 
secure management of radioactive waste until such time the radioactive waste 
is sent to designated storage sites of PAEC for ultimate disposal and shall pay 
its cost for the safe disposal to PAEC. PAEC will work out charges required for 
such disposal. In case of management of orphan sources, sources cleared by 
PNRA for disposal, the expenditure will be borne by SPD/PAEC.

 3.    Radioactive waste except for Disused Sealed Radioactive Sources (DSRS) 
will neither be imported nor exported as a policy until and unless specifically 
permitted by SPD. Pakistan Nuclear Regulatory Authority shall ensure safe 
control of all radioactive waste including DSRS that is generated in the 
country.”

11

Continued…

Pre-disposal Activities

(pretreatment, treatment, 
conditioning, packaging & 

interim storage)

Transportation/Disposal
(off-site transportation, siting
and development of disposal 

facilities)

Waste GeneratorsWaste Generators Directorate General Directorate General 
of National of National 
RepositoryRepository

12

RWM - STRATEGY
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Waste ClassWaste Class Type of Disposal Type of Disposal 
FacilityFacility

Very Low Level Waste (VLLW) Near surface earthen 
trenches

Low & Intermediate Level Short-
Lived Waste (LILW-SL)

Near Surface

Low & Intermediate Level 

Long-Lived Waste (LILW-LL)

(i)  LLW-LL

(ii)   ILW-LL

Near Surface

Intermediate Depth

High Level Waste (HLW)/SF Geological

Continued…

1st Priority 2nd Priority

Single Site:-

Near Surface & Geological 

(Granite/Clay)

Two Sites:-

Near Surface (Clay )

Geological (Granite)

14
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 Development of a disposal facility is a big task

 International waste disposal programs reveals 
that granite, salt and clay formations act as 
favorable hosts

15

Almost all potential host rocks 
under investigation in the world 
for disposal exist in Pakistan

 Availability of favourable geology, tectonics, 
seismicity, hydrogeology and topography

 Absence of natural resources

 Avoidance of areas of special cultural, scientific 
or ecological interest

 Availability of local infrastructure, including 
utilities, human resources, transportation 
routes and basic services

16
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 All kinds of rocks (e.g. sedimentary, 
metamorphic and igneous) are present in the 
stratigraphic sequence of Pakistan

 Due to unstable political as well seismo-
tectonic conditions we have to focus on risk-
free or least venturous regions of the country   

 As a part of conceptual planning stage of the 
siting process, 39 sites/formations from the 
stratigraphic sequence of Pakistan were 
studied for evaluation of their initial potential 
for the disposal of various type of radioactive 
waste 

17

 Following formations have been identified for 
disposal facilities;

- Clay 

- Granite

(Rock salt is not considered due to its economic values)

18
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Activity Near Surface

Disposal 
Facility

Deep 
Geological

Repository

Siting Process In-progress Planning

Facility 
Development

- -

19

 The challenges we are facing:-

- Tectonic setup

- Security issues

- Public acceptance

20
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Clay Formation has potential for 
development of disposal facility

Characteristics:-
 Brick red clay with subordinate sand stones 

having general dip of 10 degree
 Thickness is about 750m
 Exposed in 3.5 Km wide strip with several 

kilometer lateral extension
 Age late Miocene (20Ma)

22
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 Area displays vast peneplained, depressed 
topography because of abundance of 
clay/shale as compared to overlying and 
underlying by dominantly sandstone 
Formations

 The proposed site is part of Potwar Plateau and 
lies within the gently dipping southern flank of 
Soan Syncline where topography is flat and 
undergone very little internal deformation

23

 The area falls in semi-arid zone with high 
evaporation rate

 The area falls on higher side of the local 
watershed, therefore, drainage system is quite 
immature and the whole area is almost devoid 
of any perennial stream

 Most of the area is covered with clay, naturally 
impermeable, which does not allow much 
infiltration of water

24
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 Pakistan has a peaceful nuclear program

 Main sources of radioactive waste are; nuclear power, 
R&D, hospitals, industry etc

 According to national policy, disposal of radioactive waste 
is responsibility of PAEC

 DGNR is involved in the development of radioactive 
waste disposal facilities

 Nature has blessed Pakistan with all kinds of geological 
environments

 The siting process for development of radioactive waste 
disposal facilities is in progress

26
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Modelling hydrogeology and 
hydrochemistry in support of Safety 
Assessment for radwaste repositories in 
fractured rocks. Case studies from 
Sweden and Finland

Jorge Molinero

INDEX OF THE PRESENTATION

Motivation

Modelling approach

Verificaton example

Application example

Conclusions
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MOTIVATION

Reactive Transport Modelling (RTM) is the most 
powerful tool for quantitative coupling of 
hydrogeology and geochemistry

In the context of geosphere studies for sitting
Deep Geological Repositories, RTM has enormous 
potential for:

- Evaluation of radionuclide migration
- Evaluation of hydrochemical evolution of the repository

However, big RTM models (site-descriptive, large-scale, long term…) 
are unaffordable for computational reasons 

MOTIVATION

The “short blanket” dilemma 

The Hydrogeological approach

The Geochemical approach

The feet uncovered

The neck exposed

Is t
he blanket to

o short?

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-167 February 28, 2013



MODELLING APPROACH

Main assumption: In crystalline fractured rock, the 
groundwater flow is highly channelized, so a 
streamtube conceptualization of solute transport 
can be adopted:

Microfractures
(diffusion) 
0.01 – 10 nm

Mineral grains
0.1 – 10 mm

Altered zone

Porous coating

Fracture Flow

MODELLING APPROACH

A number n of particles can be released 
generating a number n of independent 

streamlines

Each streamline has its own length, mean 
velocity, minerals, etc…

3D hydrogeological models Velocity fields

Reactive transport processes are coupled to 
groundwater flow along each streamline

The complex 3D problem is decomposed to multiple simple 1-D problems
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MODELLING APPROACH

Löfman et al., 2010

Matrix diffusion is accounted in the streamtubes
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De : effective diffusion coefficient [L2T-1]
a : half of matrix thickness
fs : shape factorc

MODELLING APPROACH

If the geochemical problem is homogeneous:

The 1-D RTM can be written as a function of travel time 
 Only 1 RTM simulation is required, writen as a 
function of travel time

1

2

3

4

n-2

n-1

n

streamline

injection point
3

n-2

n-1

n

Domain of the 
reference numerical 
simulation

Does it works? How accurate such a method would be?

FASTREACT: a FrAmework for STochastic REACtive Transport  
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VERIFICATION EXAMPLE

Transmissivity Field 

Synt het ic Solut ion 

Eulerian Approach 

Part icle Trajectories  Predict ion 

Lagrangian Approach FASTREACT 

VERIFICATION EXAMPLE
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Transmissivity field

CONSERVATIVE 
SOLUTE

REACTIVE

SOLUTE

FASTREACT

FASTREACTRTM for migration of Stromtium:

“Posible” co-precipitation with Calcite
Cation exchange in planar sites

“Classical RTM”

“Classical RTM”
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APPLICATION EXAMPLE

In 2004, POSIVA started the construction of the Onkalo
tunnel (Olkiluoto, Finland). It is an Underground Rock 
Characterisation Facility being built for the final disposal 
of spent nuclear fuel

APPLICATION EXAMPLE

In 2009, POSIVA started the Safety Assessment exercise 
for the Onkalo Facility.  One of the key requirements is 
to evaluate the long-term hydrogeochemical evolution 
at repository depth
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APPLICATION EXAMPLE

Site-scale hydrogeological model developed by VTT

FEM mesh: 
970731 nodes 
5638571 elements 

3D velocity fields

APPLICATION EXAMPLE

Particle back-tracking for water trajectories 
(streamtubes). One particle at each projected canister 
position (3926 injection points)

Time 
(y)

Infiltration zone: inland
Travel time: fast (9-30 y) 
Infiltration zone: inland and sea 
Travel time: slow (3650-10,000 y) 

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-172 February 28, 2013



APPLICATION EXAMPLE

Hydrochemical Initial and Boundary Conditions

Altered Meteoric Sea Water

PVP-4A_2 Baltic RW

TDS (mg/L) 567

pH 7.3 7.7

TOTAL CONC.

(mol/L)

Cl 3.39E-03 8,53E-02

SO4 9.99E-04 4,68E-03

DIC 1,12E-02

Alk (mol HCO3/L) 9,54E-03 1,29E-03

SiO2 7,12E-04 9,65E-06

F 6,32E-05 1,42E-05

Br 2,50E-06 1,29E-04

Al 1,93E-07

Na 2,14E-03 7,70E-02

K 3,42E-04 1,69E-03

Ca 4,61E-03 2,00E-03

Mg 1,28E-03 9,00E-03

Brackish HCO3 Brackish SO4 Brackish/saline Saline Highly saline

KR4_81_1 Ol-KR6_135_8 OL-KR20_465_1 OL-KR10_498_1 OL-KR12_741_1

TDS (mg/L) 1122 7225 10544 22099 49483

pH 7.44 7.6 7.4 8 8.2

Eh (mV) -260 -237
TOTAL CONC.

(mol/L)

Cl 9.90E-03 0,260 1.81E-01 3.81E-01 8.63E-01

SO4
9,58E-04 4,79E-03 2.10E-04 1.00E-05 5.00E-05

DIC 4.87E-03 1,86E-03 5.50E-04 1.10E-04 4.00E-05

Alk (mol HCO3/L) 4.57E-03 1,82E-03 6.60E-04 1.10E-04 1.20E-04

PO4
1.68E-06 1.00E-10 2.60E-09

SiO2
2.00E-04 3,66E-04 3.60E-04 2.80E-04 2.10E-04

F 3.16E-05 3,16E-05 1.00E-08 9.80E-08

Fe 1.02E-05 6,45E-06 2.50E-06 2.00E-06 3.80E-07

Al 1,48E-06

Na 1.31E-02 1,53E-01 1.15E-01 2.10E-01 3.61E-01

K 2.48E-04 9,72E-04 2.80E-04 3.60E-04 4.90E-04

Ca 1.34E-03 3,24E-02 3.24E-02 8.91E-02 2.55E-01

Mg 7.40E-04 1,48E-02 2.60E-03 1.60E-03 1.50E-03

Mn 3.46E-06 4,37E-05 5.80E-06 7.30E-06 9.30E-06

BOUNDARY 
CONDITIONS

INITIAL CONDITIONS

APPLICATION EXAMPLE

Mineralogy and geochemical conceptual model

Calcite (CC), illite (IL), kaolinite (KA), pyrite (SK) and clay minerals (SV)

Assumptions
Initial 

amount

Reactive 
surface 

area Reference kinetic law
(mol/L) (m2/L)

Calcite Present in fractures
Equilibrium 

Dissol./Precip. 6.065 1.120

Pyrite Present in fractures
Equilibrium 

Dissol./Precip. 1.170 0.280

K-feldspar Present in fractures Kinetics dissolution 0.239 0.260 Schweda (1989)

Illite Present in fractures Kinetics dissolution 0.144 0.482 Wieland and Stumm (1992)

Albite Present in fractures Kinetics dissolution 0.289 0.292 Chou and Wollast (1985)

Am.. SiO2 Able to precipitate
Equilibrium 
precipitation 0.000 0.000

Am. Fe(OH)3 Able to precipitate
Equilibrium 
precipitation 0.000 0.000

Illite Able to precipitate
Equilibrium 
precipitation 0.000 0.000

Kaolinite Able to precipitate
Equilibrium 
precipitation 0.00 0.428

Porosity = 0.5
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APPLICATION EXAMPLE

Type of results obtained: Open Repository (0-90y)

Chloride Evolution

APPLICATION EXAMPLE

Type of results obtained: Open Repository (0-90y)

pH Eh
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APPLICATION EXAMPLE

Type of results obtained: Temperate period (10,000 y)

t= 1 Kyr t= 10 Kyr

Iron [Fe (II)]

APPLICATION EXAMPLE

Type of results obtained: Temperate period (10,000 y)

Sulphate

t= 1 Kyr t= 10 Kyr
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APPLICATION EXAMPLE

Type of results obtained: 

Statistical analysis of the long-term hydrochemical
evolution of the repository

CONCLUSIONS

RTM is a powerful tool for integrating hydrogeology and 
hydrochemistry in the Geosphere. The main applications 
of RTM in SA exercises are the simulation of radionuclide 
migration and the evaluation of hydrochemical evolution 
of the geosphere.

Stochastic-convective hybrid approach allows 
undertaking complex, 3D, site-scale, long-term models 
that would be unaffordable by conventional Eulerian
RTM techniques.

A methodology called FASTREACT has been developed 
and successfully verified, to perform stochastic –
convective reactive transport along multiple 
streamtubes. The methodology has been applied to 
evaluate the long-term hydrochemical evolution of the 
Onkalo repository in Finland.  
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1

Siting process – Experience 
from the Swiss Radioactive 
Waste Management 
Programme

Crystalline Rock Repository Development 
24-27 September 2012, Prague

Dr. Stratis Vomvoris

2

1980

Phase l
(regional)

Phase ll
(site)

Phase lll

Surface Investigation UndergroundPhases of Siting 
Programme:

Siting Feasibility Engineering FeasibilitySafety of Disposal Concept

R
ev

ie
w

19
94

K
ri

s
ta

ll
in

-l
(S

yn
th

es
is

)

Im
p

le
m

en
ta

ti
o

n
 D

ec
is

io
n

L
LW

 &
 H

LW
P

ro
je

ct

19901978 2000

P
ro

je
ct

 G
ew

äh
r

19
85

 (
C

ry
st

al
li

n
e)

F
ed

. G
o

v.
 D

ec
is

io
n

O
K

O
K

F
ed

er
al

 G
o

ve
rn

m
en

t 
D

ec
is

io
n

C
o

m
p

le
ti

o
n

 o
f 

D
is

p
o

sa
l

F
ea

si
b

ili
ty

 P
ro

je
ct

S
it

e 
S

el
ec

ti
o

n
S

ec
to

ra
l P

la
n

W
as

te
 M

an
ag

em
en

t 
C

o
n

ce
p

t

C
o

n
ce

p
t 

S
tu

d
ie

s
C

ry
st

al
lin

e 
an

d
 S

ed
im

en
ts

In
ve

st
ig

at
io

n
s 

N
. S

w
it

ze
rl

an
d

S
e

d
im

e
n

ts
   

   
   

   
  C

ry
st

a
ll

in
e

02

HLW geologic repository - overview
2019/2006 08

25 Sep. 2012 Siting Process - Experience/vos
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2

Demonstration of Disposal Feasibility

 Demonstration that a repository for spent fuel, vitrified high-level 
waste and long-lived intermediate-level waste of Swiss origin can be
built in Switzerland (meeting all required standards, e.g. regulatory 
guideline HSK-R-21). It consists of three elements:

- Siting Feasibility: Demonstration that a site exists in 
Switzerland where a repository can be built

- Construction Feasibility: Demonstration that a repository can be 
built at a given site and using current technology

- Long-Term Safety: Demonstration that a given repository 
design for a repository at a given site, meets the applicable 
standards for long-term safety

Siting Process - Experience/vos3 25 Sep. 2012

4

Nagra projects (1980 - 2006)

25 Sep. 2012 Siting Process - Experience/vos
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3

5

NAGRA’s Crystalline Project (KRI): Phase 1 

 A deep drilling campaign comprising
7 boreholes with final depths
between 1306 and 2482 m. 

 Geophysical investigations
consisting of reflection and refraction
seismic lines, gravimetric and
aeromagnetic surveys, etc.

 Long-term monitoring of deep
groundwaters

 Hydrogeological modelling

 Hydrochemical studies

 Geological mapping and data compilation

 Geological reconnaissance studies of exposed
basement rock in nearby Germany 

 Neotectonic studies, including a micro-earthquake
recording network, geodetic measurements, 
geomorphological studies and stress measurements

Siting Process - Experience/vos

Conclusion of Phase 1 
with a proposal for
site investigations and
initiation of Phase 2

6

KRI Project: Phase 2 exploration programme 1/2

25 Sep. 2012 Siting Process - Experience/vos
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4

7

KRI Project: Phase 2 exploration programme 2/2

25 Sep. 2012 Siting Process - Experience/vos

8

KRI Project: Phase 2 exploration programme 2/2

25 Sep. 2012 Siting Process - Experience/vos

Investigation of
additional options
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5

9

Options in sedimentary formations

25 Sep. 2012 Siting Process - Experience/vos

10

Borehole Benken, 2-D and 3-D seismics

Siting Process - Experience/vos
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11

3D - Seismics: Resolution

 Displacements  > 
10 m are directly 
visible

 Displacements can 
be clearly located

 Geometry of rock 
layers and 
structures known

Siting Process - Experience/vos

12

Investigation Area Zürcher Weinland

High-Level Waste

View towards north

Nagra deep borehole
25 Sep. 2012 Siting Process - Experience/vos
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7

13

Investigation Area Zürcher Weinland

High-Level Waste

View towards north

Nagra deep borehole
25 Sep. 2012 Siting Process - Experience/vos

2002: Submission of
Opalinus Clay Feasibility Project 
(Entsorgungsnachweis)

Siting Process - Experience/vos14

How to dispose of? Milestone 2006

 The feasibility of safe disposal of radioactive
waste in deep geologic repositories in 
Switzerland was approved by the Swiss 
Government

- Projekt Gewähr (LLW) 1988

- Entsorgungsnachweis (HLW) 2006 

How to dispose of the waste was
clearly answered.

25 Sep. 2012

but where?
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8

Siting Process - Experience/vos1515

Site selection process – The Sectoral Plan

Selection of potential siting 

regions for L/ILW & HLW
Criteria: safety, technical feasibility, 

preliminary evaluation of spatial planning 

issues

Selection of at least two sites

for L/ILW and HLW
Criteria: socio-economic, environment, 

preliminary safety assessment, 

overall evaluation

Site selection & general licence 

(L/ILW and HLW repositories)
Criteria: safety, detailed evaluation of 

socio-economic issues, EIA (stage 1), 

overall evaluation

Stage 1

2008 - 2011

Stage 2
ca. 4 yrs

Stage 3
ca. 3.5 – 4.5 yrs 

Source: Federal Office of Energy (SFOE) 

25 Sep. 2012

16

Site selection - the Swiss approach

Nomination Voluntary Approach
Swiss Stepwise Site 

Selection and Decision-
making Approach

Implementor investigates 
and evaluates various 

sites

Implementor announces 
criteria and call for 

volunteers

Plan, criteria, roles, 
responsibilities are defined and 

agreed upon

One or more communities 
volunteer

Implementor proposes siting 
regions

Authorirties evaluate & approve

Implementor investigates 
and evaluates sites

Implementor proposes (at least) 
two sites

Authorirties evaluate & approve

Implementor investigates and 
evaluates sites

Implementor proposes site

Authorities evaluate

Approval (in Switzerland subject to facultative national referendum)

25 Sep. 2012 Siting Process - Experience/vos
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17

Stage 1: Siting Regions

Methodology for ‘Narrowing-Down’ to the proposed siting regions

1. Allocation of waste to LLW or HLW repository

2. Safety concept and requirements

3. Suitable geological-tectonic regions

4. Suitable host rocks (incl. adjacent formations)

5. Evaluation with respect to repository 
configuration/lay-out

Quantitative evaluation for each criteria group

25 Sep. 2012 Siting Process - Experience/vos

18

Safety & Engineering Criteria for Site Selection (1/3)

Criteria

3. Reliability of
geological information

Source: Bundesamt für Energie (BFE)

Group of criteria

1.1 Spatial extent
1.2 Hydraulic barrier efficiency
1.3 Geochemical conditions
1.4 Migration paths 

2.1 Stability of properties
2.2 Erosion
2.3 Repository induced effects
2.4 Resource conflicts

3.1 Characterisation of host rock
3.2 Spatial explorability
3.3 Temporal predictability

4.1 Rock mechanical properties
4.2 Underground access

1. Properties of host 
rock

2. Long-term stability

4. Suitability for 
construction

25 Sep. 2012 Siting Process - Experience/vos
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19

Safety & Engineering Criteria for Site Selection (2/3)

Criteria

3. Reliability of
geological 
information

Source: Nagra

Group of criteria

1.1 Spatial extent
1.2 Hydraulic barrier efficiency
1.3 Geochemical conditions
1.4 Migration paths 

2.1 Stability of properties
2.2 Erosion
2.3 Repository induced effects
2.4 Resource conflicts

3.1 Characterisation of host rock
3.2 Spatial explorability
3.3 Temporal predictability

4.1 Rock mechanical properties
4.2 Underground access

1. Properties of host 
rock

2. Long-term stability

4. Suitability for 
construction

Thickness
Lateral extent
Depth - construction
Depth - erosion 

Regional fault model
Continuity of formations
Heterogeneity

Indicators (example)

25 Sep. 2012 Siting Process - Experience/vos

20

Safety & Engineering Criteria for Site Selection (3/3)

Criteria

3. Reliability of
geological 
information

Source: Nagra

Group of criteria

1.1 Spatial extent
1.2 Hydraulic barrier efficiency
1.3 Geochemical conditions
1.4 Migration paths 

2.1 Stability of properties
2.2 Erosion
2.3 Repository induced effects
2.4 Resource conflicts

3.1 Characteris. of host rock
3.2 Spatial explorability
3.3 Temporal predictability

4.1 Rock mechanical properties
4.2 Underground access

1. Properties of host 
rock

2. Long-term stability

4. Suitability for 
construction

Thickness
Lateral extent
Depth - construction
Depth - erosion 

Regional fault model
Continuity of formations
Heterogeneity

Indicators (example)

> 100 m
> 4 km2
< 900 m.b.s.
> 400 m.b.s

Requirements

25 Sep. 2012 Siting Process - Experience/vos
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Multi-Attribute Analysis

LLW

HLW

priority area
very
favour-
able

favour-
able

less
favour-
able

un-
favourable

insufficient

25 Sep. 2012 Siting Process - Experience/vos

22

Proposed siting regions – geology 

 As

 A result of systematic application of requirements of Sectoral Plan

 Considered the geological possibilities of the whole of Switzerland

 Derived in a systematic, step-wise narrowing-in process based on safety 
and engineering feasibility

25 Sep. 2012 Siting Process - Experience/vos
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12

Narrowing down to the 20 sites (proposed in January 2012)

Siting Process - Experience/vos23 25 Sep. 2012

 Access/Connection to existing transportation network
 Topographical and geological situation
 Access to underground (repository) 
 Operational safety 

 Current use
 Embedment in urban development and landscape
 Recreational infrastructure/usage 
 Landscape and natural scenery

 Zonation
 Surface water bodies 
 Grundwasser 
 Mineral water wells /hot springs 
 Protection of nature and landscape 

Ensure 
operational safety 

and feasibility

Guarantee 
compatibility with 

land use and 
environment

Appropriate local 
integration in the 

region 

Goals/Requirements Criteria

Siting Process - Experience/vos24 25 Sep. 201224

Stage 2: Selection of sites for the surface facilities

Discussion of proposals within regional conferences
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25

Roles and Responsibilities in Switzerland

Policy-maker
Parliament

Federal Government 
Federal Office of 

Energy

Implementor
Waste producers

Nagra

Regulator
Safety Authorities 

(Commissions)

 Preparation of disposal programme
 Project Initiator
 Concepts, studies, investigations, 

evaluation and safety case for site 
selection

 Applicant and license holder

 Definition of the safety-
protection objectives

 Supervision
 Expert evaluation

 Legislation
 Approval of disposal 

programme
 Site selection process
 Licensing authority

25 Sep. 2012 Siting Process - Experience/vos

26

Roles and Responsibilities in Switzerland

Policy-maker
Parliament

Federal Government 
Federal Office of Energy

(Cantonal authorities)

Implementor
Waste producers

Nagra

Regulator
Safety Authorities 

(Commissions)

25 Sep. 2012 Siting Process - Experience/vos

Regional
and local

participation*

*Emphasis on socio-economical and environmental
issues; location of surface facilities; representation of
regional and local interests
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27

Swiss Site Selection Approach: Key strengths

1. Nomination with respect to the host rock and the siting 
regions, on the basis of safety and engineering criteria 
defined explicitly and in advance; strong participatory 
component for the surface facilities and their location 

2. Clear roles and responsibilities

3. Leadership by the Swiss Federal Office of Energy

4. Step-wise decision making and step-wise approval

5. Recognised and accepted technical and scientific know-how 
from the implementer and the regulator

6. Transparent and traceable decision making (also recognised 
by the authorities in their review)

25 Sep. 2012 Siting Process - Experience/vos

Thank you
for your interest
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GEOLOGICAL WORK FOR THE FIRST 
MILLESTONE ACHIEVEMENT

Frantisek Woller
RAWRA  Consultant

SCIENTIFIC VISIT ON CRYSTALINE ROCK 
REPOSITORY DEVELOPMENT

Prague,  September 24 – 27 2012

THE FIRST MILESTONE

2

The Concept of Radioactive Waste and Spent Nuclear Fuel 
Management in the Czech Republic defines the first milestone of 
deep geological repository as follows:

"To select sites with proper geological conditions taking into 
account local developments at proposed sites. After evaluation 
of relevant results include two sites into land use plans (main 
and reserve one) for deep geological repository".

Date: 2018

(Ministry of Industry and Trade, May 2002)

VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, September 24 – 27 2012
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GEOLOGICAL WORK (1)

3

At the stages of site selection and characterization geological 
work represent the fundamental activity, which is essential for:

description of the site geology (s.l.) and site suitability 
evaluation;

 data acquisition for two sites selection;

 data acquisition for initial safety report elaboration.

Elaboration of initial safety report is necessary for the planning 
permit delivery.

(Building Act 183/2006 Coll. )

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, September 24 – 27 2012

GEOLOGICAL WORK (2)

4

Geological work for deep geological repository siting is 
geological exploration for special intervention affecting Earth 
crust.

This exploration may be carried out solely in the exploration area 
established by the Ministry of Environment.  

(Geological Act 62/1988 Coll.)

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, September 24 – 27 2012
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GEOLOGICAL WORK (3)

5

Geological exploration on each site will start by the performance 
of the following main surface methods:

 geological mapping and structure geology;

 hydrogeological and hydrological mapping;

 geophysical exploration;

 geochemical exploration;

performance of shallow boreholes, trenches and pits;

samples collection, analyses, tests.

Basic scale of maps: 1 : 10,000

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, September 24 – 27 2012

GEOLOGICAL WORK (4)

6

Results of the above mentioned activities allow:

 to construct the first model of the site surface geology;

 decision on efficient borehole location in the next step;

 decision on additional work (if necessary).

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, September 24 – 27 2012
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GEOLOGICAL WORK (5)

7

Realization of boreholes up to 300m, 500m and 1.000m and their
examination will be fundamental activity of the next step. 

Namely the following operations will be made:

 core description and sampling;

 borehole logging;

hydrogeological and hydrochemical testing, sampling and 
monitoring;

rock mechanic tests in borehole;

borehole – surface (borehole – borehole) geophysical 
exploration; 

core analyses and tests (petrology, geochemistry, physical properties, 

rock mechanic, radionuclide sorption and diffusion……).

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
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GEOLOGICAL WORK (6)

8

Results of geological work on each site and its interpretation will 
be elaborated and published in the form of separate final report.

Explored sites will be compared in separate report concerning 
geology and other aspects investigated at the same time 
(monitoring of environment, monitoring of human activities, conflicts of interest,
and socio-economic and demographic development…..).

Initial safety report according to design required by the State 
Office for Nuclear safety will be compiled using data from 
geological exploration among other think.
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GEOLOGICAL WORK (7)

9

Mentioned geological reports and initial safety report are 
documents necessary for the establishment of a protected area 
for special intervention affecting Earth crust.

"Protected area is established by the Ministry of the Environment
after a consultation with the Regional Authority through a 
decision issued in accordance with the Ministry of the Industry 
and Trade, with the District Mining Authority and in accordance 
with the territorial planning authority and the Construction 
Office".

"The boundaries of the protected area are entered into the 
territorial planning documentation".

(Mining Act 44/1988 Coll.)

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, September 24 – 27 2012

Conclusion

10

Establishing of a protected area for special intervention affecting 
Earth crust for two sites represents achievement of the first 
milestone given by the Concept of Radioactive Waste and Spent 
Nuclear Fuel Management in the Czech Republic.
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THANK YOU FOR 

YOUR ATTENTION

fwoller@seznam.cz
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Radioactive Waste Disposal Radioactive Waste Disposal 
Conflicts of InterestConflicts of Interest

Jitka Mikšová
Technical Development Project Manager

Geological Repository Development Department

Radioactive Waste Disposal Process:

2

Main aim of the radioactive waste disposal process:
safe repository operation

Main assumption of safe repository operation:
appropriate repository design and construction

Main assumption of appropriate repository design and construction:
suitable site for repository construction

Main assumption of suitable site selection:
successful site selection process including geological investigation

Main assumption and condition of successful site selection process:

solving conflicts of interest in advance
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Repository Life-Cycle

3

Site Characterisation and Evaluation

Based on desk studies and remote area screening:

archive geological data and information

RS - satellite images, airborne landscape images

airborne geophysical measurement/prospection

Geological investigation on site:

•surface geological investigation

geological mapping, geophysical measurement, 
geochemistry, hydrogeology,…

•drilling work

well logging, core sampling, hydrogeological
monitoring,…

•underground work

underground laboratory, confirmation laboratory,

generic laboratory, repository excavation,…

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
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Site Characterisation

4

Necessary Prerequisite for Geological Investigation Realisation

Stakeholder Acceptance

Conflicts of interest identification:

– State administration – legislative requirements

– Municipalities – local public approval

– Land owner and  land user approval

Basic requirement for the successful solving of conflicts of interest

- to be willing to provide all the information required
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Potential Conflicts of Interest

5

Legislative origin

Placement of Nuclear Facilities and Very Significant Ionising Radiation Sources

– Excluded areas – uncertain tectonics, earthquake zones,…

Anthropogenic origin

– Man-made – dams, power plants, urban areas, historical buildings,…

Environmental origin

– Forests, soil,…

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
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Potential Conflicts of Interest

6

Czech legislative requirements - examples

Principal general and specific acts:

• Environment

• Environmental Impact Assessment Act

• Conservation of Nature and the Landscape

• Town and Country Planning and Building Code (the Building Act)

• Wastes and Amendments to certain other Acts

• Water and Amendments to certain Acts (the Water Act)

• Protection of the Air and Amendments to certain other Acts (the Clean Air Act)

• Protection of the Agricultural Land Fund

• Forests (the Forestry Act)

• Public Health Care

• Public Health Protection

– Basic mining legal regulations

– Basic legal regulations in the field of the peaceful utilisation of atomic energy and ionising 
radiation
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Potential Conflicts of Interest

7

Czech legislative requirements - examples

Basic mining legal regulations:

• Protection and Utilisation of Mineral Resources (the Mining Act)

• Mining Activities, Explosives and the State Mining Administration

• Rational Exploitation of Reserved Deposits, Permission for and Notification of Mining 
Activities and Notification of Activities carried out by means of Mining Methods

• Establishment, Operation, Safeguarding and Liquidation of Facilities used for Underground 
Waste Disposal

• Safety and Health Protection and Operational Safety regarding Mining Operations and the 
Extraction of Non-reserved Minerals

• Principle of the Ministry of the Environment and the Czech Mining Office No. 400/3517/1816 
concerning environmental impact assessments for the site and activities pursued in mining 
operations and the exploitation of non-reserved mineral deposits

– Basic legal regulations in the area of the peaceful utilisation of atomic energy and ionising 
radiation

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
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Potential Conflicts of Interest

8

Czech legislative requirements - examples

Basic legal regulations in the area of the peaceful utilisation of atomic energy and ionising
radiation:

• Peaceful Utilisation of Nuclear Energy and Ionising Radiation (the Atomic Act)

• Radiation Protection as amended

• Nuclear Safety and Radiation Protection Assurance during the Commissioning and 
Operation of Nuclear Facilities

 Placement of Nuclear Facilities and Very Significant Ionising Radiation Sources

• Basic Design Criteria for Nuclear Installations with Respect to Nuclear Safety, Radiation 
Protection and Emergency Preparedness

• Decommissioning of Nuclear Installations or Category III or IV Workplaces
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Potential Conflicts of Interest

9

International legislative requirements and recommendations:

The implementation of Nuclear Installation Projects with regard to International Conventions and 
Relations:

• Convention on Environmental Impact Assessments exceeding state boundaries, Espoo, 1991

• Aarhus Convention, 1998 - concluded for the purpose of making environmental information 
available, creating conditions for the active participation of the public and ensuring legal protection in 
the area of environmental protection 

• Treaty of the Establishment of the European Atomic Energy Community (Euratom) - each 
Member State shall provide the Commission with such general data relating to any plan for the 
disposal of radioactive waste in whatever forms which make it possible to determine whether the 
implementation of such a plan is liable to result in the radioactive contamination of the water, soil or 
airspace of another Member State.

• Directive of the Council of the European Communities (85/337/EEC ) – If a competent institution 
of a neighbouring state shows, for political reasons, interest in bilateral meetings, it will be necessary 
to act so as to meet the requirements arising out of membership of the European Union.
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Population density

10 SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

Area: 78,866 km2

Capital: Prague – 1.18 million 
inhabitants

Population: 10.3 million inhabitants.
Population density: 130 
inhabitants/km2

Number of municipalities: 6 248
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Infrastructure

11

Necessary networks

– electric power distribution network 

– gas network

– telecommunications network

– highway, road and railway networks including protected areas alongside them

– air transport routes
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Natural and Human Environments

12

Environmental protection

Natural parks
Natural reserves
Biosphere reserves
Regional bio-corridors
Regional bio-centres
Natural raw deposit protected areas
Water management network
Drinking water reservoir protection
Natural water accumulation protected areas

NATURE 2000
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Natural and Human Environments

13

Environmental protection

NATURE 2000

Natural parks
Biosphere reserves
Regional bio-corridors
Regional bio-centres
Natural raw deposit protected areas
Water management network
Drinking water reservoir protection
Natural water accumulation protected areas
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Natural and Human Environments

14

Land use protection

Land protection 

Forest protection

CORINE
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Natural hazards

Flood-prone areas
Earthquakes
Landslides
Mudslides
Tsunamis
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Mineral deposit protection

15

Geological map

Old and abandoned mines
Protected mineral deposit areas
Mining areas
Deposit reservation

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
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Cultural Heritage Protection

16

Protection of cultural monuments

Cultural heritage

Historical monuments

National monuments

Archaeological sites

Natural monuments
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Recreation zone protection 
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How to Solve Potential Conflicts of Interest?

17

To inform all stakeholders in a transparent way and well in advance on:

– Main aims of geological investigation work
– Extent of geological investigation work
– Subject of geological work 
– Geological investigation techniques used on site
– How the work will be performed
– Geological work schedule and duration
– Who will be responsible
– Potential damage compensation
– Potential restrictions/limitations on land use during geological investigation work
– Impact on the environment
– Results publication in a comprehensible way 
– Benefits of geological investigation

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

Profit   - open discussion on conflicts of interest and
the best ways in which to solve them

What is required?

18

to make every effort to build - win - keep trust in the necessity for geological 
investigation work or even better in the necessity for a radioactive waste repository

How to do it:
– To follow all legislative requirements
– To prepare alternative scenarios for geological investigation work focusing on site characterisation
– To keep to the time schedule so as not to disturb land-owners and users any longer than 

necessary
– To ensure responsible people fulfil their promises
– To observe and keep to agreed rules 
– To inform stakeholders on any problems/issues 
– To move investigation work to an alternative place if conflicts of interest are insoluble – if possible
– To document all the initial conditions before geological investigation begins – especially 

environmental conditions on site
– To monitor all the necessary aspects – environmental condition changes, drinking water quality, 

…
– To archive everything necessary in order to prevent potential problems and misunderstandings in 

future
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Conclusion

19

Basic requirements when solving potential conflicts of interest in the siting
process

to promote the provision of 

credible + transparent + convincing + sufficiently detailed information

In a timely manner

to all concerned

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
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and that is all!

20

Thank you
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Deep Deep Geological Repository Geological Repository 
Development Development 

in the Cin the Czech Republiczech Republic
Technical and Safety AspectsTechnical and Safety Aspects

Radioactive Waste Repository Authority

Jiří Slovák

Deputy Managing Director

Nuclear sites in the Czech Republic

Temelín

Dolní
Rožínka

Dukovany

Richard

Bratrství
Řež

Praha

Repository

Research Reactor

SF Storage

Uranium mine

NPP in operation
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Legislative Principles of RAWM

Act on the Peaceful Uses of Nuclear Energy and Ionizing Radiation – Atomic act, 
No. 18/1997

The main principles:

•Radioactive Waste – all wastes with contamination (content) of radionuclides (natural 
or artificial nuclides) but – except wastes occurring due to mining activities (including U 
– mining)

•The state guarantees the safe disposal of all radioactive   waste.

•All producers of radioactive waste shall bear all costs associated with its 
management from the time of origin to its disposal.

•To provide for activities associated with radioactive waste disposal, the Ministry of 
Industry and Trade set up the  Radioactive Waste Repository Authority (RAWRA) as 
a state organization - established on 1st June 1997

3

Radioactive Waste Management Concept
Approved by the Government in 2002

LLW /ILW waste

•Ongoing disposal at existing repositories

– Bratrství – institutional wastes - only natural nuclide content

– Richard – institutional wastes – artificial nuclide content – from  industry, research, 
medicine, …

– Dukovany – wastes produced by NPP operation

HLW / Spent Nuclear Fuel (SNF)

•Decided future disposal in a Deep Geological Repository (DGR)

– 2015 – Two suitable sites – main and alternative

– 2025 – Approval of the safety of the final site

– 2030 – Construction of Underground Research Laboratory

– 2065 – Commissioning of the DGR 

•Support for R&D of P&T

•to observe the potential for an international DGR

4
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HLW and SNF Management

Supposed waste amounts for DGR

6 reactors in operation and 3 planned
• HLW  - NPPs Dukovany and Temelin   3000 m3

• HLW - new reactors 2000 m3 

• SNF - EDU 1 (4 reactors)     1940 t (est. 40 years operation)
• SNF - ETE 1 (2 reactors) 1790 t (est. 40 years operation)
• SNF  - new 3 reactors (TE 2+DU 1)  up to 5000 t (est. 60 years operation)

Space required for 5 862 disposal containers – latest estimation according 
Reference Design 2011

2 047 disposal containers (440 type)

1 124 disposal containers (1 000 type)

2 691 disposal containers (new type)

New Reference Design 2011

6
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DGR and RAWM concept
2018 – 2025 – 2065 – CZ approach

DGR – three pillars as for any important construction projects

Technology <> Financial resources <> Site
Technology for application in 2065? 

– YES, but today only in terms of the feasibility of a DGR at areal site under real conditions 

Financial resources?

– YES –for development as well as  for future construction

Site?  

– IN ALL CASSES – we will construct a DGR so as to be able to prove long term safety

– site has a strong INFLUENCE ON SAFETY and FUTURE TECHNOLOGY and ..... ON 
FINANCIAL SOURCES

!!  SITE 2025  !!

And next steps?  – potential future optimisations

1

Selected Sites for GR – granitic rock

Preliminary sPreliminary site selectionite selection -- 20022002

1 Čertovka                    
2 Březový potok        
3 Magdaléna                    
4 Čihadlo               
5 Hrádek                
6 Horka

2
3

4

5

6
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Supposed Site Supposed Site SSelection election PProcess 2012 rocess 2012 –– 20182018

Geological survey will commence at 4 sitesat 4 sites

Parallel geophysical and geochemical 

landscape survey

Drilling of boreholes (at depths of 5 – 500m, 2 (3) 1000m)

Rock characterization – in situ measurements

Laboratory research

Environmental sitespecific studies

At each site with suitable geology:

• Design of the DGR 

• Feasibility Study 

• Preliminary Safety Case

• Environmental Impact Assessment Study

9

Site SelectionSite Selection CriteriaCriteria

How and When? (and Who?)How and When? (and Who?)

Until now 
• No real generic or on site data on crystalline geology from depths 

considered useful for DGR

– Provision of geological survey parallel to generic research

Two options for establishing site selection criteria 
• Progressively by means of geological surveys

• General criteria at the beginning of investigation work

• Step by step application of real data and comparison with the on
site situation

10
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Necessary R&D for Necessary R&D for DGR DGR sitingsiting
General objectives and goalsGeneral objectives and goals

Site selection process requires
• Understanding of data and relevant information performed at the sites 

• Interpreting and adapting criteria for site selection

• adapting Reference design at the selected sites

• Performance of preliminary safety assessment

= R&D supporting site selection
How to perform the necessary R&D?

• Internal – by means of RAWRA supported R&D projects - intensive start from 
2012

• More involvement in EU projects – RAWRA and  supported CZ organisations

• Direct participation in international projects

11

DDGR site selection and public acceptanceGR site selection and public acceptance

1

Concept of Radioactive Waste and Spent Nuclear Fuel 
Management in CR (2002)
•Connection between RAW disposal and provision of information

•Decision-making on the site of a future geological repository– … respecting the 
interests of local development …

•S.E.A. – Strategic Environmental Assessment

Regional Development Policy of the CR (2008)
•Task for MIT and RAWRA  – to select final and reserve sites for future deep 
geological repository ensuring public involvement 

Role of the public in drawing up of important documentation
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Public involvement principles
Voluntarism as a primary principle
Call to local municipalities to participate in the site selection process

Geological survey will start  only at those sites where municipalities wish 
to participate

Benefits for local municipalities 
Direct annual payment only  to those municipalities at sites

where RAWRA obtains a licence for geological survey work

9/2011 – update to Atomic act. 
Annual maximum 4 MCZK (160 k€) per municipality

Fixed 600 kCZK + 0,30 CZK per m2 of geol. survey area

13

Public involvementPublic involvement

11/2009

• Conference „Deliberation – the way towards a deep geological repository “

6/2010 

• „Round table discussion“ with the participation of municipalities and non-

governmental organisations 

11/2010 

•• „„Working Group for Dialogue on Working Group for Dialogue on a a DGRDGR““

– to  increase the  transparency of the siting process respecting public interests 

– to strengthen the role of municipalities in administrative processes related to site 

selection for a DGR

Step by step towards dialogueStep by step towards dialogue
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How will municipalities get involved? How will municipalities get involved? 

Before start of geological survey work:

• RAWRA invites municipalities from preselected sites to actively participate  in the 
candidate site selection process for a deep geological repository 

• RAWRA will sign an agreement with volunteering municipalities. Agreement will 
determines the conditions of municipality participation  

• RAWRA will submit an application to the Ministry of the Environment for licence for of 
exploratory area at a site at which all municipalities will participate

• Contractual guarantees to municipalities that their participation does not 
mean automatic approval of repository construction - GUARANTEEGUARANTEE

• Establishment of exploratory area  = municipalities entitled to receive 
payments from the nuclear account - MOTIVATIONMOTIVATION

Guarantees Guarantees and MotivationMotivation – main issues for WG Dialogue meetings

How to select Candidate Sites?

16
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Future site for DGR Future site for DGR –– how to select it?(1)how to select it?(1)

•• Only sites where all municipalities will become involved in the Only sites where all municipalities will become involved in the 

selection process selection process 

•• Application for the establishment of an exploratory area Application for the establishment of an exploratory area 

• Geological survey with the main aim of evaluating the suitability of the host rock 

formation  

• Fulfilment of all technical requirements related to site – DGR project 

• Providing evidence that DGR on site meets all strict safety criteria 

• Assessment and comparison of suitability of sites - with local public involvement

•• Selection of two candidate sites in 2018 Selection of two candidate sites in 2018 –– only with approval only with approval 

of all affected municipalitiesof all affected municipalities

Selection of 2 candidate sites with public participationSelection of 2 candidate sites with public participation

Future site for Future site for DDGR GR –– how to select it?(2)how to select it?(2)

Only with approval of affected municipalities, 

observing interests of the corresponding region 

•Site with the highest + most robust safety levels

•Economic criteria – site where repository construction and 

operational costs are optimised to the maximum 

•Socioeconomic impacts – site where DGR creates the most 

impulses for regional development

Selection of final site Selection of final site –– with approval of municipalitieswith approval of municipalities
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Thank you for your attention

slovak@surao.cz

www.surao.cz
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Nuclear Spent Fuel Management 
in Spain

Jorge Molinero

Introduction

• Ministry of Industry, Tourism and Commerce

– Radioactive waste, decommissioning and NSF management policy

• Cabinet approved “ 6th Radioactive Waste General Plan” 2006

– Grants Licenses of Nuclear Installations

• Nuclear Safety Council

– Independent from the Government

• Nuclear safety and radiological protection  regulation and guidance

• Evaluation and reporting previously to Licenses

• Inspection and enforcement

• ENRESA 

– Management of spent fuel and radioactive waste

– Nuclear installations decommissioning as well

• NPP / Utilities

– Operate on site storage

– Deliver the SF and waste packages in accordance to WAC

– Pay the costs through fees on nuclear energy generation
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• 10 Nuclear Power Reactors

• 8 reactors in operation in 6 sites

– 7.8 GWe 

– 19% of country’s electricity generation

• 2 NPP closed down, being decommissioned

NPP location and NSF situation

• Present Inventory

– 4000 tU SF in storage (December 2009)

• Most of it in pools

• 2 ISFSI in operation

– Trillo NPP

– Jose Cabrera NPP

– Ascó NPP is in the licensing process for another 

ISFSI

• Total amount of Spent fuel considered

– 20000 Fuel elements

– 6700 tU

• HLW and MLW management

– HLW (vitrified waste 1.17 m3 canisters)

• 84 canisters

– Medium Level (long-lived) waste packages

• Around 650 m3 from reprocessing

• Around 1000 m3 to be generated in decommissioning 

reactor internals

NSF and HLW-MLW Inventory and estimates
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• The priority is the Centralized Interim Storage 
Facility (ATC)

– Complemented by In situ Increased Storage capacity when 
required

• Deep Geological Disposal studies continuation to 
support decision making about management 
options

• Other options also studied: advanced cycles

• R&D Plan 2009-2013

• Costs supported by the NPPs as a fee on nuclear 
electricity gross production 

• Direct disposal considered as an assumption for 
financing the waste management fund

General aspects of NSF management

• Agreement between ENRESA and Utility

– ENRESA licensed the system

– Trillo NPP licensed the facility as part of the NPP

• Storage Casks System

– Dual purpose metal casks. ENSA DPT

– 21 fuel elements per cask

– Non encapsulated

– Re-licensed from 45 to 49 GWd/tU

• ISFSI Commissioned in 2002

– Dedicated building to meet NPP dose rate design criteria

• Capacity for 80 casks

– 18 casks stored

• 378 fuel assemblies

Independent SF storage Facility at Trillo NPP
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• Similar scheme as in Trillo NPP 

– Agreement ENRESA-Utility

• HI STORM system

– MPC Multipurpose canisters

– Shielding modules HI STORM

– Transfer cask HI TRAC

– Transport cask HI STAR

– Auxiliary systems including Helium recirculation dehydrating 

system

• Storage pad for 12 modules + 4 modules for GTCC 

waste

• 100% fuel inventory transferred

– 377 fuel assemblies (100.5 tU)

– Very limited place in the reactor building

– Late fuel characterization that required adaptation of the 

loading plans

Independent SF storage facility at Jose 
Cabrera NPP

• Defined as a priority in the 6th General radioactive 
Waste Plan

• Parliament supported: 

– In 2004, Industry Commission of the Parliament 
unanimously asked  to the Government to develop 
such a facility

– In 2006, the Parliament urged the Government to set 
an Inter-Ministerial Commission to lead the site 
selection process

• Site selected recently  Villar de Cañas (Cuenca)

ATC. The Centralized NSF and HLW storage 
facility project
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• Advantages:

– Unification of SF management

– Independence between short-term and long-
term management

– Flexibility in front of options development

– Minimization of the total numbers of nuclear 
installations

– Efficiency for reaching safety and security 
levels

– Possibility to release decommissioned nuclear 
sites

– Respect of international engagements

– Cost reduction

– Optimization of support services and operations

ATC. The Centralized NSF and HLW storage 
facility project

Three main parts:

•The Centralized Interim Storage Facility (ATC) 
itself

– Unloading, and encapsulation

– SF/HLW storage

– MLW storage

•A Research Center

– Spent fuel and waste laboratory

– Other laboratories (chemistry and 
environment, materials, prototypes…)

•A Business park

– Regional development project

– Infrastructure for companies settlement 
in the area

ATC. The Centralized NSF and HLW storage 
facility. Main parts
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• Siting based on volunteer candidate municipalities:
– Principles of publicity, participation and  transparency.

– Volunteer municipalities: candidature approved by the Local 
Council

• Creation of an inter-ministerial Commission to:
– Defining the technical and social criteria for municipalities 

candidate to host the facility 

– Supervising the respect to the siting process criteria

– Managing the information and candidatures reception

– Assessing and Proposing to the Government suitable sites in 
candidate municipalities

• Information campaign 2006-2008

• Call for candidate municipalities in December 2009
– Excluded areas report published in April 2009. Site proposal

– Potential sites in eight municipalities are being studied

• The Government will decide the site
– Dialog with the suitable candidate local councils

– Dialog with Region Government

ATC. The Centralized NSF and HLW storage 
facility. Site selection process

• The ATC facility is designed for the following 
functions:

– Reception and unloading.

– Encapsulation of fuel assemblies.

– Long-term Storage of NSF and waste packages

– Retrieval of waste packages for future management options.

ATC. The Centralized NSF and HLW storage 
facility. Functions
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• Vault type:

– Spent Fuel and HLW encapsulated in canisters

– Canisters placed in storage dry wells

•Double barrier

•Inert atmosphere

– Cooling by natural draft

• Storage bunker for MLW (long lived)

ATC. The Centralized NSF and HLW storage 
facility. Conceptual design

• Previously encapsulated spent fuel
– Storage in their canisters with no need for re-encapsulation?

• Detailed revision of expected inventories and 
acceptance criteria, with particular attention to

– Trend to higher burn-ups

– Final cycles with relatively low cooling periods

– Fuel characterization status and requirements

• SF and waste laboratory
– SF characterization and behaviour

• Extended storage

• Disposal

• Mechanical, chemical, and radiological characterization 
and behaviour of Rods, samples, irradiated materials

• Site characterization and licensing work ongoing 
after site designation

ATC. The Centralized NSF and HLW storage 
facility. Focus
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• Site identification Program: 1986-1996

• Deep Geological Repository design and 
associated Performance assessment 
(1990-2004) in three steps:

– Disposal concept and basic design

• Carbon steel canisters placed horizontally 
in parallel galleries, with Calcium-
Bentonite seal

– Strengthening the bases of the concept

• Flexibility and Robustness (better 
justification of decisions, alternatives 
analysis)

• Convergence: Package definition common 
for the three host rocks in consideration 
(salt, clay and granite)

– Optimization through requirements review 

Deep Geological Disposal. Previous works 

• Priority of HLW/SNF management is interim 
storage

• DGR in 2050 for planning and financial purposes

• R&D supporting Deep Geological Repository 
development adapted to planning. 

• Main objectives:

– Respect of International Commitments and Co-operation

– Maintenance of Capabilities of research groups

– Follow-up of state of the art

– Support future decisions

– Focus on techniques and basic aspects

– Consideration of alternatives (i.e. separation and 
transmutation) and their influence in DGR concept

Deep Geological Disposal. Supporting 
Research
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• ATC. The priority
– Gives time for decision making depending on trends and 

technological and social advances

– The Government has launched the call for candidate 
municipalities to host the Central SNF/HLW Interim Storages 
in December 2009.

– Site analysis to be completed in June

– The Ad-hoc Inter-ministerial Commission will pass a report 
with site proposals

– The CSN approved the generic design of such facility

• NPP on site storage capacity increase as needed

• Research includes extended storage conditions. 
Research on geological disposal and on advanced 
recycling options continue in a scale adapted to 
the general waste management plan time frame. 

• Reports to the Government on 
– Generic Design of Deep Geological Disposal, 

– Management options and 

– Feasibility of advanced separation and transmutation 

Conclusions

ESPAÑA
AMPHOS 21 CONSULTING, S.L.
Paseo de García Faria, 49-51
08019 BARCELONA
Tel.: +34 93 583 05 00; Fax : +34 93 307 59 28

CHILE
AMPHOS 21 CONSULTING CHILE Ltda.
San Sebastián 2839, of. 701-A
Las Condes,  7550180 SANTIAGO DE CHILE
Tel.: +56 2 7991630 

PERÚ
AMPHOS 21 CONSULTING PERU, S.A.C.
Av. del Parque Sur 661, San Borja
Lima 41
Tel.:  +511 592-1275

FRANCE
AMPHOS 21 CONSULTING FRANCE  SARL
14 Avenue de l’Opéra 
75001 PARIS
Tel.:  +33 1 46946917
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Simulating Flow and Transport in Fractured 
Media 

A Puschel, U. Noseck, J. Flugge, J. Wolf 
Gesellschaft fOr Anlagen- und Reaktorsicherheit (GRS) mbH, Germany 

26.09.2012 
A Scientific Visit on Crystalline Rock Repository Development, Prague 

Contents 

• Introduction 

• Example 1: 1 0 transport simulations for a generic repository in Russia 

• Example 2: 20 radionuclide-colloid associated transport within a fracture 

• Example 3 : 20 flow and transport in a fractured medium 

Conclusions 

Scientific Visit on Crystalline Rock Repository Development, 24-27 September 2012, Prague 2 
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i c,~s 
Introduction: Profile of the GRS 

• GRS is Germany's central expert organisation in the field of nuclear safety and 
radioactive waste management 

• GRS is a non-profit and independent organisation 

• Its statements are only bound by technical/scientific principles 

• The department "Repository Safety Research" develops tools for long-term safety 
analyses 

Scientific Visit on Crystalline Rock Repository Development, 24-27 September 2012, Prague 

Introduction: Tools of the GRS for long-term safety analyses 
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Tools of the GRS for long-term safety analyses 

~-------

RepoTREN_O __ 

J 
transport through the geosphere 

I NaTREND -- ~--l 
mobilisation and release of 

I contaminants from the repository 
--~I 

Simlab 
Uncertainty and sensitiVIty analyses 
© European Unton, 1995,2012 

\ 

lt Biosphere 
i.; :::l. 

...... -

Repository 
(near field) 11 

... 
•'h eosphere 
( far field) 

20/30~------~--------~~·~ 
r3t 

cJ ~t_ra_n_s_p_o_rt_th_r_o_ug_h_t_h_e_g_e_o_sp_h_e_re _ _ ~ 

~ d3f 
(density driven) flow 1n the geosphere 11 
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Example 1: 1 D transport simulations for a generic repository in Russia 

1 D simulations for a representative fracture 

Modelling advective transport and matrix diffusion 

0 0.325 0.575 10m 100m 

joint 

e observation points for the assessment of radionuclide migration 

Scientifi c Visit on Crystalline Rock Repository Development. 24-27 September 2012. Prague 
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Example 1: Radionuclide fluxes from the near-field (buffer) 
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Example 1: Indicator ,annual radiation exposure" 
Advective transport with matrix diffusion, transport distance: 100m 
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Example 1: 1 D transport simulations for a generic repository in Russia 
Summary 

GeoTREND used to assess radionuclide fluxes and radiation exposure for a 
generic radioactive waste repository (transport path 100 m) 
Cs-135, and Se-79 are the dominating radionuclides (Ra-266, Th-230, Np-237 
after about 10 million years) 
Outlook: uncertainty and sensitivity analyses will be performed soon 

10' 

Time [a) 

~ 10"3 

!!1. 
e: 1o·• 

! 10. 

.5 10 .. 

~ 
~ 10"' 

10. 
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Tools of the GRS for long-term safety analyses 
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Processes and dependencies 

• advection, diffusion, dispersion 

flu id density and viscosity depending 
on concentration and temperature 

completely coupled equations 
(no Boussinesq approximation) 

permeability: constant, function , 
or stochastic 

user-defined functions 
(initial and boundary conditions, 
parameters) 

• sorption 

• equilibrium 

• kinetically controlled sorption 
(linear and non-linear) 

• complexation 

precipitation 

immobile pore water 

• element-dependent porosities 

• element-dependent diffusion 

anisotropic diffusion 
contaminant-dependent decay 
colloid-borne transport 

• coupling with PHREEQC 
smart Kd-concept 

Scientific Visit on Crystalline Rock Repository Development, 24-27 September 2012, Prague 11 
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Processes and dependencies 

!advection, diffusion, dispersion! 

• fluid density and viscosity depending 
on concentration and temperature 

completely coupled equations 
(no Boussinesq approximation) 

permeability: constant, function , 
or stochastic 

.. user-defined functions 
(initial and boundary conditions, 
parameters) 

• !sorption I 
• equilibrium 

kinetically controlled sorption 
(linear and non-linear) 

• complexation 

• precipitation 

immobile pore water 

element-dependent porosities 

element-dependent diffusion 

anisotropic diffusion 
contaminant-dependent decay 

.. !colloid-borne transport I 
• coupling with PHREEQC 
• smart ~-concept 
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Example 2: 20 radionuclide-colloid associated transport within a 
fracture 

Interaction rates: 

• k1 : 
• kz: 

k3 • Kz: 

free radionuclide (RN) - sediment 
colloid- sediment (detachment) 
colloid -sediment (attachment) 
free RN - mobile colloid 

.. .. 
• k3: 
• k4: free RN - immobile colloid mobile 

. ~4-t~- ··- · ··~··· ...... ·l·~-
~ 

~ 
I sed:ment I 
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Example 2: 20 radionuclide-colloid associated transport 
Model setup 

d3f: 
r3t: 

p- O 
0 

(open) 
dc/dn = 

Immobile 

p = 0 -<~ - - -- - - --- - - - - - - -- - - -- 2o.5o-~ ----- - - - - - - -- - - - - - - - -~ 

dc/dn = 0 

lsedl~entl 

p=O I 
E l 
':) I 

V n = V exp,out 
E dddn = 0 (outflow) I 

~ : dc/dn = 0 
I 

lO I I 

t;: v" .. l,.!,l------+,..-....+-------------J" '-../ 
<J - - - -- - - --- - -[:> 

6.00m 

v = 0 / = 0 (impermeable) 
n 

Vn = Yexp,in 

f n = f exp,in (inflow) 

p =pressure [Pa] 
dc/dn =diffusive/dispersive flux 

v = velocity [m s-1] 
f =flux [m3 s-1] 

Scientific Visit on Crystalline Rock Repository Development, 24-27 September 2012, Prague 

13 

14 

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-263 February 28, 2013



Example 2: 20 radionuclide-colloid associated transport 
Predictive calculations 

Calculations for ideal B.OE-06 

tracer show quite 
08-02, 10·01 and 12·02 
(model curves scaled I 

good agreement with 
:§ 

experiment 6.0E-o6 - -- 08..02, uacer, experiment --- 08·02, tracer. model 
~0 - -- 10-0l , tracer, experiment -- - 1 0·0 1 , tracer, model 
c: --- 12·02, tracer. oxporiment g --- 12·02. tracer, model 

Test run 08-02 10-01 12-02 ~ 
c: 4.0E·06 ., 
0 

Inflow Q 10 ca. 0.55 0.33 c: 
0 

[ml/min) 
() 

-g 
N 

Outflow Q 165 47.2 25 ~ 
§ 2.0E·06 

[ml/min) 0 z 

Injected tracer 15.4 5 4.5 
mass m0[mg] 

O.OE• OO 
Test run period 2.5·105 2·106 4·106 

0 50 100 150 200 250 300 350 
t [s] Time (h( 
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Example 2: Experimental and simulated breakthrough curves for run 10-01: 
Homologues 

Desorption rates from colloids 

tetravalent (Hf, Th): k3 4 = 0.03 h-1 

trivalent (Eu, Tb): k3 4 = 0.075 h-1 
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Example 2: Summary 

• Modelled breakthrough curves for tracer, colloids and nuclides agree quite well 
with experimental data 

• Desorption is stronger for trivalent than for tetravalent nuclides 

• Outlook: experiment with colloid-bound radionuclides was performed 

~ comparison with simulation results when data analyses are completed 
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Processes and dependencies 

advection, diffusion, dispersion 

• fluid density and viscosity depending 
on concentration and tern erature 

• completely coupled equations 
(no Boussinesq approximation) 

permeability: constant, function, 
or stochastic 

• user-defined functions 
(initial and boundary conditions, 
parameters) 

sorption 

• equilibrium 

• kinetically controlled sorption 
(linear and non-linear) 

complexation 

precipitation 

• immobile pore water 

• element-dependent porosities 

• element-dependent diffusion 

anisotropic diffusion 
contaminant-dependent decay 
colloid-borne transport 

• coupling with PHREEQC 
smart ~-concept 
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Example 3: 20 flow and transport in fractured media 

• Vertical 20 model for an area near Majak, Russia 

Four hydrogeological units, five representative fractures 

Comparison of model results of d3f and FEFLOW /DHI 2010/ 

.---- -- -- -- -, 
! {' II 

eli 
0 

Source: /WAL 05/ v+-------------------~ <------- C:a~-af4 n;----- ------> 
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Example 3: Flow simulations 
Parameters and boundary conditions 

CD Clay and gravel 

® Weathering zone 

@) Fractured Zone-
low water circulation 

@ Fractured Zone-
very low water 
circulation 

Fractures 

19 

recharge: 1.31 - 1 o-s m s·1 

~''""'''''"~ 
Geological unit Permeability [m2

] 

!U "0 1: Clay and gravel 2.08·10·12 
a.. ., 
~ 

CD 
(/) 

II : Weathering 0 
(/) 
c: 5.79-10"13 ,.._ ., 

C\1 ~ zone 
0 ' T""" 0 

Ill: Fractured zone 1.16·10"17 0 0 - 00 
0> w 

IV: Fractured zone 1.16·10"21 lO .... 
0 0 
c:i ..... 

I 0 Fractures 
Q) ;.__, .._ 

0> :J 0> Aperture [m] 1.0·10"2 (/) 
(/) ~ Q) .._ ""0 Permeability [m2] 7.52·10·13 0.. lll 

no flow 
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Example 3: Flow simulations 
Results 

FE FLOW 
Flow velod ty 

'""'' 10.-7 

10.·22 

r ,l J 

.: 't ( 
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• I 11 
• • I ~ 

• I~!.' 
• 1·- 1~ 
• ~ ~- 1 

1 
l-2· 1? 
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1- -1 : 

! •.. _:· 
• I. 
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Example 3: Heat transport simulations 
Parameters and boundary conditions 

temperature: 275.15 K 

temperature: 305.15 K 

0 
c 
9i 
~ 
ro-
3 
"'0 
CD 
@ -c 
ii! 
< 
Ill ..., 
iii' 
0" 
(0 

Heat capacity ofthe fluid [J kg'1 K·1] 

Heat capacity of the solid [J kg-1 K·1] 

Heat conductivity of the fluid 

[J s·1 m·1 K·1] 

Heat conductivity of the fluid 

[J s·l m·l K' '] 

Mass-density of the solid phase (rock) 

[kgm·3] 
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Matrix 

4.170 

2.199 

5.97·10·1 

2.66 

3.0·10' 

21 

Fractures 

4.170 

2.199 

5.97·10·1 

2.66 

3.0·10' 

22 
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Example 3: Heat transport simulations 
Results 
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Example 3: 20 flow and transport in fractured media 
Summary 

Simulations of flow and heat transport in a fractured area 

23 

• Flow fields and temperature isolines from d3f and FEFLOW simulations show a 
good agreement 

• Also tracer transport was simulated within the project /SCH 12/ 

Sclenmic Visit on Crystalline Rock Repository Development, 24-27 September 2012, Prague 
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Conclusions 

• A variety of tools for long-term safety analyses is available at the GRS 

• RepoTRENO system: 10 simulations of processes in the near field, far field and 
biosphere, coupling with uncertainty and sensitivity analyses 

• d3f/r3t: 20 and 30 flow and transport simulations in the far field 

• The tools are constantly improved. Comparisons with other codes and 
experimental data are performed 

ScienUfic Visit on Crystalline Rock Repository Development, 24-27 Septem ber 2012, Prague 

Thank you for your attention! 
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1

Geological mapping and structural research:

implication for High Level Waste Disposal

Jaroslava Pertoldová, Kryštof Verner, Jan Franěk

Czech Geological Survey

2

• Historical development of geological mapping in 
the Czech Republic

• Current stage of geological mapping in the CGS

• Significance and practical  utilization of geological 
mapping

• Structural research foccused on HLWD
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Historical development of geological mapping in 
the Czech Republic

Systematic mapping of the territory of the country was first carried out in the 1960´s
and 1970´s in the number of areas and covered the territory of Czechoslovakia at that 

time with bedrock geological mapping at a scale of 1:200 000.

4

Geological mapping at a  scale of 1:50 000

The economic requirements of the state and expanding requirements for more 
detailed information led in 1987-2000 to increased mapping at a scale of 1:50 
000. 

221 Geological and special-purpose maps (maps of mineral resources, 
hydrogeological maps, etc.)

These maps are also available in the digital form on the web site of the Czech
Geological Survey – www.geology.cz
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Geological mapping at a  scale of 1:25 000
since 1990´s and

the current stage of geological mapping
in the Czech Republic

Geological mapping programme is planned for 7 years (2008-2014) and takes place
in ten areas.

CGS´Directive for the compilation of the Map
of the Czech Republic at a scale of 1:25 000.

6
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Geological Map of the Czech Republic at a scale of 1:25 000
and its integral parts

- map part: Geological map with graphic appendices and 
special purpose (thematic) maps,

- text part: Explanatory notes to the Geological Map of 
the Czech Republic,

- documentary part: Documentation and data to the Geological 
Map of the Czech Republic.

8

Geological map

Geological map comprises geological map as such, which is compiled as 
a map with overlying Quaternary deposits and supplemented with 
obligatory information which will be finally placed on the map margin, 
which include:

number and name of map sheet,

legend to geological map

lithostratigraphic scheme

geological cross-section

summary of geological mapping

summary description of regional 
geological units
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Explanatory notes to the Geological Map 

All the important geological features identified 
during geological mapping are summarized in 
the explanation text with following parts and
chapters: Abstract

1. Introduction
2. Geology
3. Geophysics
4. Geochemistry
5. Mineral resources
6. Hydrogeology
7. Engineering-geological pattern
8. Environmental geofactors
9. Important geological localities
10. Geological development
11. List of references and maps used
Special supplements

10

Documentation used in the compilation
of the Geological Map

The term documentation is understood to include all materials that were acquired
and used in the compilation of the Geological Map.

The documentation is divided into:
graphic illustrations 
written documentation
rock specimens, minerals, fossils, thin and polished
sections

(text and numerical information are stored in databases)
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Significance and practical  utilization 
of geological mapping

The results of mapping provide modern, up-to-date information 
on geological phenomena of the state territory of the Czech 
Republic, which is part of international scientific research and is 
employed for comparative studies of geological developments 
on the surface of the planet Earth.

12

• Direct economic benefits include important data of new indications 
of mineral resources, re-evaluation and protection of energy sources 
(coal, geothermal energy), industrial minerals and proposal of potential 
sites for storage of hazardous waste.

Water tunnels in granites of the Jizera Mts -
the antropogenous analogue of the
underground waste depository
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• Records of the extent and thickness of Quaternary sediments, tectonic
analysis, and hydrogeological conditions are amongst important, 
indirect social-economic benefits, that are broadly utilized in land-use
planning, environmental decision-making and evaluation of natural risks.

Brno town agglomeration

Geological mapping provide new 
information relevant to the geochemistry, 
geologic history, landscape planning of the 
Brno town agglomeration 

and ecology of the Moravian Karst and 
other protected areas near Brno

14

• Evaluation of the current state of anomalous values of the concentrations of
heavy metals and toxic and radioactive elements in rocks, river and lake 
sediments, ground and surface waters, and of the risk of radon radiation.

Kutná Hora region

Mapping is important especially in context with a large-scale
undermining of the historical silver-bearing Kutná Hora 
district. The mine system is situated directly underneath the
centre of the UNESCO-protected medieval town of Kutná
Hora. Polluted anthropogenic mining waste deposits may
cause environmental problems. 
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• Evaluation of rock falls,and landslides.

Beskydy Mts.

The Carpatian flysh rocks are represented by 
layers of claystones, siltstones and sandstones. 
These rocks are not well permeable when
speaking about the precipitation and it comes to 
a very quick saturation in their surface layers.

The petrological and tectonic predisposition of
the area result in instability, which led to 
numerous land slides in the past.

Beskydy Mts.

Foto O. Krejčí
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• Palynological research and paleological analysis of peat bogs and limnic
sediments in correlation with radiocarbon dating contribute substantially 
to understanding climatic and vegetative developments in the period of 
the Cenozoic, which is important for comparative studies on the European 
scale. The results are employed for reconstruction of geochronological
development of the given territory, glacial relicts, vegetation and biotopes

Foto E. Břízová

Šumava National Park and adjacent areas
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• An important aspect lies in popularization of geoscientific fields, e.g. 
through installation of the instructive outdoor geological exhibitions 
“Rokyta” and “Geopark Stožec” in Šumava and publishing of the 
monograph “Guide to the Geology of Šumava”, which was carried out in 
cooperation with the administrations of the National Park Šumava Mts.

These activities substantially 
promote and increase the 
development of tourism in the 
mapping areas.

• Definition of important geological 
locations assists the state and public 
administration in suggesting touristically
interesting geological sites in the framework of 
care for the landscape of given territory.

18

STRUCTURAL GEOLOGY: crucial geological research for
HLWD

Structural geology is the three-dimenstional study of processes and
products of deformation of sedimentary, magmatic and metamorphic
rocks.

The main goal of structural geology is to use tectonic measurements of
rock anisotropy to uncover information about the history of rock 
deformation and understanding the regional stress field.

Structural geology is also important for engeneering geology, which is
concerned with the physical and mechanical properties of natural rocks. 

Fabrics and structures of rocks (brittle, brittle-ductile and ductile) such 
as e. g. faults, joints, folds and foliations are internal weaknesses of rocks
which may affect the stability of underground disposals.
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METHODS OF STRUCTURAL RESEARCH

Field structural mapping and microstructural analyses
Identification and desctiption of structures and textures including analyses of
their temporal and space relationships

Application of analytical methods in structural geology
Anisotropy of magnetic suceptiblity (AMS)
Electron Back-Scatter Diffraction (EBSD)
Strain and paleostress analyses

Verification of structural indications with other analytical methods
Geophysical methods such as gravity modelling or seismics
Geochemisty and interpretation of petrophysical properties
Remote sensing and image analysis

Processing of synthetic structural map and three-dimensional
model of tectonic anisotrophy of rocks

20

Durbachite

Granulite

Steep metamorphic foliation

Steep magmatic foliation

Discordant intrusive contact

Folded intrusive contact

Durbachite

Granulite

Ductile fabrics and structures in magmatic and metamorphic
rocks

Pervasive structures as the result of regional geodynamic evolution of rocks
reflecting emplacement processes, high-grade deformation or metamorphism

Folded intrusive
contact of
durbachites and
magmatic fabric
defined by 
space
orientation of K-
feldspars
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Brittle-ductile structures

Localized planar fabrics of later stages of deformation, often accompanied
with retrograde metamorphism and partial recrystallization of rocks

Shear zone with evidence of
right-lateral kinematics (tonalite)

Low-temperature shear structures
Reflecting thrusting kinematics
(migmatite)

22

Faults and joints
Results of deformation in brittle enviroment

Fault plane with kinematic indicators

Extensional joints
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Processing of mesoscopic
structural data

Orientation diagrams of structural elements

Structural map

24

Tectonic indications based on Remote sensing analyses

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-282 February 28, 2013



25

Results of gravity modelling 
indicating geometry and depth

of granitoid plutons

26

Interpretation of
structural data

5 m scale

100 km scale
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Synthesis of partial results of structural, 
geophysical and remote sensing
analyses with broad implication for model 
of intensity of tectonic anisotrophy. 

Map of tectonic anisotrophy of rocks

Domain I.

Domain
III.

Domain II.

Domain I.
Strong intensity of RA

Domain II.
Moderate intensity of RA

Domain III.
Low intensity of RA

C O N C L U S I O N

28

• The geological map compiles and evaluates all the 
available and up-dated data on knowledge of the 
geological structure and current state of the geological 
environment, critical values for environmental 
proceedings, natural risks and land-use planning. 

New geological informations are required for 
sustainable development of modern society and thus 
geological mapping occupies an important
place. 

Summary
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Thank you for your attention

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-285 February 28, 2013



1

Application of Geophysical Methods

for HLW  Disposal in CR 

Miloš R. Karous

RNDr. PhD. DrSc., Professor of Geophysics

GEONIKA Ltd. Prague

Faculty of Science, Charles University   

Gravimetrie 2

InterpretedInterpreted gravitygravity crosscross--sectionsection
ŽŽinkovyinkovy
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InterpretedInterpreted crosscross--sectionsection
fromfrom gravitygravity anomalyanomaly

GravityGravity anomaliesanomalies overover faultsfaults
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Magnetometrie 5

SusceptibilitSusceptibilitiesies ofof rocksrocks andand mineralsminerals

p0

ResultsResults ofof differentdifferent typestypes ofof mmagnetagnetometersometers

nuclearnuclear proton proton precessionprecession ccaaesiesiumum vaporvapor ....
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Úvod do užité geofyziky 7

AeromagneticAeromagnetic contourcontour map map 
KrkonoKrkonošše e MtsMts. . 

AeromagneticAeromagnetic map map 
NorthernNorthern BohemiaBohemia

AirborneAirborne magneticmagnetic
measurementsmeasurements

VolkanoVolkano DoupovDoupov
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Interpreted cross section from complex of geophysical methods
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11

OverviewOverview ofof aeroeleaeroelecctromagnetictromagnetic metmethhododss
a) a) -- d) d) stabstablele AEM AEM profilprofillingling, e) , e) -- g) g) unstableunstable
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kyselé vyvřeliny – vysoké koncentrace, bazické horniny – malé koncentrace
poměr U/Th nejvyšší vápence 
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Conductive tectonic lines according to 
electromagnetic VLF method

Melechov granite massive

Aeroelectromagnetic methods of
exploration

16

PrinciplePrinciple ofof aeroelektromagneticaeroelektromagnetic methodmethod
QuestemQuestem SystemSystem
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The cumulative

results

of airborne

geophysical

measurements

Blatno
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Reflected

seismic

waves from

horizontal

plane 

boundary

Reflected seismic waves from parallel
horizontal boundaries
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Seismic cross-section
Semily 
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A vibroseis truck

Seismic
time
cross-
sections

from

3-D 
seismics
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Thank you for your attention
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Scientific Visit “Crystalline Rock Repository Development” Prague 24-27 September 2012  
 
Miloš (R.) Karous  
GEONIKA Ltd. Prague 
Faculty of Science, Charles University Prague  
 
The application of surface and airborne geophysical methods for recognition of 
geological conditions at candidate locations for radioactive waste repository in 
Czech Republic 
 
Abstract / Annotation   
 
The concept for the disposal of nuclear fuel waste in Czech Republic is very similar over 
all the entire world, i.e. the developing the repository in deeper part (about 500 m) of the 
geological environment to be safety for even many thousands years.  In CR we give a 
preference to crystalline rock environment with multiple barrier system including 
geological one. The knowledge of the deep geology is therefore basic necessity. The 
effective survey may be realized using so called applied geophysical methods - 
geophysics studies the naturally and artificially generated physical fields to assist in 
determining geological conditions.  
 
The presented contribution deals with the application of surface and airborne 
geophysical methods for understanding the geological conditions at greater depths.  
For the disposal of radioactive wastes there is required a large volume of solid compact 
crystalline rocks in order to prevent movement of contaminated fluids to the surrounding 
of the store via different broken and permeable zones. Hard rocks create the second, so 
called far field barrier of safety (first are waste cans).  
 
Geophysical methods bellow to the wide group of applied methods of a geological 
survey. In comparison of the other ones they have some advantages:  

- they are non-destructive (in contrary to wells, boreholes, ditch etc.),  
- they can bring continuous picture of the geological environment in 2-D (maps, 

cross sections) and 3-D models, 
- they are cost effective.  

 
Applied geophysical methods are divided according to the character of the measure 
field: gravimetric, geomagnetic, geoelectrical and electromagnetic, radiometric and 
nuclear, and last but not least seismic methods. According to site of measurement, 
geophysical methods have several variants: surface, underground (boreholes, galleries, 
shafts), airborne and remote sensing.   
 
In this presentation are given examples of application of the different surface and 
airborne geophysics to recognition of geological conditions at candidate locations in 
Czech Republic for the nuclear waste repository (proper locations have not been yet 
determined) and comparison of the possibilities and positives of different methods.  
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APPLICATION OF WELL LOGGING
FOR STUDY OF GRANITOID MASSIF 

FOR STORAGE OF RADIOACTIVE WASTE

RNDr.Martin Procházka &
RNDr.Jiří Lukeš, RNDr.Michal Pitrák

AQUATEST a.s.
Geologická 4

152 00  Praha 5

www.aquatest.cz
E-mail  prochazka@aquatest.cz

Well logging = set of geophysical methods in 
boreholes

In situ measurements of:

 physical properties of rocks
 mechanical properties of rocks
 the stage of tectonical deformation of rocks, detection
of all fractures and fissures, 
 detection of open fractures
 fractures orientation (their dip and azimuth)
 groundwater movements (detection of yields, 
measurements of the intensity of water flow)
 technical parameters of borehole (well orientation-dip
and azimuth, detection of cavities,
quality of cementation etc.)
 optical information from inner space of borehole

Synthesis of results

Measurements are continuos, depth step of digitalization
of acquized data is usually 5 cm.
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Well logging methods:

Gamma log Neutron-neutron log

Resistivity logs

Gamma-gamma log

Photometry log

Borehole TV

Temperature log

Magnetic suscept.

Fluid resistivity log

Caliper log

analog. Acoustic log

Acoustic scanner

Wull wave acoustic log
(sonic log)

Krušné Mountains – borehole near Lesná village

Diameter 76 mm, core drilling, depth 100 m, water level 6 m

© www.mapy.cz
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Gamma log

Neutron log

Resistivity logs Gamma gamma
Caliper log
Magnetic log

Acoustic log
(analogue)

Fluid resistivity

Temperature
Photometry log

Fluid resistivity log in application
of Method of filtration-left column
and Method of constant pumping

Interpreted geology
Interpreted water
movement in the borehole
(water circulation)

Interpreted
open fractures
(permeable
fractures)
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Interpreted parameters of rock massif

Natural gamma activity Density
Velocity of P waves

Attenuation of seismic waves Compression strenght
Young modulus

Depth

1:100

RX1-1A

0 1198us

DENA

2 3g/cm3

XNN

200 700cps

SIGS_K

10 50MPa

Velocity Analysis

0 1123.33us/m

VP_KAS

1000 4000m/sec

Velocity Analysis - dt_comp_max

0 1123.33

Velocity Analysis - dt_shear_ max

0 1123.33

Poisson's Ratio

0 0.5

Shear Modulus

0 10000MPa

Young's Modulus

0 30000MPa

Velocity_comp_ALT

1000 4000

Velocity_shear_ALT

0 2000

10

20

Full Wave Acoustic log

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-304 February 28, 2013



5

Mechanical parameters of rocks (in situ):
 bulk density
Velocity of compresional (P) and shear (S) seismic waves
 Attenuation of seismic energy
 Compression strenght and Young modulus
 Poisson ratio 

Acoustic scanner
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Results of acoustic scanner – discontinuities (fractures,fissures, veins…)

All discontinuities Main Others Indukované

Irregularities-
borehole wall

Results of acoustic scanner – virtual oriented core
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Synthesis of well logging data
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Absence of permeable fractures in the most tectonically deformated zone!
This case is relatively common (fractures in strongly alterated rocks are usually closed by clayey minerals)

open
fissures

Well logging for Tracer tests

Monitoring of connectivity fissures
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1. Tracer test
Monitoring of connection
of the fissure at depth 56 m
between MEL-1 and MEL-2
(20 m distance)

MEL-2:
Water pressure test (0,1 Mpa)
by saline

MEL-1:
Saline appeared in 50 

minutes at depth 56 m

Velocity of induced water
flow was: v = 0,4 m/min.
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2. Tracer test
Monitoring of connection
of the fissures at depths
91 and 93 m between MEL-1
and MEL-2 (20 m distance)

MEL-2:
Waler pressure test (0,1 Mpa)
by saline

MEL-1:
Saline appeared in15 minutes
At depth 96,5 m

Velocity of induced water
flow was v = 1,3 m/min.
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3. Tracer test
Monitoring of connection
of the fissures at depth 139 m
between MEL-1 and MEL-2
(20 m distance)

MEL-2:
Water pressure test (0,1 MPa)
by saline

MEL-1:
Saline appeared in 90 minutes
at depth 148 m and in 
120 minutes at depth 137 m 

Velocity of induced water flow
v = 0,22 m/min.,
v = 0,17 m/min.
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• Hydrogeological communication between neighbouring boreholes is
also demonstrable by combination of logging and simultaneous
pumping in the second borehole.

• Measurements
of water flow in 
the borehole in 
different times
after borehole
completion.

• Control of
natural flow in 
boreholes longer
time after
borehole was
completed is
useful, velocity
of flow becomes
significantly
lower.
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• Water inflows and
their yields are even
after long period 
practically identical.

• Measurements of
water inflows and their
yields in different times
after borehole
completion.

CONCLUSIONS :

• Well logging is offering wide information on rock 
massif in situ:

• Detailed lithology and physical parameters of rocks
• Geomechanical parameters of rocks
• Information of the stage of tectonical deformation,

detection of individual fractures and fissures, detection of open fractures
• Virtual oriented core with oriented fractures and fissures
• Water inflows and their yields
• Groundwater flow and its intensity in individual fractures
• Information on hydrogeological communication between neighbouring

boreholes
• Long term monitoring of hydrodynamic conditions in the borehole
• Technical parameters of the borehole

Well logging is non-destructive method. Compared to surface geophysics- well
logging do not affect utilities
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Thank You for Your attention
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Uncertainties in hydrodynamics and 
hydrochemistry in granites considered as a 

host rock for spent nuclear fuel in the Czech 
Republic

T. Paces and L. Rukavickova

Czech Geological Survey, Czech Republic 

tomas.paces@geology.cz

We studied flow and hydrochemical behaviour of ground
water in mineralogically and chamically homogenous
granite for 5 years

We needed this information to understand water-rock 
interaction in far-field of a deep repository of spent nuclear 
fuel in the Bohemian massif in Central Europe.
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Hydraulic conductivity K 
(m.s-1)

Rock environment

10-13 - 10-10 Compact granite without fractures or with
closed fractures or fractures filled with 
secondary minerals

10-9 - 10-8 Subsurface zone of granite with opened sub-
horizontal fractures or fracture zones only 
partly filled with secondary minerals 

10-7 Opened water conducting fractures of smaller 
extend 

10-6 Regionally significant opened fractured zones 

10-5 Individual opened fractures in larger fractured 
zones 

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-318 February 28, 2013



Arrangement of pumps for 
periodic sampling of 
groundwater from poorly 
permeable granite from several 
depths

PTP-5 average var coef %

CS/cm 149 23

pH 7.3 13

mg/l

Na+ 16 37

K+
2.0 32

Ca2+ 10 35

Mg2+ 1.1 64

Cl ─ 15 51

HCO3
─ 22 41

SO4 
2─ 23 25

SiO2 5.0 62

TOC 35 111
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Depth
Meter

69 – 111

111 – 161

161– 220

220– 300

Days
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Depth
Meter

69 – 111

111 – 161

161– 220

220– 300

Days
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Molybdenum in groundwater
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13C-T0C vs. TOC in borehole PTP-5 and in local springs and stream
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Conclusions

We identified three chemically different water bodies in 
mineralogical and chemically very uniform granite. Their 
compositions are influenced by mixing of deeper 
groundwater with subsurface shallow water and by 
differences in fracture permeability.

The chemical composition of groundwater in the compact 
granite with discrete fractures with low permeability was 
disturbed by installation of packers and by previous drilling 
and hydraulic testing.

The return to a steady state composition was a slow process 
involving mixing of water from different groundwater bodies
and kinetics of dissolution of aluminosilicates (this conclusion is 

based on mathematical model of the processes).
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Each chemical component reacts differently to the 
disturbance. This is manifested by different concentration 
trends observable long after the drilling and hydraulic 
testing has ended. 

The periods after which a steady state or chemical 
equilibrium was established varied usually from 20 to 200 
days, depending on the dissolved component involved.
However, in some cases the steady state was not 
reached even after 1800 days.

The temporal trends are caused by water-rock interaction 
and by inflow velocity of water from individual fractures

We were not able to identify sources of the high concentration of dissolved organic 
carbon (steady state concentration about 30 mg/l TOC). The origin of the organics in not in the 
surface organic matter and it is not a pollution generated either by a surface pollution 
source or from drilling technology. (This conclusion is based on 13C differences)

We were not successful to determine the composition of the organics in the deep 
groundwater in the granite.

The results  shows to our managers, that obtaining hydrogeological and 
hydrochemical data for a risk analysis of the geological repository will require long 
time before we will be sure that our results will represent a stady state conditions 
needed as an input for computer modelling and the risk analysis.
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Thank you

PTP-5 average var coef %

g/l

Al 55 83

As 3.7 109

Be 2.8 164

Cd 0.26 89

Cr 2.0 54

Co 5.6 107

Cu 10 226

F 1500.0 26

Fe 1102.0 131

Hg < 0.08

Li 37 30

Mn 382 111

Mo 14 69

Ni 3.0 81

NH4
+ 170 68

NO3
─ 950 41

Pb 5.1 148

Zn 168 148

V <10
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Radioactive Waste Radioactive Waste DDisposalisposal
Data ManagementData Management

Jitka Mikšová
Technical Development Project Manager

Geological Repository Development Department

Geographical Data Management

2

Czech Office for Surveying, Mapping and Cadastre

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

Role and position:Role and position:

•Complete administration of the Cadastre 
•Maintenance and modernisation of horizontal, vertical and 
gravity control in the Czech Republic, 
•Large-scale mapping (cadastral maps, scale 1:5 000)
•Medium-scale mapping (Base map of the Czech Republic 
1:10 000, 1:25 000, 1:50 000, 1:100 000, 1:200 000), 
•Small-scale mapping of the Czech Republic (1:500 000, 
1:1 000 000), 
•Creation of the Fundamental Database of Geographical 
Data (ZABAGED),
•Geodetic surveys and documentation of state boundaries, 
•Development and maintenance of the Information System 
•Standardisation of geographical names. 
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Map Sheets

3 SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

Geological Data Management

4

Czech Geological Survey

Legal framework:
•Act No. 62/1988 Coll., on geological work, as amended 

•Act and Decree of the Ministry of the Environment No. 368/2004 Coll., on geological documentation. 

•Act No.365/2000 Coll., on public administration information systems

•The task of the state geological survey is to gather and supply data
on the geological structure of the Czech Republicon the geological structure of the Czech Republic

on the protection and utilization of its natural mineral andon the protection and utilization of its natural mineral and groundwater resources as well as on groundwater resources as well as on 
geological hazards geological hazards 

It is obligatory for all individuals and legal entities conducting geological work in agreement with 
geological legislation to submit the data acquired to the CGS (state institution).

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012
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Czech Geological Survey

5

Data and information management - key activities:
– collection and storage of the results of geological work
– information systems and map server development
– provide access to

• geological work results 
• related geological documentation 
• material evidence

•Main scientific and research domains in which the CGS is involved:
– regional geology and geological mapping
– applied geology
– environmental geochemistry and biogeochemistry
– global change

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

Geological Data Register – Rules

6

•all plans for geological work must be registered before work commences

•the data for registration must be completed by the organization responsible for 
undertaking the geological work

•the organization is obliged to forward such data to the Czech Geological Survey at the 
earliest 30 days in advance and, at the latest, one day in advance of work 
commencement

•The CGS  issues a certificate to the relevant organization confirming receipt of the 
completed registration form

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-328 February 28, 2013



Data and Information Structure

7 SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

Spatial Data Structure

8 SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

The Spatial subsystem has The Spatial subsystem has 
been under construction since been under construction since 
the midthe mid--1970s1970s..
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CGS Databases Overview

9 SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

Metadata

10

MUST BE MANDATORY

•Metadata is information that describes the content, quality, condition, origin, and other
characteristics of data

•Metadata may describe and document its subject matter; 
how, when, where, and by whom the data was collected; availability and distribution information; its 
projection, scale, resolution, and accuracy; and its reliability with regard to agreed standards

•Metadata can support the necessary overview of applied data and information

•Metadata allows a knowledge of the quality of the data and its characteristics during the whole 
period of expected utilisation in relation to long term radioactive waste management

•To fulfil metadata requirements, items can be obligatory depending on the level of the national IT 
standard used - INSPIRE

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012
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Metadata

11

Metadata standards

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

Data Sources

12

Remote data – remote sensing and radar data of the Earth’s surface

screening phase of siting, monitoring of possible impacts on the environment, results of 
remediation within the repository lifecycle, regional scale, large areas.

– Potential data providers - mainly international companies

Data from airborne methods – airborne topographic images, airborne geophysics; 

screening, site selection phase, monitoring

– Topographic data – national or local providers.

– Airborne geophysics – might be in the databases of local companies but 
probably foreign exploration company involvement (in terms of the relatively 
expensive equipment required for such measurement)

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

Natural environment characterisation
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Data Sources

13

Natural environment characterisation

Data from the surface – surface investigation, site characterisation stage and 
monitoring within the repository lifecycle.

– archive data – might be in national/state-owned databases as well as in the 
internal databases or archives of research organisations and investigation 
companies; also in local municipality archives.

– new data acquisition will be carried out by research and investigation 
companies.   

Data from the geological environment – data from borehole or other 
underground investigation, site characterisation phase, repository construction phase, 
monitoring.

– Data sources might be the same as those for surface data.

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

Data Properties and Data Workflow

14

– origin

– age

– quality

– type

– character

– time dependence

– acquisition frequency

– thematic framework

– range

– sources

– availability

– accessibility

– level of confidentiality etc.

– ,,,,

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

Data and results publication

Data acquisition and data processing

Data harmonisation
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Database Structure

15 SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

Spatial Data

16

GIS - necessary steps

•GIS scope definition

•GIS system design
– System architecture

– Meta-information catalogue 

– System and data security

– System and data archiving

– SW tools

– HW equipment

– Unified obligatory procedures for all GIS users and producers

– Defined rules for users and administrators

– Maintenance (GIS system, SW, HW)

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

Conceptual model

Logical model

Physical model
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Spatial Data

17

GIS - necessary steps

•Resources identification and provision – finance, staff, HW/SW
•GIS establishment, functionality testing
•Creation of data model(s)
•Data collection/input/transfer
•Data processing/analysis (spatial analysis, 3D, DTM…)
•Data interpretation
•Data availability and retrievability
•Results publication for different groups of users 
•Inclusion in existing information system 
•Data and results storage and archiving (LONG TERM PRESERVATION)

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

Why GIS? – Spatial Analysis

18

Geological data

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

•Tectonics (distance from tectonic fractures) (30)
•Resistivity (from airborne geophysics) (10)
•Horizontal gradient of total vector of magnetic field (10)
•Lithological homogeneity (xenolites) (5)
•Dike rocks (5)
•Occurrence of hydrothermal veins in rocks (5)
•Mineral deposits  and accumulation (5)
•Stability of rock massif (5)
•Hydrogeological properties (20)
•Flat relief (slope) (5) unsuitable (yellow)

suitable (orange)
very suitable (dark brown)

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-334 February 28, 2013



Why GIS? – Spatial Analysis

19 SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

distribution of villages at defined distance from place of interest

Socio-demographic analysis

Why GIS in the Site Selection Process? 

20 SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

over 20 raster layers of the whole of the Czech Republic
over 40 raster layers 
over 180 vector layers

at each of the six potential sites

GIS can be a convenient tool for data integration and processingGIS can be a convenient tool for data integration and processing
inin

all stages of the repository life cycleall stages of the repository life cycle
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Data Storage

21

•Data archiving strategy - storage frequency, timescale, what data has to be 
stored and how long - depending on its importance for the appropriate 
disposal stage and depending on its necessity for other uses with respect to 
current legislation – safety, institutional control, IT, RWM etc.

•It is highly important to consider the long term storage of chosen data and 
information incorporating all the RW disposal phases and the facility’s 
lifecycle. It could be in excess of hundreds of years.

•To bear in mind that storage media could become damaged over time as 
could the associated media quality and settings.

The preservation of Records, Knowledge and Memory (RK&M) is seen as an 
integral part of radioactive waste management.

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

Why Data Management?

22

DATA MANAGEMENT 

ESSENTIAL element of KNOWLEDGE MANAGEMENT

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012

It helps us in the decision-making process
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23

Thank you

SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th – 27th September,  2012
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Linking communication 
theories into Czech reality

Lucie Steinerová
Communications Manager

Prague, September 2012

Siting of nuclear repositories

2

History of participation in repository site selection

3 LILW repositories in operation: 

- Richard from 1964

- Bratrství from 1974

- Dukovany building phase from 1987, operation from 1995 (at NPP site)

All of them were built during communism 

The decision was made as a government directive

NO PARTICIPATION

NO INVOLVEMENT
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Atomic Act 1997 – establishment of SÚRAO

3

The State is responsible for the safe disposal of all radioactive waste in the Czech Republic 

SÚRAO is a specialized state organisation responsible for safe repository operation

• 2000 Repositories transferred into State ownership

 Bratrství and Richard owned by ARAO Ltd. 

 Dukovany by ČEZ Ltd. 

• 2002 The Concept of radioactive waste and spent fuel management 

 Deep geological repository for HLW and SF situated in a suitable host rock is considered the only feasible 
option for the final management of spent fuel

 Other options  – disposal in an international repository and disposal of high level waste generated in 
reprocessing and the further utilisation of its products in advanced nuclear reactors including reactors 
designed for waste transmutation are also considered – currently seen as unrealistic 

Geological research – public protests

4

during geological research – especially the airborne geophysical survey stage – huge public disagreement

• Dozens of referenda against the repository project and research itself

• Local public demanded right of VETO

• Activation of local and national NGOs

• Resolutions of protest from local 

government

• MORATORIUM ON GEOLOGICAL WORK 2004 – 2009 at the earliest 
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ARGONA project 2006 -2009

5

Arenas for Risk Governance                                      www.argonaproject.eu

• The overall objective was to support the transparency of decision-making processes in the radioactive waste 
programmes of participating countries.

• Risk communication forms a fundamental part of the dynamic process of risk governance. It is essential not to 
communicate risk to stakeholders but with stakeholders. 

WORK PACKAGES: 

• Policy-Making Structures 

• Theoretical Perspectives on Participation and Democracy 

• Mediators of Issues and Mediators of Processes

• Risk Communication

• Evaluation, Testing and Application of Participatory Approaches

• Guidelines for Participation and Transparency

Evaluation, Testing and Application of 
Participatory Approaches in the Czech Rep.

6

To discover a safe space for decision-making and discussion aimed at increasing understanding

The approach is based on Swedish experience with the “RISCOM MODEL”

 Establishment of a Reference Group (all stakeholder representatives signed a formal agreement on 
cooperation and set up an agenda following RISCOM principles)

 Establishment of a Working Group (consisting of experts)

The Reference Group sets the agenda and provides the Working Group with guidelines for those activities that the 
Working Group plans and executes. The Working Group also provides the Reference Group with analysis and 
proposals.

THE WORKING GROUP CONTINUES ITS ACTIVITIES UP TO THE PRESENT
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Working group for dialogue

7

Established with the support of the Ministry of Industry and Trade to enforce the transparency of the DGR 
siting process in the Czech Republic in November 2010

Members of the WG:

Local representatives circa 14, MIT, ME, local NGOs, national 
NGOs,

Regulator, Implementer, Member of Parliament, Expert in Social 
Science, Expert chosen by municipalities, Legal Expert…

Advisory body

Executive – provides recommendations and suggestions 

9/2011 – updating of Atomic act.  - Direct annual payments for 
municipalities only for sites where RAWRA receives a licence for geological survey 
work.  Annual maximum of 4M CZK (160 thousand €) per municipality. Fixed 600 thousand 
CZK + 0.30 CZK per m2 of exploratory area

Informative body for the public and involved parties

IPPA Project 2011 - 2013

8

Implementing Public Participation Approaches                    www.ippaproject.eu

In short, the project involves: 

•Enhancing the quality of decision-making processes in nuclear waste management through improving clarity, 
awareness, fairness and trust 

•How to implement participation and transparency processes and how stakeholders should be involved in a “safe 
space”

•Practical organization of safe spaces in national programmes and the exploration of how this can also be done in the 
multi-national context 

•In the Czech case it is one of the ways forward in terms of deepening public participation

– To receive objective WG feedback from “the time of ARGONA”

– Cross-border issues (EIA, Aarhus Convention, added value issues…)  
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What can we learn?

9

Every country is unique from the point of view of history, politics, legislation and national character

• We can learn from 

– Theory

• RISCOM – transparency arenas, its rules and tools

• COWAM approaches – consensus

• PARTNERSHIP MODEL in Belgium

• Haberman’s theory

– Experience

• Sharing knowledge

• Studying processes applied in other countries to avoid making the same mistakes

• Selecting practices or tools which can then be applied in the domestic context with the support of 
foreign experts

THE SHOW MUST GO ON!

10

Although my presentation may be coming to an end, the decision-making process is like a long distance 
train which is forced to make regular stops!

We have to be careful to: 

•Follow the right direction

•Enjoy and learn on the way

•Maintain forward momentum

•Be tolerant with the passengers!
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KURT Activities and prospects

Sep. 26, 2012

Yongkwon KOH

Korea Atomic Energy Research Institute

Sep. 26, 2012

Yongkwon KOH

Korea Atomic Energy Research Institute

The Scientific Visit on Crystalline Rock Repository Development
September 24-27, Prague, Czech Republic

1

Contents

l Overview of KURT

l Plan of KURT extension

l Activities in KURT
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2

KURT_KAERI Underground Research Tunnel

3

KAERI

KURT

Location and Topography
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4

Geology

Geology around KAERI site 
§ Precambrian metamorphic rocks 

biotite gneiss and banded gneiss
limesilicate, biotite schist 

§ Mesozoic plutonic rocks 
schistose granite, biotite granite, 
two mica granite   

§ dykes
KURT

§ located in western part of KAERI site
§ medium to coarse-grained two-mica 

granite 
biotite>>muscovite

Tunnel

dimension

•Tunnel section : 6 m x 6 m

•Access tunnel : -10 %, 180 m

•Research modules : L 30 m / R 45 m

Overburden •Maximum 90 m from the ground surface

5

Layout
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6

Ø Project launch and site characterization in 2003 

Ø Design and licensing for construction in 2004

Ø Construction started in March, 2005

Ø First stage construction was completed in Nov., 2006

2005. 3 2005. 9 2007 2003 

History

7

Present Extension

KURT extension
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8

Extension plan

9

Year 2012 2013 2014

Activity

• SI & Design
-Site investigation
-Tunnel layout
-Excavation method
-Basic and detail design
-License for construction
-Long-term planning of KURT

research program

• Construction
-Tunnel excavation (~100m)
-Tunnel face mapping
-Monitoring of tunnel 
excavation effects on 
groundwater system
-Database of geology, 
hydrology, groundwater 
chemistry, and rock 
mechanics

-Completion of tunnel 
excavation

-Installation of utilities
-Preparation of DEBS-KURT
facility

-Establishment of 3-D 
geological and rock 
mechanical model

Site investigation activities: geological mapping, borehole investigation, geophysical logging, hydraulic 
testing, installation of monitoring well

Extension plan
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10

Tests in KURT

Experiment 1st Phase 2nd Phase
07~11 12 13 14 15 16

• Borehole heater test
• DEBS-KURT
• EDZ characterization
• Migration experiment
• Deep borehole investigation
• Groundwater monitoring
• Very long-term corrosion experiment
• Hydro-structural modeling
• Cubic-law testing
• Spontaneous potential testing
• MWCF characterization

Fracture zone properties
Redox front
Tracer test
Pseudo-radionuclide migration experim
ent

① Validation of thermal properties of damaged 
rock zone

② Validation of ventilation effect on TM behavior 
of rock mass

③ In situ test of thermo-mechanical behavior of 
rock under overheating condition 

KURT  Borehole heater test

Temperature change in rockTemperature distribution

11

l Small-scaled single heater(5 kW) test to study on 
the following area :

1st Phase (Borehole Heater Test)
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7

Concept of the hydraulic test in EDZ 

Instrument for hydraulic  testMeasurement of Acoustic Emission

① Development of techniques focused on the rock 
mechanical characterization

② In situ tests for evaluating the hydraulic and dynamic 
properties of EDZ

③ Investigation of the acoustic wave propagation 
property in discontinuous rock mass

12

l Rock mechanical and hydrogeological property 
around EDZ was studied as following purposes;

1st Phase (EDZ characterization)
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<Breakthrough / recovery curves of eosin B>

<Comparison between exp. and model data><Mobile  LIBD for groundwater colloid characterization>

YH 3-1

YH 3-2

<In-situ migration experimental system>

13

1st Phase (Migration test)

l To improve the understanding the transport and retention of 
solute/colloid in KURT crystalline rock
- non-sorbing tracers (Uranine, Eosine), sorbing tracer(Rb, Ni, Sm, Zr) 

l To develop and validate solute/colloid transport models
- development of solute migration model
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14

5

5
0
0
m

1st Phase (Deep BH drilling-DB-1)

Pressurized
water source

Regulation
system

Inflatable
Packer

Borehole imaging 
device

Fracture

Open 
borehole

Pressurized
water source

Regulation
system

Inflatable
Packer

Borehole imaging 
device

Fracture

Open 
borehole

1st Phase (Fracture aperture by P change)
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16

① Empirical  estimation of long-term corrosion rate 
of disposal canister materials

② Establishment of deep-geological corrosion 
condition

③ Investigation of the effect of DO, Eh, and pH on 
the corrosion behavior

Research topics

Flow-diagram of Corrosion System

On-going (VLT Corrosion test)

DB-1 data Design of multi-packer system

On-going (LT Monitoring)
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Ver. 1 GM Ver. 2 GM Ver. 3

Sequential test

On-going (Hydrogeological modeling)

On-going (Hydrogeological modeling)

YS-6
YS-1

KURT

YS-4
YS-2

YS-3

YS-7
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Layout of the well field for the in-situ experiment

On-going (SP test in crystalline rock)

21

On-going (MWCF characterization)

KP-3

KP-4
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22

On-going (MWCF characterization)

l Fracture zone properties
n 2 BH drilling for KURT extension(done)
n LT Monitoring in DB-1 during drilling
n 2 BH for hydraulic test at MWCF in KURT (planned)
n 1 BH for LT monitoring outside KURT (planned)

23

< Scheme of DEPS-KURT >

< Excavation layout for DEPS-KURT >

2nd Phase (DEPS-KURT)
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• Goals 
• to introduce the various crystalline rock programs to each other, with emphasis on 

“emerging” programmes 
– status reports and peer to peer introductions 

• to explore and identify common issues between the emerging crystalline rock 
repository programmes 

– DAY 1 status reports revealed most programmes have interest in 
• public acceptance and,   
• defining the regulatory or government frameworks, decision making process 

– DAY 2 discussions of repository programme development, the creation of safety cases 
and safety assessments, etc. identified several programmes having interest in  

• methods and approaches to technical site selection,  
• Disposal concepts (horizontal vs vertical cask emplacment, open vs closed 

reposiotry/storage,linking sotrage and disposal through cask size, IS concepts, cask & container 
design, conveyance & handling, shaft vs ramp)  

• data sources (raw data,.natural analogs, material prop, etc.) for creating safety cases/safety 
assessments, and  

• the planning of R&D programmes 
• Lesson learned 

– DAY 3 discussions on siting, site characterization, data, and URLs, identified issues 
specific to crystalline rock disposal concepts 

• flow & transport 
• EBS design and performance 
• fracture network characterization 
• assembling / synthesizing data (geo mapping, -> in-situ/borehole characterization, -> in-situ 

testing) 
• Knowledge management 

• To explore the notion of creating a “crystalline rock repository club”  
– WHY?  

• to enhance programme to programme cooperation, collaboration, information sharing among the 
emerging programmes and to advance information flow from the advanced programmes to the 
emerging programmes  
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• Questions 
• Did the workshop achieve its 1st goal of making introductions? 

– feedback? 
– what interactions were most useful? 

•  Did the workshop achieve its 2nd goal of identifying common issues? 
– feedback? 
– Are there other issues? 

• Did the workshop achieve its 3rd goal of moving toward a xtal rock club?’ 
– Was this workshop useful? 
– Should we consider a second meeting in one year? 

• What would be the primary topics to discuss? 
• What format should it take? Technical conference, workshop, etc? 

– Can we identify a few ideas to pursue programme to programme or pper to 
peer collaboration? 

• Lessons learned to public acceptance approaches 
• Disposal design concepts comparisons and reviews 
• Initial safety case or safety assessment development, FEP database and screening 

arguments  
– to influence the disposal concept 
– to outline the needed R&D programme 

• Modeling and simulation test cases for flow and transport 

• Optimization and influence on funding / economic considerations 
• Linking storage & disposal concepts and prgrammatic issues   

Proceedings of the Scientific Visit on  
Crystalline Rock Repository Development

C-367 February 28, 2013



DISTRIBUTION LIST 
 
1 MS0747 Paul Mariner 6224 

1 MS0747 Ernest Hardin 6224 

 

 

2 MS9018 Central Technical Files 8944 

1  MS 0899  Technical Library   9536  

   (electronic copy) 

 

  





  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	CRRD sand 2013-0339 lac
	appendix c
	03 welcome
	04 prachar_rwm czech rep (2)
	05 Swift Status 2
	06 steininger_current status_germany_2
	07 vomvoris_Swiss_status 2
	08 whittleston_uk status update_2
	09 koh status 2
	10 kovacik 2
	11 banach 2
	12 Sirvydas 2
	13 dogaru 2
	15 shah_Pakistan Nuclear Program_2
	16 orrell 2
	17 Mariner - Technical Bases 2
	18 hardin 2
	19 molinero_Hydrochemical modeling_2
	20 vomvoris_siting 2
	21 woller_geology_2
	22 miksova_conflicts_2
	24 slovak_decis_making_2
	25 freeze 2
	26 swift crystalline 2
	27 molinero_RWM Spain_2
	28 puschel 2
	29 Pertoldova_Verner_Franek_mapping_2
	30 karous_geophysics_2
	30 karous_geophysics_abstrakt
	31 prochazka_well logging_2
	32 paces_hydrogeology_2
	33 miksova_data managm_2
	34 steiner_communication_2
	35 koh 2
	36 blechschmidt 2
	37 andrew summary v2
	Slide Number 1
	Slide Number 2


	last pages



