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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

e (Czech Republic e Pakistan e Spain

e Germany e Poland e Switzerland

e Korea ¢ Romania e United Kingdom
e Lithuania e Slovakia e United States of
e Mexico America

A full list of participants and their contact information is included in Appendix A.
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Group photograph on Day 1. Left to right: Hardin, Sorescu, Vokal, Slovak, Pueschel, Kim,
Kralovcova, Sembera, Koh, Kovacik, Orrell, MikSova, Sirvydas, Freeze, Swift, Mariner, Dogaru,
Hasnain Shah, Whittleston, Banach, Vomvoris, Woller, Steininger, Vencl, Prachat
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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 Prachaft, the Acting Managing
Director of RAWRA, and Jiri Slovak, 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 TAEA 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. Slovak, 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. Vazquez 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
Zaktad Unieszkodliwiania Odpadéw Promieniotworczych (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. Kovacik, 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 m® of spent nuclear fuel, 1,400 m® of HLW,
364,000 m’ 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.

11
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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

12
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e 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 TAEA, 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 wvarious 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).! 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

! 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 [-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 km” 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. MikSova, 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/km®. 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.
Dvorakova, 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 km?.

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. Slovak, 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 10° nodes and 5x10°
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.
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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 d*f/r’t 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. Pertoldova/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. Paces, 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 to 10 m/s range in the upper 100 m, to10™"" to10™° 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, Paces 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. Paces
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. MikSova, 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. Steinerova, RAWRA)

The Atomic Act of 1997 created SURAOQO. 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 MWCEF. 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):

e Public acceptance issues
e Defining the regulatory or government frameworks, decision-making process
e Site selection
0 Methods and approaches, schedule
e Disposal concepts

0 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

e Data management
0 Data acquisition, data collection, data storage, data flow
0 Raw data, natural analogues, material properties

¢ Planning R&D programmes
0 Laboratory and field testing

e Lessons learned

e Flow and transport

e Design and performance of engineered components

e Discrete fracture network (DFN) characterization

e Integration of data and modeling

e Knowledge management
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e Safety case/safety assessment/FEP screening
Further interactions were discussed, with suggestions for
e Future technical meetings focused on topical areas (including deep borehole disposal)

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

e Collaboration with other groups: GSA, AWRA, Migration, NAWG, etc.
e Include LLW and ILW disposal concepts in crystalline host rock
e More discussion of knowledge management

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

o Cost strategies: optimization, estimation, funding mechanisms, decommissioning
e Coupling of long-term storage to disposal concepts

The TAEA 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

e Spain J. Molinero

e (Czech Republic  J. Slovak

e USA G. Freeze

o UK R. Whittleston

e JAEA 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.
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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. Prachar)
PRESENTATION OF STATUS REPORTS (CHAIR: RAWRA - J. SLoVAK/J. MIKSOVA)

Status Report - recent history, accomplishments, site characterization working plans, new
directions, lessons learned, policies, funding, regulatory requirements etc.

1. Status Report — Czech Republic (J. Slovak, 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. SLOVAK/J.
MikSovA)

4. Status Report — Switzerland (S. Vomvoris, Nagra)
5. Status Report — Great Britain (R. Whittleston, NDA)
6. Status Report — Korea (l.Y. Kim, KAERI)

12:00-13:15 LuNCcH

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

7. Status Report — Slovakia (M. Kovacik, 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. Vazquez 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. SLOVAK / 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 LuNncH

13:15-15:00 SiTE CHARACTERIZATION METHODS (CHAIR: RAWRA - J. SLOVAK)

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. MikSova, RAWRA)
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2.

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

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

RAWRA)
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 PoOsT-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

Insights from Safety Assessments for Mined Repositories in Crystalline Rock (P. Swift, SNL)
- Integration with research and development programmes

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

(RAWRA - J. MIKSOVA(CGS - T. PACES)

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)
Simulating Flow and Transport in Fractured Media (A. Pueschel, GRS)
Topics related to site screening and characterization focused on field work

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

Disposal
(J. Pertoldova/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. Luke$/M. Prochazka/M Pitrak, 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. Paces/L. Rukavickova,
CGS)

e. Data management (J. MikSovd, RAWRA)

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

10:30-10:50 BREAK

10:50-12:15 SiTE SCREENING AND SITE CHARACTERIZATION — ToricS OF INTEREST Il
(RAWRA - J. MikSOVA/CGS - T. PACES)

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. SLOVAK )

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. Pacovsky, CEG)
9:30-12:00 Josef URC visit

12:00 - 14:00 Refreshment

14:00 Departure from Josef URC

15:00 T0 16:00 ARRIVAL BACK IN PRAGUE

CLOSE OF SCIENTIFIC VISIT
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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. Becvafikova 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. Dvorakova Markéta dvorakova@rawra.cz RAWRA

USA Mr. Freeze Geoff gafreez@sandia.gov Sandia

USA Mr. Hardin Ernest ehardin@sandia.gov Sandia

CR Mrs. Havlova Vaclava hvi@ujv.cz NRI

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

CR Mr. Karlovsky Jan karlovsky@rawra.cz RAWRA

CR Mr. Karous Milo$ 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 Milos kovacikengeo@stonline.sk EN-GEO Consult

CR Mrs. Kralovcova Jifina jirina.kralovcova@tul.cz TUL

CR Mr. Luke$ JiFi lukes@aquatest.cz AQUATEST

USA Mr. Mariner Paul pmarine@sandia.gov Sandia

CR Mrs. MikSova 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. Pacovsky Jaroslav pacovsky@fsv.cvut.cz CEG

CR Mr. Paces Tomas tomas.paces@geology.cz CGS

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

CR Mrs. Pospiskova llona pospiskova@rawra.cz RAWRA

CR Mr. Prachaf Jan prachar@rawra.cz RAWRA

CR Mr. Prochazka 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. Slovak JiFi slovak@rawra.cz RAWRA

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

CR Mrs. Steinerova Lucie steinerova@rawra.cz RAWRA

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

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

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

CR Mrs. Skvorova Ivana skvorova@rawra.cz RAWRA

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

CR Mr. Vencl Marek vencl@rawra.cz RAWRA

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

CR Mr. Vokal Antonin 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 FrantiSek fwoller@seznam.cz RAWRA's consultant
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B-1



Introduction and Welcome
by Jan Prachaf
Acting Managing Director of RAWRA

Ladies and gentlemen,

| 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.

| 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 unigue 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.

| 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.

| 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 | 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 Prachar

Managing Director
2012

Nuclear sites in the Czech Republic

Richard

O Bratrstvi

Dolni
Rozinka
Temelin

B O Dukovany

~ NPP in operation
L4 Research Reactor
¢ Uranium mine

O Repository

B SF Storage
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Radioactive Waste Management Principles

*Framed by the Atomic Act No. 18/1997

Policy for Radioactive Waste Management and Spent Fuel Management (approved by the Czech
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 Intermedi Level W

+  Amount - 41400 m? up to 2100

. Collection, sorting, treatment, conditioning, transport, storage - RW generators” responsibilities
. RW disposal - RAWRA'’s responsibility

. 3 Repositories in operation : Dukovany, Richard, Bratrstvi

. 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 institutions
Capacity 8 000 m3
Operation since 1964 until 2070

Proceedings of the Scientific Visit on C-6
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Repository Bratrstvi

Disposal of LLW/ILW with
natural radionuclides
Capacity 1 200 m3,

85 % used

Operation since 1974 until
2030

High Level Waste Management

6 reactors in operation and 3 intended

HLW - NPPs Dukovany and Temelin 3000 m3
HLW - new units 2000 m®
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)

Supposed waste amount for the geological repository

Proceedings of the Scientific Visit on C-7
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NSF storage

*NPP Dukovany
*NPP Temelin

*SNF is a property of
NPP’s operator CEZ

«Castor casks

HLW / SNF Disposal Concept rererence besin 1500

Scandinavian disposal concept
adopted for Czech condition

Capacity:
4000 t of SF
3000 m3 of HLW

Operation in 2065
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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

Reference design 2011
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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

2012 The State Energetic Concept Actualisation

Encouraging nuclear energy

NPP Temelin 2 new units
NPP Dukovany 1 new unit

Actualisation of the RWM Concept
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Site selection phases

1 Certovka

2 Biezovy potok
3 Magdaléna

4 Cihadlo

5 Hradek

6 Horka

O Selected Sites for GR — granitic rock
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2 additional sites in consideration

Supposed Site selection proccess 2012 — 2018

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

L |
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Public i | |

° 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 25, 2010 - first meeting of
Working Group for Dialogue

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 m? of exploratory area
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Thank you for your attantion

www.rawra.cz
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Sandia
Exceprivnal service in the wational interest Mational
! A
laboratories

Current Status of the United States
Radioactive Waste Disposal Program

Peter Swift

National Technical Director

U.5. Department of Energy Used Nuclear Fuel Disposition Campaign

Presented to the Scientific Visit on Crystalline Rock Repasitory Development, Prague, Czech Republic

24 September 2012
I ,
Sandia Nationa! Laboratories i it laboy ind bed by Gandla Corporat wholly cwned sutieldinry of Lockhesd Marti
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Source: Based on actual discharge data as reported through 12/31/02, and projected discharges, in this case for 104
license renewals 3

The US Repository Program

W=

= The national mission for management and disposal of used
nuclear fuel and high-level radioactive waste is assigned to
the DOE Office of Nuclear Energy Office of Used Fuel
Disposition {NE-53)

R&D within NE-53 is performed by the “Used Fuel Disposition
Campaign”

The mission of the Used Fuel Disposition Campaign is to identify
alternatives and conduct scientific research and technology
development to enable storage, transportation and disposal of used
nuclear fuel and wastes generated by existing and future nuclear fuel
cycles.

I i
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DOE NE Organizational Chart =

Assastant Sateetary for Nuclear Enetgy

Effective July 17, 2011
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Sandiz

UFD Campaign 2009-Present -

FYO9 Planning meeting at Argonne National Laboratory, June 2009
FY10 R&D

— Disposal R&D, modest level of effort on Storage R&D, no
Transportation R&D

FY11 R&D
— Nine national laboratories participating in UFD
— Significant R&D program in Storage, including Transportation
— Disposal R&D not site specific

FY12 R&D

— Increase in work scope following Congressional appropriations in
December 2012, some elements of FY12 work scope not established
until fourth quarter

— Programmatic uncertainties remain regarding national policy and
litigation

FY13 R&D work scope planning in progress
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UFD Campaign R&D Participants...
9 US National Laboratories

- :,,_‘P-:"'

Pacific Northwest
S e, §E R

Sandia
National
Laboratories

ornl

Ot s - 2 NATIONAL LAsmarony

A Y
iy .-'Fj_|_'_1 ane

frererre rﬂ

BEW?‘EL!‘V Lar

ML
oo Nk oy ’”\l

Sandia
Lahoratories

al Laboratory

Sandia
=
[aboratories

Organization of R&D in the Used Fuel Disposition Campaign

Management
Groups

R&D
Work
Activitles —

Support
Actlvities —

UFD Campaign
Peter Swift

National Technical Director (NTD)

Mark Nutt
Deputy NTD

]

Campaign Crosscut
Mark Nutt Deputy NTD
Group Manager

Disposal Research
Kevin McMahon
Group Manager

Storage &Transportation
Ken Sorenson

Group Manager

—

Perspectives on NW Mgt.

—
——

Management & Integration
International

Engineered Barrler

Natural Systems

Thermal Load Mgt. & Design
Disposal System Modeling
Salt Disposal Investigations
Advanced Modeling

Features, Events & Processes
Low Level Waste Disposition
Inventory Projections

Regional Geology & Tectonic Hazards

Test & Evaluation Capability
Engineered Materials Exp.
Transportation

Security

R&D Investigations
Englineering Analysis

I ‘
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Sandia

Generic Disposal R&D =

= The Nuclear Waste Policy Act and Congressional
Appropriations preclude site-specific repository investigations

= All disposal research must be generic at this stage

" What can generic R&D accomplish?

= Provide a sound technical basis for the assertion that the US has multiple
viable disposal options that will be available when national policy is ready

= Identify and research the generic sources of uncertainty that will challenge
the viability of disposal concepts

" Increase confidence in the robustness of generic disposal concepts to reduce
the impact of unavoidable site-specific complexity

= Develop the science and engineering tools required to address the goals
above, through collaborations within NE and DOE, and with universities,
industry, and international programs

9

U.S. Disposal R&D Focuses on Four Options @&

= Three mined repository options (granitic rocks, clay/shale, and salt)
" One geologic disposal alternative: deep boreholes in crystalline rocks
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How Did the UFD Identify Disposal R&D Needs?  ([@E=,

= Used Fuel Disposition Campaign
Used Fuel Disposition Disposal Research and Development
Roadmap

= “an initial evaluation of prioritization of
R&D opportunities that could be pursued
by the campaign”

=  Completed March 2011

= Used to inform prioritization decisions for
disposal research in 2012 and beyond

= Update in progress

Fuel Cycls Resaarch & Development

Frapaed for
.5 Deparrment of Ensegy

Uved Fusl Disposition Campalgn
Farch 2611

TEREDUSERZN 4300085 R Y

hitp:iwww.ne.doe.gowFuelCycle/neFuelCycla_UssdNuclearFusiDIsposltionReports. htmi

11

Sendia
Lshoratories

UFD Disposal Research Activities

Engineered Barrier Systems (EBS.:' Natural Systems Evaluations
.
~ B Vo

L

| NEAR FIELD | FAR FIELD
El & EBS BUFFER GEOSPHERE BIOSPHERE
g8
ﬁ g (backfill, liner, seals) Host Rock and Other Geologic Units Surface
] o
= 2 [BENTONITE BUFFER] [GRANITIC ROCKS]

S [CLAY, SALT BACKFILL] [CLAY/SHALE]

[DEEF BOREHOLE SEAL] [SALT]

. —
.
Thermal Load Managenient & (Repository) Design Concepts
A
—
Disposal System Environment Modeling

SUPPORT, ANALYSIS & EXPERIMENTAL ACTIVITIES

Engineered Materials Performance  (corrosion, degradation studies)

Features, Events & Processes {how R&D is organized and prioritized)
Low Level Waste Disposition Issues (part of total nuclear waste consideration)
Inventory Projections (LLW/HLW, used fuel, open 2 closed fuel cycles)

12
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Generic Engineered (i)
Barrier Systems R&D

Generic Host Environment (Clay. Granee. Sah, desp borehola)

EBS and materials evaluation | Facrieia ]
for multiple disposal it AT o

Dizpoas fisom {Cemen; H

e Bentonite/Sand Lagers ear Frein,

environments (clay/shale,
granitic rocks, salt, deep
borehole)

Representative activities
* Evaluation of EBS configurations and material properties: backfill and sealing material

(clay and cement)
+ Evaluation of clay / metal interactions at elevated temperatures and pressures:
literature review, clay phase characterization, and experiments
+ Expand THM constitutive and reactive diffusive transport modeling in bentonite
* Laboratory-scale crushed-salt consolidation experiments and modeling

Sandia
Labaratories

Generic Natural Systems Evaluation R&D

Evaluation of key natural system attributes of multiple
disposal system concepts to evaluate
impacts on waste immobilization

and isolation

Representatwe activities
Regional geologic characterization

+ Discrete fracture network simulation

 Effects of spatial heterogeneity in Kd
on radionuclide transport

« Experimental work on Pu colloid
behavior in the presence of goethite

+ Geomechanical modeling of
excavation damage zone in clay/shale
and salt

» Experimental work on saturated and
unsaturated flow through clay

« Experimental work related to direct o e
disposal of e-chem salt in a salt ==

repository *TEM of Infrinsic Pu(lV) nano-colloids sorbed to goethite
at 26" C for 103 days

14
Pl - B T o mee
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Generic Disposal (1) B
System-Level Modeling R&D

o ey Surface
5| B E %
i—
Develop models to evaluate performance of 3£ 5
H H H e ——
multiple generic disposal systems =8 —F
= E = 5
5|3 E= 3
s ig, primary
Representative activitles 8| Daima seal system
» Implement configuration management for the = g: % &t
generic performance assessment (PA) models -‘5-‘-'35 et E
+ Document technical basis for treatment of Features, 2y S j,’ ]
Events, and Processes for each generic PA model Rl B r
« Develop preliminary generic PA models for E £ % =
repositories in clay/shale; granitic rock, salt, and a|0 H ‘g
deep borehole settings Py o S
Highly simplified geometries g ;  aste
» |Isothermal behavior except for deep borehole -
il
(not to scale)

Source: modified from Brady et al., 2009,
Doep Borehole Disposal of High-Leve!
Radioactive Waste, SAND2009-4401 15

Sanig
Thermal Load Management & () s
Design Concepts R&D

Thermal modeling and testing to evaluate thermal loading options for
multiple disposal concepts and alternative waste forms

Storage time required to comply with temperature fimits
as a function of UOX assemblies per waste package
600¢

Representative activities

» Develop representative design
concepts for repositories in
clay/shale, granite, salt, and
deep borehole settings.

= |dentify waste streams for
thermat analysis
Compiete thermal loading
analyses in representative Saft

design concepts for selected . #° % JUR PR

5 " RS B Ledat i N
waste streams ¢ 2 3 5 3 10 32
Number of assemblies

2]

g

‘\
‘e

-
-
-
*

Surface storage time {y)
(>3 (4]
(=3 (=]
o9
L
Y
-
o
»
-

—h
=2
=3

Minlmum decay storage durations to limit peak PWR waste
package surface temperature to 100" C (granite, clay) or 200° C
{salt}. (Hardin et al., 2011, Generic Repository Deslgn Concepts
and Thermal Analysis (FY11), FCRD-USED-2011-000143)
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Engineered Materials Performance R&D

Experiments and model development for long-term performance of
engineered materials in storage and repository environments

Representative activities {limited to repository environments in 2011, expanded to include
storage in 2012)
+ Ongoing experiments (some initiated as part of Yucca Mountain project):
* Immersion: Sampled after 9 months of exposure. Analysis of samples underway
+ Deliquescence: Corrosion initiation experiments with 2-,3-, and 4-salt assemblages completed
* Dependence of extent of corrosion on quantity of salt present is now being investigated
+ Literature survey/gap analysis for material performance in repository environments has been initiated

Trtanium Bolt
Titanium washer
PTFE washer \

ow

L e .

Salt mixture on an Alloy 22 Coupon ‘

T. RH-Controied Environmental Chambes
17

Sendia
) =
Laboratories

UFD Campaign International Activities

Primary new goal for Disposal R&D in FY12: Establish formal
collaborative R&D arrangements ongoing international programs

Ongoing collaborations continue in multiple areas, including
storage, transportation, and disposal

Major current or t0-be started exy . .
Mont Terri: International underground research

Mort et laboratory {(URL) in clay in Switzerland

HE-E Heator Yost: Uodwgraen K.k Laberakny
bl el ) Joining the URL will give DOE access to data from ail
. .
_ Mmﬁ — Mont Tem. R&D, also the opportunity to conduct
‘Samsfocation s previous ventRuten new experiments
wiprriment . . - . n
Colloid Formation and Migration Project
B (Nine-by) Toet: " . . .
o R— s . Colloid research at Grimsel gronite URL in
Fubgoale tpnel — \ . ! Switzerland

o Neonltoring phasa oompleted "
/’ DECOVALEX: (Development of Coupled Models

FEHeator Test: I . + . - .

Fous n Tl it abtton [ and their Validation against Experiments)

variousbeninnlisiciey performance d

DOE has porticipated in the past, new phose of

project began Spring 2012
KAERI Underground Research Tunne| (KURT)
R&D plan for experiments beginning in 2013

processer
Feiracaly bnoe!

Mondtoting starts in Spring 2017 ,\LL;;—*]"*
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Sandia

Questions?
19
} i ey BB m
Recommendations from the Blue Ribbon B

Commission on America’s Nuclear Future

»  BRC's Report to the Secretary of Energy published January 2012

A new, consent-based approach to siting future nuclear waste management facilities.

A new organization dedicated solely to implementing the waste management program
and empowered with the authority and resources to succeed.

Access to the funds nuclear utility ratepayers are providing for the purpose of nuclear
waste management.

Prompt efforts to develop one or more geologic disposal facilities.
Prompt efforts to develop one or more consolidated storage facilities.

Prompt efforts to prepare for the eventual large-scale transport of spent nuclear fuel
and high-level waste to consolidated storage and disposal facilities when such facilities
become available.

Support for continued U.S. innovation in nuclear energy technology and for workforce
development.

Active U.S. leadership in international efforts to address safety, waste management,
non-proliferation, and security concerns.

= The DOE is working to address these recommendations

20
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Radioactive Waste
Management in Switzerland —
Recent Advances and Outlook

Crystalline Rock Repository Development
24-27 September 2012, Prague

Dr. Stratis Vomvoris

Swiss waste management concept

o

o

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

2 24SEP2012 Waste management in Switzerland / Vos
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Nuclear energy in Switzerland

5 Nuclear Power Plants (3253 MW,)
KKL  Leibstadt (1984) 1165 MW,

“Z KKB-I Beznau (1969) 365 MW,
KKB-Il Beznau (1971) 365 MW,

hd KKG Goesgen (1979) 985 MW,

. —}<}<|\/| Muehleberg (1971) 373 MW,

0 100 200 300 km

3 24SEP2012 Waste management in Switzerland / Vos

Nuclear energy in Switzerland

2011: Decision of the Federal Government on a revised
energy policy, confirmed by both Chambers of Parliament

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)

a 24SEP2012 Waste management in Switzerland / Vos
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Swiss concept for HLW/SF* and LL-ILW? repository

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

© HLW/SF repository

® LL-ILW repository

© Pilot repository

O Test area (rock laboratory)

© Access tunnel

@ Ventilation and construction shafts

5 24SEP2012 Waste management in Switzerland / Vos.

Sectoral Plan 'Deep Geological Repositories'

Process and responsibilities

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

6 24SEP2012 Waste management in Switzerland / Vos
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Sectoral Plan — Site Selection Process

7 24SEP2012 Waste management in Switzerland / Vos

Proposed siting regions — October 2008

30 November 2011
Government approval
Stage 1 completed

APPROVED

8 24SEP2012 Waste management in Switzerland / Vos
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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

Office of Energy

rticipation component

Stage 1 Stage 2

9 24SEP2012 Waste management in Switzerland / Vos.

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)

10 24SEP2012 Waste management in Switzerland / Vos
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Example of proposed site

11 24SEP2012 Waste management in Switzerland / Vos.

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

12 24SEP2012 Waste management in Switzerland / Vos
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Highlights of scientific and engineering activities 1/2

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

verify that the state of
knowledge of the
geological conditions at
the sites is sufficient to

of the siting
regions
confirm that the planned
investigations will be
for Stage 1 and
Stage 2

The authorities approved
Nagra’s conclusions.

13 04.07.2012 Waste management in Switzerland / Ett

Highlights of scientific and engineering activities 2/2

Alternative canister materials for SF/HLW
Copper-shell (~ available)

Ceramics (concepts available,
developments needed
-> inherent material properties)

Possibility for copper coating
is being investigated

14 04.07.2012 Waste management in Switzerland / Ett
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Stage 2: Field investigations

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

- LLW siting regions “Sudranden”
and “Jura Sudfuss”

- > 300 km 2-D lines
- Interpretation ongoing

15 04.07.2012 Waste management in Switzerland / Ett

Participation in investigations of 3" parties

A broad range of
information

= Cores (& lab programme)
= Geophysical logs

= Hydraulics

= Rock stress...

16 04.07.2012 Waste management in Switzerland / Ett
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Research at underground rock laboratories
¥ H

10

Il e

Mont Terri Project

Opalinus Clay

\ Grimsel Test Site

Crystalline rock

17 24SEP2012 Waste management in Switzerland / Vos

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

18 24SEP2012 Waste management in Switzerland / Vos
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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

19 24SEP2012 Waste management in Switzerland / Vos

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

I 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

NDA waste management.”
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I Legacy wastes

NDA__ 3

I Higher activity wastes

NDA__ 4
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I Defence wastes

NDA__ 5

I UK waste inventory

NDA__ 6

Proceedings of the Scientific Visit on C-49 February 28, 2013
Crystalline Rock Repository Development



I 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

NDA__

I Conceptual Geological Disposal Facility

NDA__
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I ILW multi barrier concept

NDA__ 0

I HLW and SF reference concept (SKB)

NDA__ 10
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I MRWS site selection process

Stage 1:
Invitation issued and Expressions of
Interest from communities —> Advise Community not suitable
Unsuitable

Stage 2:
SgyEeees R

Community consideration leading to Decision

to Participate ,

Suitable [

Stage 4:
Desk-based studies in participating areas

|

v

Stage 5:
Surface investigations on remaining
candidates |

v
ND\_ Stage 6:

Underground operations 1

I 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)

NDA__ 12
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I Going forward

Key milestones in the program:

e 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
e 2040 - First waste emplacement

Current position ===-=-==============--

€*——————

NDA_ 13

I 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

NDA__ 14
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I Questions?

NDA_ 15
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The Scientific Visit on Crystalline Rock Repository Development

P ) September 24-27, Prague, Czech Republic

< /kaeri

' Korea Atomic Energy
Research Institute

Current Status of
Radioactive Waste Management in Korea
Sep. 24, 2012

Inyoung KIM & Yongkwon KOH

Korea Atomic Energy Research Institute

<] Contents

< /kaERi
' Korea Atomic Energy
Research Institute

Nuclear Energy Program and SF Generation

O &

National Framework for Radioactive Waste
Management

LILW Management

l:

R&D Activities for HLW Disposal

L
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< /kaRi
' Korea Atomic Energy
Research Institute

Nuclear Energy Program
and SF Generation

2
)
& Nuclear Energy Program
~ /KAERI
' Korea Atomic Energy U
Research Institute - _l \
y »
= 21 NPPs are in operation, 30.3% of total elec}ricity int;011 Ulchin
d 4 6 units(PWR)
5 Nuclear Energy ~46% by 2020 and 59% by 2030 (MKE) ='p AAAA
¥ S.& AAAA
g In operation e "
| : A s -
21 units g S Wolseong
| 4 units(PHWR)
| (18,716 MW) f} AP
8 aa
| J
=
| b Under ) ap- W Kori
e | construction L 5 units(PWR)
7 units Seoul AAAA
(8,600 MW) NL aaAaa
Under _ g |E|a|.cvi\llit3isposa|
| Planning(w,K) Yogg..gwang —u (under construction)
, 4 uni =5 bunits(PWR)
| units 5 a.
| (5,600 MW) ag @ /n Operation
&= A Under Construction 3
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a

s Spent Fuel Generation
' Korea Atomic Energy
Research Institute

@ 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.

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

< Annual Spent Fuel Generation 720t/yr + Projection of Spent Fuel Generation
120
10 —PWR SF
i Iy ~
-§ a0 d /
é?ﬁ % //
%% ':‘J 1198atin2011 _~ 7
% 0 =L ~
+ 95 tiyr,unit * 20 tiyr, unit 5 4 // //
¢ 4 units ¢ 17 units g
+ 380 tiyr * 340 tiyr '; =
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
o
)
s Spent Fuel Storage at NPPs

' Korea Atomic Energy
Research Institute
* As of Dec. 2011 (Unit : Assemblies)

# To secure the on-site storage capacity

Site Capacity  Saturation Accum.
Kori 5,971 2018 4,701 * PWR's storgae facility has been expanded
J\Zgﬁé 71154 2016 4671 by re-racking and transshipment.
— = CANDU SFs have been transferred to
Uljin 5,550 2017 3,906 - .
Wolsong | 499,632 2018 344,456 the dry storage facility (concrete silo)
Total 518,307 357,734 since 1991
@ Kori

= Unit 1 : Transshipment to Units 3&4

= Unit 3&4 : Addition of high density racks
@ Ul chin

= Unit 1&2 : Full re-racking of AR pool
€ Young kwang

= Unit 1 : Transshipment to Units 3&4

€ Wol song
= Unit1: 300 Concrete silos for 162,000 bundles
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< /kaRi
' Korea Atomic Energy
Research Institute

Expansion of SF Storage Capacity

PHWR(CANDU) SF

@ Concrete Silo
® MACSTOR/KN-400

Transshipment between NPPs

),

)

< /kaeRi
' Korea Atomic Energy
Research Institute

yu wear

Radioactive Waste
Management
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A National Policy for RWM

/ KAERI
' Korea Atomic Energy
Research Institute

253rd AEC’s Decision (pec. 2004)

@ Final repository for LILW should be constructed by
2009. - Delayed until 2014 for safety reason

€ 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.

A Act for RWM

/ KAERI
' Korea Atomic Energy
Research Institute

® This Act has been effective since January 1st, 2009.
® Key contents are:
(D Establishment of a new Org. as a implementer for RWMA
- Korea Radioactive Waste Management Corp (KRMC)
@ Establishment of the RW Management Fund
which is paid by the Radioactive Waste generator(s).
- KRMC is responsible for managing the RWM Fund
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) Organization for Nuclear Energy

< /kaRi
' Korea Atomic Energy
Research Institute

President

pIxtaiorTigi |
(@) Fmirtel Nssc

Kins

Prime Minister

1 |
- Ministry of /=" Ministry of
IMKE  Knowledge & Economy Education, Science & Tech.

Regulatory Work

é Kinac NuclearMat’l Control ]

-
. 3
F21I0EPCO  Electric Power Co. < Fxacm Nuclear Research
Z Hydro &
%% ICHND Nuclear Power
A/E + NSSS
L mc-gp,.; Désign % ACRONYMS
AEC: Atomic Energy Commission
c5 m Nuclear ] NSSC: Nuclear Safety and Security Commission
ne=  Fuel Supply KINS: Korea Institute of Nuclear Safety
KINAC: Korea Institute of Nuclear Nonproliferation and Control
KEPCO: Korea Electric Power Corporation

F C
m Rad. Waste Manage KRMC: Korea Radioactive waste M Corporation
KAERI: Korea Atomic Energy Research Institute

) Mission of KAERI vs. KRMC

< /kaeRi
' Korea Atomic Energy
Research Institute

)
—
</m  Nuclear Research

Lot
Sarage Transpartation Cedk Besasier
4 HW Revasrch for Pyroproceia/Bhposal

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

- * MEST/KAERI is focusing on the

@ KRMC Rad. Waste Manage development of AFC.

v' Final management of all kinds of radioactive
waste produced in Korea

v KRMC is responsible for implementing
radioactive waste management projects like
transportation, storage and disposal.

Crystalline Rock Repository Development
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] Mission & Organization of KRMC

< /kaRi
' Korea Atomic Energy
Research Institute

¥ 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

~ Progress in National Plan
o for Long-term SF Management

' Korea Atomic Energy
Research Institute

& A

Long-term Ma Y J

@ 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).
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rsd
(/I(AEIII
Korea Atomic Energy
Research Institute

Alternatives

* Re-use Track (Orange): after 30 yr storage of pyroprocessed waste from 2040

Long-term SF Management Planpra

« Direct Track (Blue): CANDU SF after NPP Shutdown, Silo Storage, D&D / PWR SF after Storage

1997

Demonstration

Concept

Development Conceptual Design

« Conceptual Design
of Pyrowaste

KRS design
+1/3 Scale EBS

« SF direct disposal
Manufacturing &

« Concept Analysis,
system(KRS)

L‘_)e_velopment of

Lo e

®
Forcoramie

2000 2qlD 2q20 2q30 2q40 2q50 20‘60 2q70 2qSD 2q90 2]'00
CANDU SF ‘ ‘ PWR SF
Interim Storage ~_ Disposal _ Disposal

E A A >

SF Management = ? -
KAPF construction (30 t{yr) __Pyroprocess HI:W Disposal
SF/HLW Disposal System Development to support Government
e 2007 2012 2017 02

A-KRS+
Development

« Retrievable Disposal
System Development

R&D strategy i | Performance
- Safety Evaluation development Disposal System onloaten + Upgraded EBS &
= Construction of * Modeling of KURT Performance
KLRT site characteristics * Safety Case Evaluation

(‘._;Vn

/KAERI
Korea Atomic Energy
Research Institute

=J LILW Management
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— . .
Foaz LILW Disposal Site(Gyeong-Ju)
Research Institute

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

Shin-Wolseong
#1,#2

LILW disposal site
(2.1 km?)

©® Altitude : = 30 m from sea level

® Disposal capacity : total 800,000 WP (100,000 packages for the 15t stage)

A Disposal Method
‘/ﬁgf:; Atomic Energy
Research Institute

m Silo type (underground) Wt )
. "::::";;,:’—wmm
m 80~130m below ground (15t stage) sl PR u

B D24m x H50m (internal)

T
LT
LT

covc - — swrrere s
v T ) BRANAGE SYTEM
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< /kaRi
' Korea Atomic Energy
Research Institute

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

<] LILW Disposal Facility Construction

< /kaeRi
' Korea Atomic Energy
Research Institute

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

o=
LT

[Portal] [Shaft Entrance]
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<) LILW Disposal Facility Construction

< /KAERI
' Korea Atomic Energy
Research Institute

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

l Operation Tunnel B Construction Tunnel

Excavation rate: 100% (1,415m/1,415m) Excavation rate: 100% (1,950m/1,950m)

y
F5535558 8 %
e

20

-,

o

< /kaeRi

' Korea Atomic Energy
Research Institute

1) R&D Activities
for HLW Disposal

no
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Korea Atomic Energy
Research Institute

o Advanced Nuclear Fuel Cycle

Spent‘ el

U=TRU-ZrEuel

R
(Sodlum-_o;o' loed Fast|
Reactor))

"+ saves disposal space by a factor of 100

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

/KAERI
Korea Atomic Energy
Research Institute

[Facility Desig|

Fission

Decladding  Voloxidation

PWR SF
Craddin
Mmaterial”

Research activity

133
A

Molten salt
Waste treatment

) | 0 Y

Recycle.
or treatment

i\
Recycle
or LLW.

S, Pyroprocessing

¢ Purposes
O Increase throughput
O Simple and easy operation mode
' O Reduce waste volume
4 Improvement
Sodum-coniea O Graphite cathode
O Crystallization method

Bench-scale
Inactive test

Inactive test

Inactive test Optimization

’97

*07

12 ’16
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~ Current Activities for HLW
&% Management Programme

/KAERI
' Korea Atomic Energy
Research Institute

Formulating long term management programme for spent nuclear fuel
Strategies for interim storage and final disposal policies including time table,
budget, and R&D programme

r T T T T
2010 2020 2030 2040 2050 2060 2070 2080 2080

Site

Char izati i {
HLW Disposal ® L - —h O— ®
Final site Trial I_ 619tyr _ _ oisposalof _ _ _ _ _ A sy |

operation [========
(CANDU SF) RYOHLW

Preliminary studies on construction of deep URL and knowledge management
system

Korea and the United States started a 10yr feasibility study on pyro-processing
technology.

For international collaborations, KAERI and SNL has carried out the applied
study on the spontaneous potential method since 2010, which will give an idea to
indicate the conducting features in fractured rock mass. 5

i KAERI R&D Program for
T HLW Disposal Technology Development

/KAERI
' Korea Atomic Energy
Research Institute

1997 2007
B For developing an appropriate advanced fuel cycle, KAERI is developing a
HLW disposal technology as follows:
» conceptual design of an advanced geological disposal system

» development of safety assessment methodologies
» characterization of a deep geological environment around KURT facility

» EBS design and nuclide migration study

2012 2016

« Development of Korea Repository
System

Demonstration

ess—— fOr DVI0-
1 situ experiments processing wastes

at KURT, .
- Establishment of
TSA

Studies in

* Development of
TSPA of A-KRS disposal system
KURT

Geoscientific
study

Proceedings of the Scientific Visit on C-67 February 28, 2013

Crystalline Rock Repository Development



)

< /kaRi
' Korea Atomic Energy
Research Institute

C. Geoenvironment

,1 - Groundwater
. - Tectonics

- Geology

R&D Projects for HLW Disposal

Obiecti To develop the Advanced Korean Reference disposal System
jective to integrate all HLW and LLW to be generated in the future
A. Syétem Developmentt

- Source-term Character. - . -Safety assess. of
- Disposal sys. design
& assessment
: - National policy

o “4 - In-situ hydraulic
tests (KURT)

Technology Development

B. TSPA Study

disposal system
- QA system

Reference System

(A-KRS)
AT/FP migration
- feasible S tests in reducing
afe : condition

. Database

- Eng. Scaled THM behaviour
experiments

- EDZ characterization

- Basic study for Demonstration

and Validation of EBS perform. 26

)

< /kaeRi
' Korea Atomic Energy
Research Institute

Research topics

@ Source-term analysis for

HLW from pyro-processing
@ Design of EBS and layout
(® Performance analysis

Development of a Geological

l‘* I
i’ High-thermal
Wastes

Disposal System for HLW

Metal Waste

Geological Repository: A-KRS Long-lived Ceramic HLW
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o4, Integrated SA of the A-KRS

~ /KAERI
' Korea Atomic Energy
Research Institute

( Development of the scenarios )

Research topics

(D Development of the scenarios for the post-
closure safety assessment

(@ Post-closure safety assessment of the A-KRS

(3 Operational safety assessment of the A-KRS
using the PSA tools.

( Post-closure safety assessment )

Dose to Farmer

)

Geological Environment
SFonar Assessment of Korean peninsular

' Korea Atomic Energy
Research Institute

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

® 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
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< /kaeri

' Korea Atomic Energy
Research Institute

Thank yoy

30
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Milos KOVACIK
EN-GEO Consult, Ltd,

Igor SLANINKA

Geological Survey of Slovak Republic

Jozef PRITRSKY

DECOM, a.s.

Development
of Geological Repository of HLW
in Slovakia
(status, year 2012)

Frague, Czech Replblic

20-27 zeptember 2002

Deep Geological Repository in Slovakia
(original plans)

Research, development, exXploration, design activities
1996-1998 Phase | (screening of the whole territary)
1998-2001 Phase Il (site selecticn and characterization)

2004-2007 Phase lll (selection of 2 sites)

2008-2012 Phase I\ {selection of one preferred site)
2012-2030 Phase V (design documentation, site licensing, permit)

2030 Beginning of canstruction (construction permit)
2030-2055 Construclion
2037-2085 Operation

2057-2095 Successive partial closure

2095-2103 Final closure

Bragus Czech Republic
24-27 September 2012

Proceedings of the Scientific Visit on
Crystalline Rock Repository Development




R & D for a Deep Geological Repository
in Slovakia

Research, development exploration, design activities (coordinated by, Decom Slavakia
Lid. 1858-2001, hasad o inilal stedy'of Nuclear Research Instline: Pl Prague-Rez, 156833

Cesignand implemanlation (EGP Invest, Ltd|, Uhersky Brod, Czech Republic-and
Energoprojekty, Plc,, Bratlslava)

Source {erm (Muclear Resoarch [nstitute; Plos, Rrague, Czech Republic)

Nearfield (Nuclear Research Insttite, Plc., Prague. Czeth Republic)

Far fiald (Goological Survey of Slovak Republic, Bratislava)

Siting [Gealogical Sunvey of Slovak Repubilic, Bratislava)

Sataty analyses(Niclear Fower Plants Researchinstitute, Plc., Trnava Slovak Republic)

Fubl i invalvament (AEA Techidlogy, Harwell, LLK. and Decom Siovakia, Ltd,, Trnava,
Slovak Republic)

Lagisiation (Decem Slovakia, Ltd,, Trnava, Slovak Republic)
Quality assuranoe (Decom Slovakia) Lid., Trnava, Slovak Republic), and
Cogrdination {Docom Slovakia, Lid., Trnava, Slovak Republicy

Geological research of crystalline environs (Geological Surveyol Siovak Republic, 2001.2002)

Research.of site salaction In sedimentany environs (Seological Survey of Siovak Repiblic m
cooperalion WFHAES SCKCEN Traciobe| 2012015

site characterization methodotogy ef sedimentary environs {(Geolonicsl Subiey of Slvak
Repuibifio, 2067205

Frague  Gzech Republic
24 27 September 2002

Design and Implementation
(1996-2001)

Technical design for two hypothetical sites (sedimentary and
crystalline)

Conceptual ideas (transportation, reception of spent fuel and
HLW, encapsulation, conditioning, manipulation,
transportation, emplacement of containers, control systems,
etc.)

Preliminary safety, technical, and economic requirements for
implementation, time scale

Analysis of the need for an underground laboratory (generic or
confirmation)

Preliminary feasibility study

Prague, Czech Republic
a2 aeplember 2012

Proceedings of the Scientific Visit on
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Source Term
(1996-2001)

* Study of:
— physical and chemical properties of spent-fuel assemblies

— mechanisms of radionuclide release (from spent fuel and
vitrified/cemented forms)

Fragie Gzech Republic
24-27 September 2072

Near Field
(1996-2001)

Modelling of engineered-barrier and container

Assessment of physical and chemical properties of sealing
materials for closure

Radionuclide migration and retardation in engineered
barriers

Transport characteristics of the critical group of
radionuclides.

Proposal of a disposal container

ragus; Czech Republic
-27 September 2012
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Far Field
(1996-2001)

® Analysis of groundwater flow mechanism (in saturated and
unsaturated environments)

Modelling of dissolved substances transport
Coupled processes

3-D models of potential sites

Prague, Gzeoh ReplUilic
24-27 Septeiriber 2012

Siting
(1996-2001)
* Screening of the territory of Slovakia

¢ Sijte selection

® Sijte characterization

Fraous, Czech Bepublic
2427 Septambar 2012
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Geology of Slovakia

Fragle Czech Repubhc

24-FT Gepembar 2002

Main litological types of rocks
of the Western Carpathians

Magmatic and metamorphic rocks (Paleozoic and older)
Carbonate rocks (Mesozoic)

Flysch sequences (Tertiary - Paleogeng)

Molase sediments (Tertiary - Neogene)

Volcanics (Neogene)

Quaternary deposits

Pragls, Czech Replblic
24-27 September 2012
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Requirements to the host rock

Long-term safety over the lifetime of the repository
Favourable hydrogeological conditions

Lithological a tectonic homogeneity

Neotectonic stability

Absence of raw potential raw materials

«Technical" parameters of rock mass

Fragus Czeoh Repubic
2427 September 2012

Prospecive host rocks
for a geological repository
in Slovakia

Granitoid rocks: granite, tonalite, granodiorite, etc.

Argillaceous rocks: siltstone, claystone, mudstone, etc.
(Schecen schlier, Ciz Formation)

Frague, Gzeoh Repulilic
24-27 September 2002
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Hard rocks
(granitoid rocks of Palaeozoic age)

Large horizontal and vertical rock bodies
Neotectonic stability

Lack of mineral resources

Lithological and structural homogeneity ?2?

Hydrogeological conditions (permeability only along
discontinuities) 2?2

Favourable engineering geological, termophysical and
technological properties

Praogue Czech Bepublic
2427 Geplember 2012

Soft rocks

(claystones, siltstones of Neogene age)

Large horizontal and vertical extent

Absence of brittle tectonics

Very low permeability (k; < 3.10'1 m.s1)

Absence of mineral resources

Homogeneity of properties

Less suitable engineering geological, termophysical and
technological properties

Good sorption propreties

Reduction conditions

»Predictable" rock environment

Low energy of relief

Presence of geodynamic phenomena (landslides, erosion)
Deep groundwaters of Na-Cl type

Hragle, Czech Replblic
24-ZT geniempal 2042
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Positives and negatives
of granitoid rock environs in Slovakia

Stable rock environs

Low dynamics of the area

Favourable mechanical and termophysical properties
Standard technology of construction

Proximity to the waste source

Lithological heterogeneity
Hydrogeological conditions
Tectonic deterioration

No exact data from deeper horizons

Frague Czech Peplibhc
2427 Seplember 2012

Positives and negatives
of argillaceous rock environs in

Slovakia

Hydrogeology
Homogeneity

No brittle tectonics

Good retention properties
~Predictable" rock environs

Technological quality of rock
® Geodynamic phenomena (landslides, gully erosion)

Occurrence of CO, emanations and mineral waters not far
from site (Ciz 5;:33
Closeness to the state border

Frague Gzech Republic
24-27 Septembel 2032
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Prospective areas for a HLW repository
within Slovakia

Central part of the Tribec Mts. (48,6 km2)

Southern part of the Veporske vrchy Mts. (77,7 km?)
Soutwestern part of the Stolické vrchy Mts. (24,2 km?)
Eastern part of the Cerova vrchovina Uphills (87,0 km?2)

Western part of the Rimavska kotlina basin (85,2 km?)

Fragus Czech R=plblic
Z4.27 Septembar 2012

Geological studies performed
and data gathered

Geology (mapping, drilling, geophysical measurements, lab testing)
Hydrogeology

Geochemistry and hydrogeochemistry

Engineering geology (properties of rocks, soils)

Seismicity and Neotectonics (GPS field measurements)

Geomorphology (geological processes)

Pragus; (Czech Republic
24-Zi Septemban 2012
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Driling and sampling

Praglia, CzechHenublic
24:27 Seplaimber 2012

Gaolog;nél}g profil okolim vrtu RAO - 4 (Ziar)

M 1: 50000
(M Kohiit, 2001)

L e A T T T
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(3]
-
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Borehole RAO-5
in the South Slovakian Basin

Graficks schima wiu RAO-S

" Gemtogliky profl okalkn vriu RAD - & {Carovi vrchaving - Gemertel)
W1: 75000
A Hagy, 2000)

gue Czech Republic
wepteinbe- 2052

Conclusions

Almost nothing has been made since 2001
The ,tip of the day" is to

To decide (in respect
of PA, SA, etc.)

To assess intuitively rather than rationally - argillites seem
to be more ,favourable" (more ,predicitive" environment)

Repository available in year 2037 is an unrealistic plan

An international solution is not excluded

The decissive factor -

Rragle, Gzech Republic
d4-2¥ september 2012
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Status of radioactive waste management in
LITHUANIA

Arlinas Sirvydas

Nuclear Engineering Laboratory
Lithuanian Energy Institute

Programme for the scientific visit on crystalline rock repository development
Prague, Czech Republic
24-27 September 2012

[E]
IGNALINA NPP

There is only ohe nuclear power
plant in Lithuania - Ignalina NPP with
two units of RBMK-1500 reactors

INPP reactors were commissioned in
1983 and 1987 respectively

They original design lifetime was
projected to 2010-2015

Ignalina NPP was a vital component
in  Lithuania’s energy balance
because it was generating more than
70 % of the total electricity
production in Lithuania

In 2002 Government took a decision
to perfform ‘immediate dismantling”
of INPP

The first unit of INPP was shutdown
in 2004, the second — 2009

Proceedings of the Scientific Visit on C-95
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Waste quantities

» Final management of existing operational and arising decommissioning
radioactive waste will require disposing of:

o 60000 m? of very low level short-lived solid wasie
o 100000 m?® of low and intermediate level short-lived solid and solidified waste
o 17000 m? of low level short-lived solidified bitumen compound

» In addition to already defined waste management routes an interim storage
is required (until decision on final waste management technology will be
taken) for:

o 6500 m® (including 3000 m?® of graphite) of low and intermediate level long-lived solid
waste

o 40000 spent sealed sources
o 22000 of spent nuclear fuel assemblies (about 2500 tons of uranium)

» Therefore, a reliable and effective management of radioactive waste has
become a key to the Lithuania’s nuclear programme

National policy

» Lithuania has established an appropriate legislative and regulatory
framework in order to ensure safety of radioactive waste management. All
the legal acts concerning radioactive waste management are prepared
according to the best national and international practices, including IAEA
recommendations

» According to the Law on the Management of Radioactive Waste, the
radioactive waste is defined as spent nuclear fuel and substances
contaminated with or containing radionuclides at concentrations or activities
greater than clearance levels and for which no further use is foreseen. The law
defines principles of radioactive waste management

» The Strategy for Management of Radioactive Waste implements provisions of
the Law and defines state policy for required changes in the existing
radioactive waste management system
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Predisposal management of solid radioactive waste (except
SNF)

» All solid radioactive waste currently is stored in storage facility at the INPP
site. The facility consists of four buildings

» The buildings have a total storage capacity of 29000 m?2, of which around
90% is filled today

» The radioactive waste to be stored in the existing facility is sorted into three
groups (G1, G2, G3) according to activity level

» Different waste groups and categories are stored in separate compartments

» Since 1990 institutional waste from Lithuanian small producers is also stored
in the facility of INPP

» The first step towards modernization of the predisposal solid radioactive
waste management practice was establishing of the new waste classification
system

» The new system for classification of solid radioactive waste in Lithuania is
based on the anticipated waste disposal method

Ei

Predisposal management of solid radioactive waste (except
SNF)

CURRENT PREDISPOSAL PRACTICE PROGRESS IN PREDISPOSAL PRACTICE DISPOSAL OPTIONS
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Predisposal management of solid radioactive waste (except
SNF)

» The new Solid Waste Management and Storage Facility (SWMSF) will be
constructed for characterization, treatment, conditioning and interim storage of
the existing operational and during the INPP decommissioning generated solid
radioactive waste (operation foreseen to start in 2013-2014)

Waste ol G, GZ Me Yocemmissiconing wasie B3 waste
_t
sz laltllq ul m sonting :-ll |
x © c EI

R

1-treatment facility, 2-5L waste storage,
' 3-1L waste storage

Transter to |[ Transter to [ Transter 1
Liczore || Wstore || L store

» Institutional waste storage facility at
Maisiagala site

o The facility was buiit in 1964 and closed in 1989
(as disposal facility)

o The vault is only partially filled with waste
(about 60% (120 m3) of the volume)

- The waste is inter-layered with concrete

o In 2004-2006 safety and security of the waste
storage facility was essentially upgraded

o The facility was licensed as storage facility (i.e.
it was not recognized being suitable as waste
disposal facility)

o A decision should be taken in the future when
the waste shall be retrieved, sorted,
characterized and disposed of or interim stored
until appropriate disposal facility will become
available
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Predisposal management of solid radioactive waste (except
SNF)

Free release measurement facility

» Regarding the clearance procedure in
Lithuania, the operator shall measure
waste, intended for free release,
ensuring that the clearance levels are
not exceeded

» Free release facility for INPP
operational waste was commissioned
in 2006 (not sufficient to cope with
decommissioning needs)

» The new modern Free Release
Measurement Facility for the INPP
decommissioning waste has been
commissioned in 2010 (throughput of
2.5-25 tons of material per shift).

3]

Predisposal management of liquid radioactive waste at INPP

» The INPP operation, maintenance and decommissioning produced aqueous
radioactive liquids, which are collected and treated in the INPP Liquid
Radioactive Waste Treatment Facility (LWTF)

» Concentrates left after evaporation are solidified by mixing them with binding
material — bitumen

» The bitumen compound, is then poured into the steel lined concrete vaults of
the Bituminized Waste Storage Facility(Building 158) (capacity of the storage
facility is up to 22800 m?3, at present filled up to about 60%)

CURRENT PREDISPOSAL PRACTICE PROGRESS IN PREDISPOSAL PRACTICE DISPOSAL OPTIONS
} [}
]

. Cleaned liquids Reusa or

free reloase

G lon lo
tisposal facility

l Concenirate

Biluni- Ivtarie
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1¢
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Predisposal management of liquid radioactive waste at INPP

Solidification of spent ion-exchange resins, evaporator concentrate and filter
aid (Perlite))

» In the context of modernization, the INPP has installed a new Cement
Solidification Facility (CSF), has constructed a new Interim Storage Building
(ISB) (licence for operation of the facility received in 2006)

Currently waste oils are collected and stored at the INPP in tanks separately
» from other waste

» Stored waste oils and generated during decommissioning will be incinerated
in the new SWTF

hd

v

GCURRENT PREDISPOSAL PRACTICE PROGRESS IN PREDISPOSAL PRACTICE DISPOSAL OPTIONS
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Predisposal management of spent nuciear fuel

» In 1992 it was decided to use dry
storage technology for interim storage
of SNF at the INPP

» GNB dual-purpose storage casks have
been chosen

» Part of them (twenty casks) is ductile
cast iron CASTOR RBMK-1500 casks
and the remaining ones are metal-

concrete CONSTOR RBMK-1500 casks
(the existing “open air’ SNF storage faciiity
currently is filled up to its final capacity (120
casks).

» The remaining SNF will be stored in the
newly built Interim Spent Nuclear Fuel
Storage Facility (ISFSF) ({operation
foreseen in 2013-2014)

» All the SNF containers will be stored
about 50 years and during this time final
SNF management concept shall be
developed 12
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Waste disposal

» Repository for very low level short-lived
waste

<o

The concept of the VLLW repository has been
analyzed and proposed by Studsvik RadWaste
AB basing on experience of design and
operation of such facilities in Sweden

Activities on implementation of VLLW repository
have been started in 2003

The INPP new VLLW repository will consist of
two facilities (buffer storage and disposal units)
located in two different sites

The VLLW buffer storage is constructed
(construction finalised in 2011) in the INPP site
and the disposal units will be constructed to the
south from the new SWTSF and ISFSF site
Currently tendering documents for construction
of the disposal units are under preparation

[EI

» Repository for low and intermediate level
short-lived waste

The reference design for repository for LILW-SL
in Lithuania has been developed in 2002

Legislative framework was extended

Stabatiskes site that is very close to the INPP
was finally selected (from other candidate sites)
as the site for the near surface LILW-SL
repository

Installation of the disposal facility is
implemented in two stages

1) The scope of the first stage includes
conduction of detailed engineering-geoclogical
investigation of the site, development of the
design and licensing for construction. The first
stage has been started in 2009. It is expected
to finish in 2013

2) Availability of the disposal facility is planned
in ~2018

Proceedings of the Scientific Visit on C-101
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Waste disposal

» Disposal of bitumen compound

o Production and interim storage of bitumen compound in Building 158 will last till end of the

INPP decommissioning

o Then, several options for safe disposal of bitumen compound could be possible:

Waste retrieval from its present location, packing, transfer and disposal in ancther facility,
suitable for this type of waste

Conversion of the existing interim storage facility to an appropriate disposal facility without
waste retrieval

- The second option, if feasible, found to be preferable as risks, costs and technology
uncertainties associated with waste retrieval, conditioning and disposal in a new location could
be avoided

» The first investigation of feasibility of the preferable option has been conducted in 1998 and
the second, more detailed (incl. geological investigations, development of disposal concept,
justification of long-term safety, etc.} — in 2006-2007

- Both studies concluded that transformation of Building 158 into a repository is possible (e.g.
by installation of a multilayered ground cover over the building structure)

=]

Further steps (e.g. development of design and other licensing documentation) are planned to

be taken at later stages of operation of bituminized waste storage facility

| Disposal of spent nuclear fuel and long-lived waste

15

» The Strategy for Management of Radioactive Waste indicates three potential
options for management of SNF after interim storage:

(o]

Q

Q

Disposal in the national repository
Disposal in the EU established regional repository

Transfer to other country which possesses suitable SNF management technologies
and can take full responsibility for management of the waste

» Investigations related to disposal of SNF and long-lived waste

o

With support of Swedish experts Lithuanian Geological Survey was working on selection
of preferred geological media, on comparison of different geological formations, their
characteristics, evaluation of INPP region suitability for implementation of repository

Lithuanian Energy Institute was working on development of the disposal concept (for clay
and crystalline rock), criticality analysis of the disposal container, dose rate estimation,
evaluation of temperature evolution in disposal tunnels, radionuclide migration, cost
estimation and preliminary safety assessment

16
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Disposal of spent nuclear fuel and iong-lived waste

» Geological formations prioritized as prospective formations for SNF disposal in
Lithuania:
o The crystalline rocks in the southern Lithuania
o The Lower Cambrian Baltic Group clay formation
o The Lower Triassic clay formation

Potensially ruitable F o 2 -
= Cowilibcbamen T
Cembian

Pr aim cvapontes

Loower Telame

» The proposed repository concept is based on concept developed by SKB for
disposal of the SNF in Sweden

17

[
" Disposal of spent nuclear fuel and long-lived waste

» The main elements of the repository are:
o an access shaft, transport tunnels
o an array of SNF emplacement tunneis {(deposition drifts)

o emplacement tunnels for long lived intermediate level waste (activated metal structures,
graphite, SSS)

Arc
pery
Rofonsnce Lavel sy Acosems Tut
Mila Fucitity LW Facility
Msin il [EW Oparation
Yuoael / brical] Tuonel
— SNF Explacermnt ¥, !
Maicria] Vetiintion ILW Eeylacerssnt
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t
)
20,
/ ¥’
7 Ml Toel At Toooe]
SNF Emplacamosy (Ramg)
“Tettmuly

» Sitting process for national repository should start at earliest in 2030 — if no
changes of international policy regarding to SNF transfer to other countries
and no developed of new SNF management technologies will occur

18
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Disposal of spent nuclear fuel and long-lived waste

» The Programme for assessment of possibilities for the disposal of spent
nuclear fuel and long-lived radioactive waste for the years 2008-2012 was
prepared and approved in 2007

» The main purposes of this Programme are:

=]

Q

To assess possibilities for the final management of the SNF from Ignalina NPP

To assess possibilities for the final management of the irradiated graphite and other long-
lived waste from Ignalina NPP

To assess possibilities for the final management of the radwaste generated by small
producers and spent sealed sources

To analyse the tendencies in nuclear energy development and define measures necessary
for management and disposal of radwaste and SNF from new NPP in Lithuania

19

Disposal of spent nuclear fuel and long-lived waste

» The measures for the programme implementation are the following:

<

Analysis and synthesis of information about spent nuclear fuel and other long-lived
radioactive wastes, and assessment of properties important for disposal of these types of
waste

Analysis of possibilities for spent sealed sources and other LL waste disposal in boreholes
(“Borehole disposal’) and suitability study of boreholes implementation in Lithuanian
geological formations

Updating information about disposal characteristics of SNF and long-lived radioactive
waste

Revision of waste disposal infrastructure concept for deep and medium-deep repository

Development of detailed geological investigation program, development of database of
geological investigation results

Performance of studies of geological formations in the Ignalina NPP region (in situ,
laboratory tests), analysis of geological survey

Updating the estimation of costs related to implementation/construction of repository
Safety assessment of geological repository for SNF and LL waste

20
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Radioactive waste management strategy (2012)

dioactive waste management strategy (2012, draft project) foresees the
owing main tasks:

To implement Council directive 2011/70/Euroatom, establishing a Community framework
for the responsible and safe management of spent fuel and radioactive waste,
requirements (provisions of the directive should be transferred to Lithuanian legislation)
Implement requirements of Joint Convention on the Safety of Spent Fuel Management and
on the Safety of Radioactive Waste Management

Implement IAEA requirements and recommendations

Implement program of assessment of possibilities for the disposal of spent nuclear fuel
and long-lived radioactive waste

Perform scientific researches, which would aliow to adopt modern technologies for final
treatment of SNF and LL waste (incl. graphite): asses possibility to extend storage of SNF
in containers, asses SNF and LL characteristics and management possibilities, its disposal
and suitable siting for this waste

Analyse the experience of other countries in the field of SNF and LL management
Prepare qualified specialists and raise qualification of the existing specialists

. Evaluate waste quantities which could arise during operation of new NPP in Lithuania and
their management costs

E)

Proceedi

Provide relevant information to the public
Etc.

21

Thank you

22
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Safe management of spent fuel and radioactive
waste

Daniela DOGARU, CNCAN, Romania
Antonius GHEORGHE-SORESCU, AN&DR, Romania

Invitation to a Scientific Visit on Crystalline Rock Repository Development
Prague, Sept. 24-27, 2012

CONTENT

» Legislative and regulatory system

» Sources of RW

» The National Strategy for Safe Management of Radioactive Waste
> Existing and future repositories

» The future actions

2
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Legislative and regulatory system

> NATIONAL COMMISSION FOR NUCLEAR ACTIVITIES CONTROL
(CNCAN)

— regulatory body in the nuclear field

» NUCLEAR AGENCY & RADIOACTIVE WASTE (AN&DR)

- Promoter of the nuclear energy development in Romania (power and
non — power applications), exclusively for peaceful purposes

— Responsible for disposal of radioactive waste (RW) and spent nuclear
fuel (SNF), and ensure at national level the coordination of the nuclear
installations decommissioning processes

» Waste producers
— manage their own radioactive waste from its generation until disposal

CNCAN

> The national authority competent in exercising regulation, licensing and
control in the nuclear field;

> Independent body, reporting to the Prime Minister through the Chief of
the Prime Minister’s Chancellery

> Elaborates the strategy and the policies for regulation, licensing and
control with regard to safe management of radioactive waste and spent
nuclear fuel;

4
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ANDR

> Established in December 2009;

» Specialized body of the central public administration financed by waste
producers and from the State Budget;

» Under the coordination of Ministry of Economy, Trade and Business
Environment;

> Elaborates and update at least every 5 year the National Strategy for safe
management of radioactive waste;

> Develop and implement technical solutions for disposal;

» Maintain an update inventory of RW.

Regulations for RWM (1)

» Fundamental safety norms on safe management of radioactive waste (NDR-
01/2004);

» Norms for clearance from authorization regime of materials resulted from
authorized nuclear practices {NDR-02/2004);

» Norms on classification of radioactive waste (NDR-03/2005);

» Norms for the calculation of dispersion of radioactive effluents released by
nuclear installations (NDR-04/2004);

» Norm on surface disposal of radioactive waste (NDR-05/2005);

» Norms for international shipments of radioactive materials involving
Romanian territory (NDR-06/2002);
6
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Regulations for RWM (2)

» Norms for decommissioning of nuclear objectives and installations (NSN-
15/2002);

> Radiological safety norms for radioactive waste management from uranium
mining and milling (NMR-02/2002);

» Radiological safety norms on the conservation and decommissioning of
uranium and/or thorium mining and/or milling facilities — Criteria of release
from CNCAN regulatory body in order to use for other purposes of the
buildings, material, facilities, dumps and area, contaminated following the
activities of uranium and/or thorium ore mining and/or milling (2003);

» Fundamental norms for safe transport of radioactive materials (2002);

Sources of RW

1.  Nuclear Power Plant (NPP)
»  SNN/CNE Cernavoda — U1, CANDU type, 720MWe, in operation from 1996;
»  SNN/CNE Cernavoda — U2, CANDU type, 720MWe, in operation from 2007;
»  SNN/CNE Cernavoda —U3&4, CANDU type: to be constructed by 2020;

2.  Research reactors (RR)
»  RAAN/SCN Pitesti, TRIGA type, 14 MW, in operation from 1979
»  IFIN-HH Magurele, VVR-S type, shutdown in 1997, under decommissioning

3. Mining and milling (M&M)
»  CNU, various sites/uranium ores extraction mines
»  CNU/Feldioara, uranium ores processing plant

4. Nuclear Fuel Plant {NFP)
»  FCN Pitesti, CANDU type fuel fabrication plant

5. Institutional field
»  Medicine, Iindustry, Universities, Agricultural
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Basic principle

Basic principle of radioactive waste disposal in Romania:

» VLLW: less complex arrangement than LILW-SL;
» LILW-SL: near surface disposal facility;

» LILW-LL and SNF: geological repository;

> SNF is considered RW;

» Import of RW is forbidden.

The National Strategy
for Safe Management of Radioactive Waste
- LILW -

LILW-LL
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The National Strategy
for Safe Management of Radioactive Waste
- SNF -

11

Baita Bihor Repository
(existing LILW-SL disposal facility)

Closure Wl

Repository Entrance

> In operation from 1985

» Capacity: 21,000 standard drums (220 I}

» Type: an old exhausted uranium mine 1
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Saligny Repository
(future LILW-SL disposal facility)

» The proposed disposal concept: a near-surface facility with multiple barriers;

>  Preferred site : the Cernavoda NPP area (Saligny);

> Site surface: 67 ha;

» Repository surface: 22 ha;

» RW: LILW-SL with certain quantities of LILW-LL generated by operation and
decommissioning of 4 Units at Cernavoda NPP;

» Maximum capacity: about 122.000 m3

» Cells: 64 cells, 27,9m x 15,23 mx 5,7 m

» Disposal modules: 24.576 DM, CBF-K type, 1,7 mx1,7mx 1,7 m

» Estimated cost: 263 MEuro (2009 price)

Deep Geological Repository
(future SNF/LILW-LL disposal facility)

» The DGR proposed concept will
implement an existing and proven
technology, adapted to local conditions.

» The proposal assumes the similarity of
Canadian Concept for a Deep Geological
Repository for CANDU spent fuel.

» DGR facility will dispose:
v’ Spent fuel: 14,550 HMT (3,550
HMT/unit);

v Long lived wastes: 15,660 standard
drums from operation and 19,000
standard drums from
decommissioning.
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Geological map of Romania

| HARTA GEOLOGECS,
" Y Atmiun

The way ahead (1)

» 3 new regulations will issue by the end of 2012:
v Storage of radioactive waste,
v’ Storage of spent nuclear fuel,
v’ Decommissioning of nuclear installations;

» Geological repository: CNCAN intends to endorse the IAEA relevant
publications;

> Improvement of the Legal Framework in order to clarify specific issues
regarding the Radioactive Waste Management;

> Up-dating the Medium and Long Term National Strategy for Safe
Management of Radioactive Waste;

» Elaboration of the AN&DR’s Institutional Development Strategy in order
to enhance the capacity to achieve its mission; iy
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The way ahead (2)

» Licensing the Saligny Repository Site;

> Refurbishment of existing conditioning facilities;

» Upgrading of Baita-Bihor national repository;

» Licensing of a new conditioning facility;

» Approval of the Road Map for Geological Repository Development;

> Strengthening the efforts to increase the Public Acceptance for
Radioactive Waste Repositories;

17
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Pakistan — an introduction

Pakistan
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continued...

continued...
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SOURCES OF RADIOACTIVE WASTE
IN PAKISTAN

Radioactive Waste

MAJOR GENERATORS OF
RADIOACTIVE WASTE IN PAKISTAN

Nuclear Power

Research and Development

Nuclear Medical Centers
Nuclear Agriculture Centers
Industries

Universities
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WASTE MANAGEMENT OBLIGATIONS

Pre-Disposal

Responsibility of Waste Generators

Disposal

Responsibility of Directorate General National Repository
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Continued...

Pre-disposal Activities | Transportation/Disposal
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Continued...

Continued...

1st Priority 2nd Priority

Single Site:- Two Sites:-

(Clay )
(Granite/Clay) (Granite)
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Repository Development Program

General Site Selection Criteria
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Potential Rocks/Sites Identification

Current Status & Challenges

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

Proceedings of the Scientific Visit on C-123 February 28, 2013
Crystalline Rock Repository Development



Continued...

Activity Near Surface Deep
Disposal Geological
Facility Repository

Continued...
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Major tectonic trends on and around the northwest part

of the Indo-Pakistan subcontinents

Clay Formation
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Continued...

Continued...
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Summary
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Repository Programme Development

From Concept to Licensing

Andrew Orrell

Director of Nuclear Energy & Fuel Cycle Programs

Sandia National Laboratories

Presented to the Scientific Visit on Crystalline Rock Repository Development, Prague, Czech Republic

25 September 2012

TIENERGY INISA T e o sttt

Repository Programme Development

" Purpose

* To review the overall process of repository programme development
and to provide a framework for subsequent discussions

* Background

= Material presented based on
= IAEA Safety Standards: No. SSR-5 “Disposal of Radioactive Waste”

* OECD Radioactive Waste Management Document: “Post-Closure Safety
Case For Geological Repositories: Nature And Purpose”

* National Academy of Sciences: “One Step at a Time: The Staged
Development of Geologic Repositories for High-Level Radioactive Waste”

= Nuclear Energy Agency: “Confidence in the Long-term Safety of Deep
Geological Repositories: Its Development and Communication”

= And other examples and perspectives from various institutional and
personal experience

e e B el G (57|
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Terminology

= Disposal

= Emplacement of radioactive waste with no intention of

retrieval, i.e., permanent disposal
= If the material is an asset, store it. If the material is a waste,
dispose it.

= Waste containment and isolation from the accessible
environment through use of passive natural {e.g.,
reducing environment}) and engineered (e.g., corrosion
resistant waste containers) features

= Storage

= Retention of waste (or material) with the intention of
retrieval pending some future action (e.g., reprocessing)

Introduction

» Repositories can be developed in many different ways

= Significant international experience exists, but with key
differences
* Don’t reinvent the wheel, but be prepared to modify it

20200

= Repository development is a technical/scientific/engineering
challenge (relatively easy) combined with a sociopolitical
challenge (relatively difficult)

= |f the science and engineering effort appears straightforward do not
assume that a solution has been found that sociopolitical factors will
accept
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What is a Successful Repository Program?

= From the implementer perspective, it might be having all of its waste
underground in a sealed repository, by a given time, for a reasonable cost

* From a stakeholder perspective, it might be that the decisions to develop,
operate and close the repository was with their participation to provide
consensus and/or approval

= Both perspectives meet at the issue of safety; i.e., the extent to which
the repository program will provide confidence that the waste will be
isolated from the accessible environment
* Every repository development programme addresses both actual and
perceived risk

* Public acceptance and stakeholder participation, along with technical
excellence, are prerequisites for success

Fundamental Safety Premise

= To manage the waste burden through permanent disposal in
a manner that protects the accessible biosphere
{groundwater and other resources used by or accessed by
people.

* Disposal facilities are to be developed in such a way that people and
the environment are protected both now and in the future

= To leave future risks no greater than one would accept at present.

* The fundamental safety objective is to protect people and
the environment from the potential for harmful effects of
radioactive waste.

" The strategy to achieve this fundamental safety objective is
to contain and isolate the waste from the accessible
biosphere, to the extent that is necessary.
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Repository Programme Life-Cycle

= Typically characterized by long timeframes
® International experience should lessen the technical challenges

= Workforce planning, information management, institutional
performance, etc., become issues with career-long development cycles

= All programmes characterized by stages of development that
build upon prior effort

= Staged, adaptive management approaches with stakeholder
engagement is broadly recommended

Step-wise (and adaptive) development enables the accumulation of
technical data, evaluation of alternative disposal concepts, iterative safety
and design assessments with progressive improvement (confidence and
defensibility), public consultations, political decision-making, etc.

= Adaptive Staging is a management process characterized both by specific
objectives and by a formal and deliberate decision-making process

Repository Programme Life-Cycle

= Pre-Operational Phase
» Selection of Geologic Disposal Concepts and Options

= Sjte Selection & Characterization
¢ Conceptual Planning
= Area Survey, Site Characterization & Site Confirmation

= Licensing and Construction

» Operational Phase
= Pilot and Full-Scale Operations with Transportation
= Closure

= Post-Closure Phase

= Performance Confirmation, Monitoring, Institutional Controls,
Permanent Markers
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Fundamental Needs

= Government Responsibilities
* Establishes the need, objectives, timeline and decision points, allocates
responsibilities (including independent functions), financing
= Regulatory Body Responsibilities
= Establishes regulatory requirements (i.e., the safety objectives,
compliance metrics, etc.} & procedures for demonstrating compliance
and other licensing conditions
" Operator / Implementer Responsibilities
" Responsible for the disposal facility safety
= Implements site selection, characterization, facility design, etc.
" Assembles the safety assessments and safety case, license application

* Works in accordance with national strategy, in compliance with
regulatory requirements and within the legal regulatory framework

* Maintains management systems for quality assurance, quality control,
information management, workforce training, etc.

REPOSITORY PROGRAMME
DEVELOPMENT

Pre-Operational Phase:

Considerations of Disposal Concepts to
Licensing
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Selection of Disposal Concepts

= Disposal Concepts (and the repository
development program) will typically reflect:

= Waste Inventory Characteristics

r Volume, size, chemistry, heat, radioactivity
concentrations, generation rate, etc.

= Siting Information

= Repository site characteristics and their possible
evolution, waste locations vs. repository locations,
infrastructure needs, etc.

= Regulatory Framework

= The criteria and objectives against which safety
assessments and safety cases are judged for
performance (how does the disposal concept
perform its safety function), compliance and
confidence (how well does the disposal concept
meet or exceed the safety criteria and objectives)

= Dose vs. containment standards, timeframes ; 1

involved, Eass—fail or advisor! safetz assessments N s

Select IAEA Safety Requirements (SSR-5) for
Repository Programme Development

= Requirement 4: Understand the relevance and implications for
safety for the available disposal concepts
= Attempt to optimize safety for operations and post-closure
= Requirement 5: Safety should be ensured by passive means
= Minimize safety that depends on future actions being taken
= Requirement 6: Understand the disposal concept (facility, host
environment) over sufficiently long time periods to have
confidence safety (isolation and containment) can be achieved

= Confidence is documented by means of safety assessments and safety
cases

= Requirement 7: Employ multiple safety functions
= Containment and isolation by multiple physical barriers = confidence

= Defense in depth, no single points of failure, use both natural and
engineered barriers
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Select IAEA Safety Requirements (SSR-5) for
Repository Programme Development

= Requirement 8: Containment of waste with engineered
barriers
* Use engineered barriers designed to retain integrity for a long enough
period of time to enable most of the shorter lived radionuclides to
decay and for the associated generation of heat to decrease
substantially
" Requirement 9: Isolation of waste from accessible
environment
= Provide isolation for time periods commensurate with the hazard to
the accessible biosphere and people, and consider the natural
evolution of the disposal system and events that disturb the facility
" Requirement 11: Use staged development and evaluate the
safety of the disposal system with iterations

= Facilitate the decision and acceptance processes by incorporating new
information

Select IAEA Safety Requirements (SSR-5) for
Repository Programme Development

* Requirement 15: Site characterization

= Characterize the site to sufficient detail to a specific understanding of
the impact on safety of features, events and processes associated with
the site and the facility. Understand the site’s present condition, its
probable natural evolution, possible natural events, and human actions
affecting safety

» Reguirement 16: Facility design for isolation

= Design and site facility and its engineered barriers in a compatible host
formation to provide safety features after closure that complement the
natural barriers (i.e., use both engineered and natural barriers in
complementary ways to provide defense in depth).

IE=aE———————— O
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Safety Assessment & Safety Case!

= Safety assessment

= Safety assessment is the evaluation of long-term performance, of
compliance with acceptance guidelines and of confidence in the
safety indicated by the assessment results.

= Safety case

= A safety case is a collection of arguments, at a given stage of
repository development, in support of the long-term safety of the
repository. A safety case comprises the findings of a safety
assessment and a statement of confidence in these findings. It should
acknowledge the existence of any unresolved issues and provide
guidance for work to resolve these issues in future development
stages.

INEA: “Confidence in the Long-term Safety of Deep Geological Repositories: Its
Development and Communication”
http.//www.oecd-nea.org/rwm/reports/1999/confidence. pdf

Select IAEA Safety Requirements (SSR-5) for
Repository Programme Development

= Requirement 12: Use safety case and safety assessment

= Prepare and update at each step in repository development a
sufficiently detailed and comprehensive safety case and supporting
safety assessment

= Requirement 13: Safety case and safety assessment scope
= Need to address all relevant safety aspects for both operational and
post-closure phases (see FEP screening presentation)
= Requirement 14: Safety case and safety assessment
documentation

* Document the safety case and safety assessment with detail and
quality to allow independent review, and to support decision making
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Licensing

= Repository licensing is a complex process that lasts throughout the
repository program
= It begins with the capturing the information associated with the initiation of
the repository development program
* Licensing can be for construction, waste acceptance, closure, termination, or
combinations depending on the regulation

= Construction licensing will typically expect a safety case for the full
emplacement inventory {(and needs to be known at the outset of the disposal
concept and facility design process)
= The operator / implementer prepares and submits a license application to
the regulatory authority(ies) in accordance with the standards and
processes defined, demonstrating that the proposed repository is safe
and complies with regulatory requirements

* Primary elements of a license application are the safety assessment and
the safety case, along with all other supporting information needed

R N T e e

Institutional Issues

= Public attitudes about nuclear energy and nuclear waste place the
institution(s) charged with implementing a repository programme, at best,
under great scrutiny, and at worst, great distrust or suspicion

®  Trust is asymmetric

= trust-decreasing events have greater impact on public perceptions of trust
{personal or institutional) than trust increasing events

= trust is easily and quickly lost, even by a single event, but once lost is typically
difficult to regain—if it can be regained at all

= As noted at the introduction, repository development is a
technical/scientific/engineering challenge combined with a sociopolitical
challenge that stands on trust

" Thus there are extraordinary demands placed on the institution and the
people in it to perform with integrity and transparency over long time
frames

IS LISSSNER- SC == o )
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Sania
Exceptional service in the wational intevest National
Laboratories

Disposal Concents in Crystalline Rock

Ernest Hardin
Scientific Visit on Crystalline Rock Repository Development 25 Sept. 2012
Prague, Czech Republic SAND2012-7783C

T a8 FRRRTANRE
;gj E"ERGY N A‘ m Sandin Natiaral Lahorataries is a mulli-pragrem iihormory managed and oparated by Sandia Corporaion, o whally cwned subiciery of Lockivesd Mariin
b e i Carporation, for the U.5. Depattmant of Energy's Natioral Musfear Securtty Administration undar corrract DE-ATD4-34ALB5000. SAND NG, 201 1.J0UUP

. ’ . Sandia
Disposal Concepts - Outline Gf=W
= Disposal concept defined: waste inventory, geologic setting,
concept of operations
= Systematics: KBS-3 and other options for crystalline rock

= Using the KBS-3 “method”: buffer material & configuration,
waste package options, prefabrication

= |In-drift disposal
= Thermal analysis of SNF disposal in a KBS-3 repository
= “Open” and “enclosed” emplacement modes

" Large waste packages and associated challenges for disposal
in crystalline rock

Hardin - Disposal Goncepts (25 Sept. 2012) 2
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Disposal Concept Systematics: o

National
- Lahoratories
Crystalline Rock
Disposal Concept/
Emplacement Mode
“Enclosed” Mode “Open” Mode
Saturated or Unsaturated Saturated or Unsaturated
/\ Unsaturated l
Borehole In-Drift In-Drift Moisture Barriers
Emplacement {buffer) = {backfill) {unbackfilled)
i SKB (2011) CTECH (2002) - Mekinl Hardin et al
! AECL (1994) Santiago & Astudiilo (1999) : gf:lE (zlglocs)ln i Uasr [;r:)itébéi?lz)
E KAERI/SNL (2007) JNC (2000) i ) s ————
Pastina and Helld {2006)  Zuidema et al. (2006} _,1". -------- .Buffer MateriaVConﬁg_ ......... .
., Taipower (2008) © e Invert/Pedestal/Baseplate
"-ifang (2010} i, 3 Package Options .
s "'-~....E.refabrication ___________
Hardin — Disposal Concepts (25 Sept. 2012) * Both borehole and in-drift emplacement mot;;; a.r.;helng c-c;ns-lzle;;d 3

Sandia

KBS-3H/V Summary B

= Vertical or horizontal
borehole emplacement

= Waste packages for
chemically reducing
conditions {Fe, Cu)

= Clay-based buffer material

= Avoid highly conductive
faults or fractures

= Backfill access tunnels

= Borehole & shaft seals

= Modes of radionuclide release:
— Buffer erosion (e.g., fracture flow of fresh water, as from glaciation) —
waste package corrosion
— Other processes under investigation (e.g., gas generation, seismicity and faulting)

Hardin — Disposal Concepts {25 Sept. 2012) £
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KBS-3H/V Summary, cont. =

Tranaport tunnel Central aran Transpoit tunnel Highly tranamissiva zona

= Conceptual drawing of
Forsmark KBS-3V
repository {SKB 2011)

= Relatively large diameter
{> 5 m) “deposition
tunnels”

= Staggered intersections
= Waste handling ramp

= Shielded transport and
underground operations

= Rockbolt support;

concrete floors R Ly Main tuninel
. owm Rock cavities backfilad with clay
® Completely backfill, plug, == Rock caviies backfited with compacted crushed rock
d I t I o Backile of deposition tunnels
and seal at closure s Plug thet shal keep tha dosure in the tranzport and main huwets, i the mmp snd shafls in place
s Plug, placed whare a tupnel, the rmamp or a shafl passas highly tranemissive 2ones
=== Plug in deposition tunnals, sea backfill report

Hardin - Disposal Concepts (25 Sept. 2012) 5

Sandia
National
Lahoenturies

Crystalline
Enclosed Mode
(buffer)

Example Concepts:
Finland
(Posiva Oy 2008)

M Unhercpug — Dasosmon niche
;GmRANMMLPYY .
) .

Hardin — Disposal Concepts (25 Sept 2012) [

L . I,

February 28, 2013
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Crystalline (buffer) Enclosed Mode Discussion ()&,
= Buffer Material

— Swelling pressure as performance measure (SKB 2006)
* > 0.2 MPa limits package sinking
* > 1 MPa inhibits advective transport (K, < 1012 m/s)
« > 2 MPa (or “high” per SKB 2011) inhibits microbial transport
* < 2,050 kg/m? {hydrated) dampens 5-cm rock shear (also withstands PGV <1 m/s)
* < 15 MPa limits load on packages
— Na- or Ca-smectite materials (freshwater, seawater, in situ brine)

— Admixtures: sand, crushed rock, graphite

= Buffer Configuration Control

— Thickness, compaction and initial {dehydrated) density
—~ Emplacement in humid environments
— Optional features, e.g., multi-layer EBS with porous “reservoir”

Hardin — Dispesal Concepts (25 Sept. 2012) T

Crystalline (buffer) Enclosed Mode Discussion ()&

= Waste Package Options

— Corrosion allowance (Cu, Fe)

- Slow corrosion
» Cu corrosion damage insignificant for >> 105 yr at “undisturbed” conditions
» Fe (carbon steel, low-alloy steel) limited by hydrolysis (> 1 um/yr}

» Oxygen-limited (1%t order) down to f,, ~ 0.01 atm (e.g., 5 um/yr)

— Corrosion resistant

¢ Ni-Cr alloys, Ti
= Supporting Features

— Borehole collar (design limits access drift size?)

— Shield plug

— Remove concrete from access drift floors (?)

— Access drift backfill

= — Prefabrication

Hardin — Disposal Concepts {25 Sept 2012) B
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Prefabricated EBS Module (PEM)

Y Wz o4
= After McKinley et al. {2006) 250 é :
. - 7
*» Sand/sandstone “reservoir” %
— Mechanical support s %
— Permeable %
— Phase separation mediates % Bt
. it et Brbn Sl 05 S bibesy
= Shell corrosion products and - 1,64 ="
bentonite/sand limit buffer 34 i
erosion 0 Vitrified waste in 15 cm thick steel canister ~ Volume (m®)  Mass (Mg)
Glass 0.15 0.40
= Shell protects dEhydrated Fabrication container (stainless steel) 0.01 0.08
- i Canister (sieel) 035 3.80
buffer during thermal period 4.28
(p otentially 55 100°C) I Sand/ sandstone (20 cm thick) 1.38 3.20
2 Bentonite (40 cm thick) 6.31 9.50
3 Bentonite/Sand 50:50 (25 cm thick) 8.29 14.90
4 Greotexlile: 2 em thick 0.72 0.27
5  Shell: 1 em thick (steel 0.36 272
Y =-35
Hardin — Disposat Concepis (25 Sept. 2012)

Prefabrication for Horizontal Emplacement ME.,

" Long ~horizontal
Supsrconiziner with copper cenistar,
boreholes barionite huffer and paciorated staal shall

= Grouting to seal
fracture zones

Acceptance
criteria for rock
fracturing /

Similar to /

. _ _——— Bentonite block
borehole sealing y;

- "
technology ' _ *ﬁ'\

L *,
Perforcted sisel shatl

Posiva Oy 2010. interim summary report of the safety case 2002. POSIVA 2010-02. Olklluoto,

Eurajokl, Finland: Posiva Oy, www.posiva.fiffiles/1226/P0SIvA_2010-02web.pdf.

Hardin — Disposal Concepts (25 Sept. 2012)

End'!ilm

<7

-

; B Gopger carister
successful // i

Il

7 Benonite
-~ tlack

‘Rentanits tings
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Sandia

In-Drift Disposal pos o s,
(buffer)

= Small-diameter emplacement
openings (< 3 m, blind headings)

= More excavation options, less
excavated volume BeniBlie SFHW

=  Low-permeability buffer/backfill L il Picture from Nagra {2009)
» Waste package pedestal
(compacted clay) SN 4 . N N . "
= Logistics of backfilling # | F F o Neven
(unshielded?) e e = e P
= Prefabrication options (see o = e o e
clay/shale concept; Hardin et al. —— 0 | e
2012) =FFF|
TN T e T o | e
Hardin — Disposal Concepts (25 Sept. 2012) 11

Thermal Analysis of Enclosed-Mode Disposal Concepts Including KBS-3V @ et
Comparing Crystalline, Clay/Shale, and Salt Disposal Media

B Effect of UOX SNF burnup: ™ | soowammy-vox g o |
40 and 60 GW-d/MT L | = <=
¥ 40 - S R R
B Peak salt temperature " J } [
limit: 200°C §m ! ’ -
“ I I F .--"'-r- - : { __A_,.-...-.
B Peak clay buffer or 100 e _,_“*
. P o ey e ommmmreaminmndmarmenn o
clay/shale formation S
temperature: 100°C L mrdmee
B Longer decay storage | socwdpmu-vox | | T
required for clay-based O t | A
buffer/backfill concepts | i * | S
| fao | ! . a
i 200 i -" . =
o - | e & g
" i Pres :-'E:::.-.i:_-;f‘i""-#"-‘!i s - =
Source: Greenberg et al. 2012, ¢ I 2 : "s e ha T _w_, o u

Number of assembiies
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Thermal Analysis of Enclosed-Mode Disposal Concepts Including KBS-3V @ S
Lebosatories

Surface Storage Time vs. Waste Package Capacity
(meeting 100°/200°C waste package surface/buffer temp. limits)

Bounding Thermal Case: LWR UOX SNF
60 GW-d/MTHM

600

Concerns:

o
[=]
<

N

Y 1000C limit
v 125°C limit  Granite
. /

A4 1500C lirit
;o‘ ’3"/
' "
SRR ¥4

® Long storage
time (= 100 yr)

®* Many small
waste packages

= KBS-3 solution
cost effective?

&
=]

" 100°C limit “~——. ;
Clay 4 125G limit \ - o A

- 15C2C limit

Surface storage time (y)
3 8
C? o

100} 200°C lirmit
. 2950C limit + Salt
0 e - . ‘ 250°C lirnit
0 10

Number of assemblies

Hardin — Dieposal Concepts (25 Sept. 2012) Source: Greenberg et al. 2012, 13

Mined Disposal Concepts: () =,
“Open” vs. “Enclosed” Emplacement Modes

= Enclosed: clay buffer and/or backfill (salt, clay/shale)
surrounds the waste package at emplacement

 Greater near-field thermal resistance > higher EBS temperatures

= Open: in-drift emplacement, and excavated emplacement
openings persist
“ Heat spread by thermal radiation across gaps
= Larger, hotter waste packages
Pre-closure ventilation for heat removal

Earlier emplacement (e.g., eliminate dry cask surface storage,
and/or avoid transporting older SNF)

Potentially lower cost, less worker dose

[}

Hardin — Disposal Concepts (25 Sept. 2012) 14
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Disposal Concept Systematics: o

Mationzd
- Laboratories
Crystalline Rock
Disposal Concept/
Emplacement Mode
“Enclosed” Mode ‘__,..ﬁ-""""""'6pen” Mode
Saturated or Unsaturated Saturated or Unsaturated
/\ Unsaturated l
] \
Borehole In-Drift In-Drift Moisture Barriers
Emplacement (buffer)  *, (backfill) (unbackfilled)
SKB (2011) CTECH (2002) CARE - McKinle SNL ¥
- . - ¥y (2012)
AECL (1994) Santiago & Astudillo “...._et al. (2008) U.S. DOE (2008) .~
KAERI/SNL {2007) (1999)
Pastina and Helld (2006)  INC (2000)
Taipower {2009) * Zuidema et al. (2006)
Wang (2010)
Hardin — Disposal Goncepts (25 Sept. 2012) * Both borehole and in-drift emplacement modes are being considered. 15

“Open” Modes for Large Waste Packages a
- h i .:
Dual-Purpose Canisters -

= Existing cast iron storage/transport cask
{CASTOR V, ~120 MT containing 10 MT SNF)
= Variations are used internationally

= Over 50% of U.S. UNF is stored in
Transnuclear (TN, part of Areva)
designed systems
— >650 TN horizontal casks
— >23,000 assemblies
— 31 U.S. sites at the end of 2010

Handin — Disposal Concepis (25 Sept 2012) Pictures and data from Transniclear/AREVA 16
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“Open” Modes for Large Waste Packages @m
Dual-Purpose Canisters - Subterranean -

®*  Holtec HI-STORM 100U subtarranean canister

overpack system {32 PWR/68 BWR) oo
SHIERALD
* Based on HI-STORM 100 shielded overpack with vo—
bolted closure, and welded stainless “multi- g
purpose” canister for SNF (24 PWR/68 BWR) : [
= Uses HI-TRAC {125 ton max.) transfer cask R .
=  Mitigates aircraft crash hazard ‘ |
- cagK
L —
BASEPLATE 3 :':
pepesTAL— o /A \-AIRINLEWENT
SHIELD

Pictures from EPRI Spent Fuel Storage Handboaok
Handin — Disposal Concepts (25 Sept 2012) 17

“Open” Modes for Large Waste Packages S

CARE (Cavern Retrievable) Concept

— Focus on interim storage, with conversion to permanent disposal (e.g., at 300 yr)

i A Initial Emplacement Phase of storage naské In CARE uses standarz lechnology which can he lél;-operated i

e et ) C. When a decisicn is made for a final Disposal
. B. During the extended Sforage Phase. casks in CARE Phase. the CARE facility can be backflled and

- are fully inspectable and can be easily retrieved for o= N N h
" sealed with safety barriers similar tothose in a
: moessmg or moved to allow cavern refurbishment conventiomal repositary

Hardin — Dispozal Caneepts (25 Sept. 2012) Aftar Mekinley of al, (2008) & EPRI (2010) 18
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“Open” Modes for Large Waste Packages St

Hard-Rock Unsaturated Open-Mode Disposal Concept

= Near-surface access (unsaturated)

= Long-term opening stability

= High-temperature host rock tolerance

= Underground access

= Retrievability i

= Oxidizing environment ;

= Corrosion resistant
waste package

= Engineered barriers to

water contact with waste

— Clay-based backfill
— Drip shield
— Richards barrier

Bos &
-5
5 /fl; T
757
;ﬂ”ﬁ”ﬁ

Hardin — Disposal Concepts (25 Sept. 2012) Source: Hardin et al. (2012) 19

Large Waste Package Disposal Challenges: @ S
' {abovatories

Shaft Conveyance

=  U.S.A. (WIPP)
= TRU waste
» Container weights (unshielded): various Max. weight for loaded RH containers: 2.8 MT max.
» Shaft diameter: 5.7 m; depth 671 m
= Belgium (Mol) -
= Supercontainer dimensions maximum 6.25 m long and 2.15 m diameter
= Supercontainer weight: ~65 MT Capacity: 4 PWR assemblies
= Shaft diameter: ~7.8 m; depth ~225 m (proposed)
= Germany (Gorleben)
=  POLLUX container dimensions 5.5 m long and 1.5 m diameter
= Container weight: ~64 MT  Capacity: up to 10 PWR assemblies {consclidated)
= Shaft diameter: ~7.5 m; depth 840 to 933 m (2 shafts, inactive)
= Canada (Bruce Site, Tiverton, Ontario)
= LW and LLW
» Container weight {unshielded): ~30 to 35 MT
= Shaft diameter: 6.5 m (finished); depth 680 m (proposed)
= Germany (Alternative Gorleben design)
» CASTOR V container dimensions 5.5 m long and 2 m diameter
= Container weight {with iron disposal cask): ~120 MT Capacity: 10 MT SNF
= Shaft diameter: ~8 m; depth ~900 m {under evaluation by DBE TEC)

Handin — Disposal Concepts {25 Sept. 2012} 20
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Large Waste Package Disposal Challenges: Sandin

National
Matonal
Conveyance — DIREGT Concept (GNS/DBE TEC)
Concept would double the existing maximum Gorleben hoist capacity {~175 MT payload)

F. S S p—

-~ Obexsoty ."”” L

g|u|-

fun
= — ZWWSCHONQRSCH

- ¥ unugsheek

% ——— Haryrelisben

Reinhold Graf, Dr. Klaus-Jirgen Brammer {(GNS), Wolfgang Filbert (OBE TECHNOLOGY GmbH). Direkte Endlagerung von Transport- und
Lagerbehdltern - ein umsetzbares technisches Konzept. Jahrestagung Kerntechnik 2012, Stutigart, 24.05.2012.

Hardin — Disposal Concepts (25 Sept. 2012) 21

Rough Cost Estimates for 140,000 MT Soro
Projected U.S. SNF Inventory

= Estimates include: repository design, construction, operation, overpacks, maintenance,
closure, and monitoring
* Don't include: siting, characterization, initial licensing, waste canisters, and tra nsport

I Crystalline

(enclosed)

Low High High High Low High
Range Range Range Range Range Range Range Range Range  Rangs

Elormeni
3,754 5,495 3,886 5,595 6,872 10,064 3,303 4711 5410 7.599

17.545 22,475 7.947 10,259 26,834 M .525 9702 12,408 9,814 12 264
9,563 13,704 832 1,363 5,556 8,3 1,622 2,515 2,263 3,556
17.489 21647 3,888 4,950 7542 9,337 2882 3.589 2.882 3.560
424 441 368 e 414 429 17 421 668 679
10,685 14,571 4,580 6,248 9,021 12,302 3,385 4,629 3,775 5,148
411 561 567 73 758 1,034 423 576 798 1,088

1.575 2142 2,136 2,907 2,914 3,965 3,732 5,084 6,478 8.370

$439 $579 $174 $232 $428 $571 $182 $242 $231 $309

Hardin — Digposal Concapts (25 Sept. 2012) Source: Hardin et al. (2012). 22
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Summary (1/2) ()

KBS-3 concept
— Vertical or horizontal borehole emplacement
— Low or high host rock permeability (avoid fracture zones)
— Saturated or unsaturated
— Grouting may be needed
— Can be prefabricated (!)

In-drift emplacement mode

— Enclosed mode: similar to KBS-3
— Additional excavation method options
— Reduce excavation volume

Comparative thermal analysis (crystalline, shale, salt)
— KBS-3 - Long storage times (~100 yr) or small waste packages (4-PWR size}

Potential adjustments for increased thermal loading

— PEM (prefabricated EBS) with steel “shell” to protect clay buffer (borehole or in-drift
emplacement)
- “Open” modes (in-drift)

Hardin — Disposal Concepts (25 Sept. 2012) 23

Summary (2/2) &=

How to dispose of fewer, larger waste packages (e.g.,
storage casks)?

Open emplacement modes in crystalline rock
— CARE concept (backfilled and sealed for permanent closure)
—Hard rock unsaturated disposal concept

Other challenges with large packages
— Waste package conveyance {e.g., shaft hoist or ramp transport}

Rough estimates for disposal cost
— 3x range among alternatives considered
— Number of waste packages
— Reliance on natural vs. engineered barriers

Hardin — Disposal Concepts (25 Sept. 2012) 24
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Vitrified Waste

(in rioinders sieel canistery

+ Containment of radisnuclides in
homogeneoys glass matrix

» Low radi lide refease to pr
¢ to high chemical durability

+ Stable umder thermal and radialion loads

Crystalline (buffer)
Enclosed Mode

Example Concepts:
Japan
(JNC 2000)

Overpack
(Corbon steel)

+ Physical containment of vilrified waste
during the period of high hem
generation and radistion fleld

= Ensures reducing condirions around the
viwrified waste

* Sorption of radierwiclidus onto

Buffer
{Mixtwre of bentanite and sand)
» Low permeability
* Low solute diffusivity
+ Retardation of radionuclide
migration (Sorption)
» Swallitg and plasticity
*» Chemical bufTering,
» Low sotubility of many
radionuclide, in porevater
« Filtration of colloid:, organic
malter and miceobes

Geological Environmant\
Long-term stability avoiding \
» Vaolegnic activity '

« Significant fasit movemeant

= Significant offects due to upliftdenudation
« Significant cffects duc (v climate/sca-level
= Presence of nziral recources

Favorable geological enviromment

= Fi ble geochemistry (¢.8. icaliy reducing) | =1
= Law groundwaler Mux !

+ Rock mechanical stability

= Isoletion frov the human environment

Function as a natural barrier system

Hardin - Disposal Concepts (25 Sept 2012) 27 ‘:ﬁdionm}idg'“"' /dispersion of released

Crystalline (buffer) G
Enclosed Mode '

i Ll
r:h'.-;l! F‘u'n:'l-rl

Example Concepts:
Canada
(AECL 1994)

Crystalline (buffer)
Enclosed Mode

Example Concepts:
China
(Wang 2010)

Hardin — Disposal Concepts {25 Sept, 2012) 28
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National
Lahorataries

Generic Disposal Concept “Taxonomy”

Emplacement Mode 1

| B
Plastic Host Media Indurated (“competent”) Host Media
—> (low perm., nominally |
sat. or Iunsat.) [ |
— Low Perm.2 Higher Perm. Low Perm.2
I I_I_I |
Nominally Sat. Nominally Sat.
| | I | |
Buffer/ No Buifer/ Buffer/ No Buffer/ Buffer/ No Buffer/
Backfill Backfill4 Backfill Backfill® Backfill Backfill4
1. Consider posiclosure performance, nominal scenario (disruptive scenarios are site-specific)
2. Less than ~10-% m?
3. Effectively diffusion dominated transport, whether hydraulically saturated or unsaturated.
4. Rely instead on remote plugging/sealing of emplacement openings
5. Use diversion barriers (e.g., drip shields, or capillary barriers)
Hardin — Disposal Concepts {25 Sept. 2012) 30
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Open Emplacement Mode “Taxonomy”

@
Rational
Lahoratoies

Open Emplacement Modes {mined disposal; ventilated in-drift emplacemant)

f
Piastic Host Media

{tow perm.; nominally Competent Host Media
saturated or unsaturated)* |
High Perm. Low Perm.A
{e.g., fractured}  (sat. or unsat.)
Host Medium Readily Unsaturated Saturated
Encloses Packages |
Sedirmentary
Hard-Rock Backfilled
Unbackfilled Shale Unsaturated * (open)
(open) Concept {open) Concept Concept

v
Capillary
Barriers, Drip
hields, etc

Iuggingl‘éealing to
Isolate Emplacement
Areas at Closura?

Notes:
Install thase measures at or before
reposiory closure, as thermal and
operational conditions permit.

A. Qpen modes in low-pamreability host media require
insiatlstion of low-permeabity backfiil prior to repository
closwre, ifthe host medium wil not celiapseto seal openings.
This prevents preferantia wetar flow in the repository (even
for d conditions b drifts in low-permaabiiity
media are not generally free-draining).

Low Permeability
Buffer/Backfill at
ClosureA2

B. Forhigher permeability
madia use low-parmeability
buffar andior backfili, for
water divarsion and
trarsport attenuation.

Hardin — Disposal Concepts {25 Sept. 2012) Source: Hardin et al. (2012) 31
Nafionat
" ” :
Enclosed Emplacement Mode “Taxonomy Lt
Enclosed Emplacement Modes {mined disposal)
I
Plastic Host Media (low pterm., Competent Host Media
nominally sat. or unsat.) C!ay/S hale*
[ |
Host Medium Low Perm. Buffer/Backfil High Perm Low Perm.
i {coliapse readily occurs but . N
Readily Encloses { = ayed orincomplets due 1o Host Medium Host Medium
Packages at ground control and/or rock | {(sat. or unsat.)
Emplacement characteristics)
ow Permeability ow Permeability
GSR Low P bili Low P bili
. Backfill/Buffer installed Backfill/Buffer and/or
ybr id Around Packages at Plugs/Seals Installad
Hybrid: Buffer/Backfill Emplacement Arcund Packages at
Entlosing Packages at Emplacement
Emplacement; with
Ventilated Access Drifts 24 *
hotes: Saturated? Unsaturated Clay /Shale
A ;kssums access drifis also ck_)se_dua lo plastic qetom?mn,
::l“f.:;ﬁa. e 1 for & tme for Low Permeability Backfillin { Low Permeability
B. Enclosed modes in competent, saturated host med-a.rewgun:e Backfillin Access | AccessDrifts { Backfill in Access
o and radiouite vansport, "\ Drifis AuBefore At/Before \ Drifts At/Before
C. Reforonce disposal contepts: ' generit sat repostory; Closure®® Closure Closuret2
2*hybrid” set concept; 3 crystaline/butfer (KBS-3); * clay/
hale in-drift dispossl losed depending
zn wh:lh‘ur and whan backfill is Instanad)f)ropen KBS'3V
Hardin — Disposal Concepts {25 Sept. 2012) 32
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Large Waste Package Disposal Challenges: St

. Hationdd
Ramps and Other Solutions e
* Ramp concepts
— Shallow (~2% grade) to deep (~10%)
= Transporters
— Rail (<2.5% grade) or rubber-tired (< 15%)
= Power
— Diesel or battery
— Electric (pantograph)
Performance
— 90 MT payload (Aspd) but essentially
unlimited
— ~30 m/min; self-leveling
= Hazards
— Fire, runaway
Funicular railway
- Inclination up to 15°
— Payload >100 MT
- ~3 m/sec
— Counterweighted
- Redundant drive and braking

Hardin ~ Disposal Concepts (25 Sept. 2012) 3
Large Waste Package Disposal Challenges: @ Sandia
Nationn!
Labotatories

Conveyance — Underground

Alternative Underground
Conveyances
(Example: Hard-Rock
Unsaturated Concept)

Wheelift® Concept*

Rail-TEV Concept
Rail gauge 11 ft.

+ Turning radius 200 ft. .

+ Top speed 150 f/min Rail-Gantry Concept*

+ Design grade 2.5% * As shown, emplacement handling is unshielded, and
« Load capacity < 99 MT an underground fransfer station is needed.

-

U.S. DOE (2008}
Wheelift and rail-gantry figures: www.wheslift.com

Hardin — Disposal Concepts (25 Sept. 2012) 34
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Thermal Management Trends

Saidia
y § . - Natlsnat
Crystalline options | - Camparison of Disposal Concepts ) &,
considered (Hardin
etal. 2012): Enclosed Emplacement Modes
[ Tolerance
|High S OWE (PWR | Min, UOX Fuel Apeat .
WY ¢ ystalline|(KBS-3) a ~ 100 Clay-based buffer (~100°C}
Generic Salt -
(Carter et 1, 2011} v v 12 50 Peak salt temp. (200°C)
Clay/Shalé 4 ~ 100 Clay-based buffer (~100°C)

{Andra 20B5)

Deep Boreholg .
(Arnold et al. 2010) A\ 1 10 None

Open Emplacement Modes

CIEFENEE | \vp (PWR | Min, LOX Fuel Age at
o)y : _. Constraint
: assy,'s) Closure [yr)

WP Hard Rock
| - 0
Unsaturated \ 221 250 (+/-) Host rock (200°C)
Shale Unback s21 < 250 {21-PWR WP) Host rock (~100°C)
L 21 <300 (21-PWR WP)  Clay-based backfill (~100°C)

Baclfilled

* Host rock thermal conductivity > 3 W/m-K; possible for some crystalline rock types.

Hardin — Disposal Concepts (25 Sept. 2012)
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Mrriri1iNv v

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

Jorge Molinero

nrirriv v

INDEX OF THE PRESENTATION
© Motivation
O Modelling approach
O Verificaton example
O Application example

O Conclusions
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MOTIVATION nririive

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

O 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

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

MOTIVATION

The “short blanket” dilemma

O The Hydrogeological approach

+

The feet uncovered

O The Geochemical approach

The neck exposed

+

Proceedings of the Scientific Visit on C-167 February 28, 2013
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nririiIv v
MODELLING APPROACH
O 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 nrirrive

3D hydrogeological models—> Velocity fields

O

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...

O

Reactive transport processes are coupled to
groundwater flow along each streamline

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

Proceedings of the Scientific Visit on C-168 February 28, 2013
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MODELLING APPROACH nrrivo

O Matrix diffusion is accounted in the streamtubes

Léfman et al., 2010

acma r a acma r
¢matr ~= (DF aZ'j ~ a(Cfrac! - Cmatr)

ot 0z
D, D, : effective diffusion coefficient [L2T-']
o=—"— N
(a-f) a : half of matrix thickness

f. - shape factorc

MODELLING APPROACH nrirrive

O 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

—
[
[
[

[
[
oo
oo
[
i [
;o
| [
U
]
SR
Al q

17 1R

e~ Ty
3~ T
S~ 2~ Tz

T~
Domain of the

reference numerical
simulation

FASTREACT: a FrAmework for STochastic REACtive Transport

Does it works? How accurate such a method would be?
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VERIFICATION EXAMPLE nrirtivey

Transmissivity Field

Synthetic SolutiA Trajeh Prediction

FASTREACT

Eulerian Approach Lagrangian Approach

VERIFICATION EXAMPLE nrirrivy

Time (T)
1.2
CONSERVATIVE
| sSOLUTE /7—1-“—“"_‘
% 0.8 —| ,’/
Transmissivity field ¢ “Classical RTM” //
A
¢ 04— y4
/[ F1
J .
, i B FASTRFACT
0.0 50.0 100.0 150.0 200.0
Time (T)
1.2
4 REACTIVE R

4 08— SOLUTE > —

¢ {Classical RTM" //

9 04 7/

, L/ ,
RTM for migration of Stromtium: . el ‘FA‘STREAC‘F
0.0 50.0 100.0 150.0 200.0 250.0 300.0

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

C-170
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nririiIv v
APPLICATION EXAMPLE
O 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

MINiIrNiv Jw
APPLICATION EXAMPLE
O 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 nrirtivey

O Site-scale hydrogeological model developed by VTT
FEM mesh:

970731 nodes
5638571 elements

3D velocity fields

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

|nfiltratisn z8Re: IRIARE and sea
Fravel time: &si®3880210,000 y)

Time

W)
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APPLICATION EXAMPLE

O Hydrochemical Initial and Boundary Conditions

Mrriri1iNv v

Altered Meteoric Sea Water
PVP-4A_2 Baltic RW

TDS (mg/L) 567
pH 73 7.7
TOTAL CONC.
(mol/L)
Cl 3.39E-03 8,53E-02
SO, 9.99E-04 4,686-03
DIC 1,12E-02
Alk (mol HCO,/L) 9,54£-03 1,29€-03
Sio, 7,12€-04 9,65E-06
F 6,32E-05 1,42€-05
Br 2,50€-06 1,29€-04
Al 1,93e-07
Na 2,14€-03 7,70E-02
K 3,42E-04 1,69E-03
Ca 4,61€-03 2,00E-03
Mg 1,28E-03 9,00E-03

4

BOUNDARY
CONDITIONS

Brackish HCO, Brackish SO, Brackishisaline saline Highly saline
KR4 81 1 OI-KR6 135 8 OLKR20 465 1 OL-KR10 498 1 OL-KR12 741 1
TDS (mg/L) 1122 7225 10544 22099 49483
pH 7.44 7.6 74 8 82
Eh (mV) -260 -237
TOTAL CONC.
(molrt)
cl 9.90E-03 0,260 1.81E-01 3.81E-01 8.63E-01
so, 9,58E-04 4,79€-03 2.10E-04 1.00E-05 5.00E-05
ic 4.87€-03 1,86E-03 5.50E-04 1.10E-04 4.00E-05
Alk (mol HCOL) | 4.57E-03 1,82€-03 6.60E-04 1.10E-04 1.20E-04
PO, 1.68E-06 1.00E-10 2.60E-09
sio, 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 9.60E-08
Fe 1.02E-05 6,45E-06 2.50E-06 2.00E-06 3.80E:07
A 1,48E-06
Na 1.31E-02 1,53€-01 1.15E-01 2.10E-01 361E-01
K 2.48E-04 9,72€-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 7.40€-04 1,48E-02 2.60E-03 1.60E-03 1.50E-03
Mn 3.46E-06 4,37€-05 5.80E-06 7.30E-06 9.30E:06

4

INITIAL CONDITIONS

APPLICATION EXAMPLE

O Mineralogy and geochemical conceptual model

nrirriv v

Reactive
Initial surface
Assumptions amount area Reference kinetic law
(mol/L) (m2/L)
Equilibrium
Calcite Present in fractures Dissol./Precip. 6.065 1.120
Equilibrium
Pyrite Present in fractures Dissol./Precip. 1.170 0.280
K-feldspar | Present in fractures | Kinetics dissolution 0.239 0.260 Schweda (1989)
lllite 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)
Equilibrium
Am.. Si0, Able to precipitate precipitation 0.000 0.000
Equilibrium
Am. Fe(OH), | Able to precipitate precipitation 0.000 0.000
Equilibrium
lllite Able to precipitate precipitation 0.000 0.000
Equilibrium
Kaolinite Able to precipitate precipitation 0.00 0.428
Porosity = 0.5 . . .
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APPLICATION EXAMPLE Aririvo

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

Chloride Evolution

Y

Time=0.0 1:\— X

Cl(mol/L)
0.20
018
0.16
014
012
0.09
0.07
0.05
0.03

MnrrirrNiwv Jw
APPLICATION EXAMPLE
O Type of results obtained: Open Repository (0-90y)
pH Eh
Time=0.0 l:\; X Time=0.0 l:\_ X
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APPLICATION EXAMPLE Aririvo

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

Iron [Fe (I1)]

t=1 Kyr t= 10 Kyr

= —
- D et

-\"'-..l..l e T
Feill) (moliL) . T Fell maiiL)
62E-06 . 6.2E-06
5.8E-06 5.8E-06
5.0E-06 1 | 5.0E-08
42600 42606
3BE-06 3.8E-06
34E-06 3.4E-06
3.0E-06 3.0E-06
26E-06 26E-06

APPLICATION EXAMPLE nrirrivy

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

Sulphate

t=1 Kyr t= 10 Kyr

(6} (moliL)
4.80E-03
434E-03
3.88E-03
342603
2.96E-03
250E-03
205803
150E-03
113603
6.69E-04

2.10E-04 210E-04

Proceedings of the Scientific Visit on C-175 February 28, 2013
Crystalline Rock Repository Development



APPLICATION EXAMPLE nririitvy

O Type of results obtained:

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

0.14
0.014 1E-104

Hgﬁﬁﬁﬁ##+* .

S (-2) (mollL)

1E-11

S(6) (mol/L)

1E-4 o

1E-54

=90 yr [t=200yr| t=500yr t=700yr | t=1Kyr| t=2Kyr t=5Kyr t=7Kyr| t=10Kyr =90y | t=200yr t=500yr t=700yr| t=1Kyr t=2Kyr t=5Kyr t=7Kyr t=10Kyr

1E-12

1E-6

CONCLUSIONS nrirrive

O 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.

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

O 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.

Proceedings of the Scientific Visit on C-176 February 28, 2013

Crystalline Rock Repository Development



ESPANA

AMPHOS 21 CONSULTING, S.L.

Paseo de Garcia Faria, 49-51

08019 BARCELONA

Tel.: +34 93 583 05 00; Fax : +34 93 307 59 2¢

CHILE

AMPHOS 21 CONSULTING CHILE Ltda.
San Sebastian 2839, of. 701-A

Las Condes, 7550180 SANTIAGO DE CHILE
Tel.: +56 2 7991630

PERU

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 I'Opéra

75001 PARIS

Tel.: +33 146946917

Mrriri1iNv v

Svensk Kirnbrdnslehantering AB
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Siting process — Experience
from the Swiss Radioactive
Waste Management
Programme

Crystalline Rock Repository Development
24-27 September 2012, Prague

Dr. Stratis Vomvoris

HLW geologic repository - overview
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Phpases of Siting Surface Investigation Underground
rogramme: —_——— -
Phase | I' Phasell 11 Phase Il
(regional) (site)

l:l Siting Feasibility - Safety of Disposal Concept C] Engineering Feasibility

2 25 Sep. 2012 Siting Process - Experience/vos
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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

3 25 Sep. 2012 Siting Process - Experience/vos

Nagra projects (1980 - 2006)

4 25 Sep. 2012 Siting Process - Experience/vos
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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 Conclusion of Phase 1
. . . with a proposal for
= Geological reconnaissance studies of exposed

basement rock in nearby Germany

site investigations and
initiation of Phase 2

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

5 Siting Process - Experience/vos

KRI Project: Phase 2 exploration programme 12

6 25 Sep. 2012 Siting Process - Experience/vos
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KRI Project: Phase 2 exploration programme 22

7 25 Sep. 2012 Siting Process - Experience/vos

KRI Project: Phase 2 exploration programme 22

Investigation of

additional options

8 25 Sep. 2012 Siting Process - Experience/vos
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Options in sedimentary formations

9 25 Sep. 2012 siting Process - Experience/vos

Borehole Benken, 2-D and 3-D seismics

10 Siting Process - Experience/vos
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3D - Seismics: Resolution

= Displacements >
10 m are directly
visible

= Displacements can
be clearly located

= Geometry of rock
layers and
structures known

1 Siting Process - Experience/vos

Investigation Area Zurcher Weinland
High-Level Waste

View towards north

Nagra deep borehole

12 25 Sep. 2012 Siting Process - Experience/vos
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Investigation Area Zurcher Weinland
High-Level Waste

View towards north

2002: Submission of

Opalinus Clay Feasibility Project
O (Entsorgungsnachweis)

Nagra deep borehole

13 25 Sep. 2012 Siting Process - Experience/vos

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 Gewahr (LLW) 1988
- Entsorgungsnachweis (HLW) 2006

to dispose of the waste was

clearly answered.

but

14 25 Sep. 2012 Siting Process - Experience/vos
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Site selection process — The Sectoral Plan =

Selection of potential siting

regions for L/ILW & HLW Stage 1 . ‘.

Crlt(lerlfa: safety, technlcal feasllblllty, . 2008 - 2011 . ‘
preliminary evaluation of spatial planning

issues

Source: Federal Office of Energy (SFOE)

15 25 Sep. 2012 siting Process - Experience/vos.

Site selection - the Swiss approach

Swiss Stepwise Site

Nomination Voluntary Approach Selection and Decision-
making Approach
Implementor announces Plan, criteria, roles,
criteria and call for responsibilities are defined and
volunteers agreed upon

- Implementor proposes siting
One or more communities

. . regions
Implementor investigates volunteer
and evaluates various Authorirties evaluate & approve
sites Implementor proposes (at least)
two sites

Implementor investigates

. Authorirties evaluate & approve
and evaluates sites

Implementor investigates and
evaluates sites

16 25 Sep. 2012 Siting Process - Experience/vos
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Stage 1: Siting Regions

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

[l. Allocation of waste to LLW or HLW repository]

Ll

[ 2. Safety concept and requirements ]
L1

[ 3. Suitable geological-tectonic regions ]
L1

4. Suitable host rocks (incl. adjacent formations) ]

L1
[ 5. Evaluation with respect to repository ]

configuration/lay-out

L1

) =

17 25 Sep. 2012 Siting Process - Experience/vos

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

Group of criteria Criteria
1. Properties of host 1.1 Spatial extent
rock 1.2 Hydraulic barrier efficiency

1.3 Geochemical conditions
1.4 Migration paths

2. Long-term stability 2.1 Stability of properties

2.2 Erosion

2.3 Repository induced effects
2.4 Resource conflicts

3. Reliability of 3.1 Characterisation of host rock
geological information 3.2 Spatial explorability
3.3 Temporal predictability

4. Suitability for 4.1 Rock mechanical properties
construction 4.2 Underground access
18 25 Sep. 2012 Siting Process - Experience/vos
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Safety & Engineering Criteria for Site Selection (2/3)

Group of criteria

Criteria III]I::> Indicators (example)

1. Properties of host
rock

1.1 Spatial extent |/ Thickness
1.2 Hydraulic barrier efficien; Lateral extent

1.3 Geochemical conditions
1.4 Migration paths

Depth - construction
Depth - erosion

2. Long-term stability

2.1 Stability of properties

2.2 Erosion

2.3 Repository induced effects
2.4 Resource conflicts

3. Reliability of
geological
information

3.1 Characterisation of host rock
3.2 Spatial explorability
3.3 Temporal predictability

f Regional fault model
Continuity of formations
n_ Heterogeneity

4. Suitability for
construction

4.1 Rock mechanical properties

4.2 Underground access

19 25 Sep. 2012

Siting Process - Experience/vos

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

Group of criteria Criteria

Indicators (example) [ > Requirements

1. Properties of host [1.1
rock 12

Spatial extent

Hydraulic barrier efficiency
Geochemical conditions
Migration paths

Thickness >100 m
Lateral extent >4 km2
Depth - construction <900 m.b.s.
Depth - erosion > 400 m.b.s

2. Long-term stability 2.1

Stability of properties

2.2 Erosion
2.3 Repository induced effects
2.4 Resource conflicts
3 Reliabi_lity of 3.1 Characteris. of host rock Regional fault model
_geologxc_al 3.2 Spatial explorability Continuity of formations
information 3.3 Temporal predictability Heterogeneity
4. Suitability for 4.1 Rock mechanical properties
construction 4.2 Underground access
20 25 Sep. 2012 Siting Process - Experience/vos
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Multi-Attribute Analysis

LLW

very favour-  less
favour-  gpro favour-

un-
riority area

prionity favourable

able able

insufficient

2 25 Sep. 2012 Siting Process - Experience/vos

Proposed siting regions — geology

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

22 25 Sep. 2012 Siting Process - Experience/vos
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Narrowing down to the 20 sites (proposed in January 2012)

Goals/Requirements

Ensure
operational safety
and feasibility

Guarantee
compatibility with
land use and
environment

Appropriate local
integration in the
region

Criteria

Access/Connection to existing transportation network
Topographical and geological situation

Access to underground (repository)

Operational safety

Zonation

Surface water bodies
Grundwasser

Mineral water wells /hot springs
Protection of nature and landscape

Current use

Embedment in urban development and landscape
Recreational infrastructure/usage

Landscape and natural scenery

2 25 Sep. 2012 Siting Process - Experience/vos

Stage 2: Selection of sites for the surface facilities

Discussion of proposals within regional conferences

24 25 Sep. 2012 Siting Process - Experience/vos
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Roles and Responsibilities in Switzerland

= Legislation

Parliament programme

Federal Office of
Energy

= Applicant and license holder

Policy-maker = Approval of disposal

Federal Government = Site selection process
= Licensing authority

Implementor Regulator
Waste producers Safety Authorities
Nagra (Commissions)
= Preparation of disposal programme = Definition of the safety-
" Project In|t|ator_ ) o protection objectives
= Concepts, studies, investigations, = Supervision
evaluation and safety case for site = Expert evaluation
selection

25 25 Sep. 2012 Siting Process - Experience/vos

Roles and Responsibilities in Switzerland

Policy-maker
Parliament
Federal Government

Federal Office of Energy
(Cantonal authorities)

~ Regional

and local

- participation* -
S -

)

Implementor Regulator

Waste producers —

Nagra (Commissions)

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

Safety Authorities

26 25 Sep. 2012 Siting Process - Experience/vos
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Swiss Site Selection Approach: Key strengths

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

Clear roles and responsibilities
Leadership by the Swiss Federal Office of Energy
Step-wise decision making and step-wise approval

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

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

27 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

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

Proceedings of the Scientific Visit on C-192 February 28, 2013
Crystalline Rock Repository Development




GEOLOGICAL WORK (1)

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

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

s data acquisition for two sites selection;

s 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)

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)

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

s geological mapping and structure geology;

s hydrogeological and hydrological mapping;

s geophysical exploration;

< geochemical exploration;

ssperformance of shallow boreholes, trenches and pits;

ss*samples collection, analyses, tests.

Basic scale of maps: 1: 10,000

. 5 SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, September 24 — 27 2012

GEOLOGICAL WORK (4)

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)

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;

s*borehole — surface (borehole — borehole) geophysical
exploration;

s»*core analyses and tests (petrology, geochemistry, physical properties,
rock mechanic, radionuclide sorption and diffusion...... ).

. 7 SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, September 24 — 27 2012

GEOLOGICAL WORK (6)

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.

. n SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, September 24 - 27 2012
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GEOLOGICAL WORK (7)

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.)

. n SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, September 24 — 27 2012

Conclusion

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.

. 10 SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, September 24 - 27 2012
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THANK YOU FOR
YOUR ATTENTION

fwoller@seznam.cz

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, September 24 — 27 2012
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Radioactive Waste Disposal
Conflicts of Interest

Jitka MikSova

Technical Development Project Manager

Geological Repository Development Department

Radioactive Waste Di P _

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

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

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

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

Main assumption and condition of successful site selection process:

solving conflicts of interest in advance

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24t — 27t September, 2012
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_Repository Life-Cycle

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
Prague, 24th — 27t September, 2012

Site Characterisation

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

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24t — 27t September, 2012
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Potential Conflicts of Interest

Placement of Nuclear Facilities and Very Significant lonising Radiation Sources
— Excluded areas — uncertain tectonics, earthquake zones,...

— Man-made — dams, power plants, urban areas, historical buildings,...

— Forests, soil,...

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th — 27t September, 2012

Potential Conflicts of Interest

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

. n SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24t — 27t September, 2012
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Potential Conflicts of Interest

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
Prague, 24th — 27t September, 2012

Potential Conflicts of Interest

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

radiation:
. Peaceful Utilisation of Nuclear Energy and lonising 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 lonising Radiation Sources

. Basic Design Criteria for Nuclear Installations with Respect to Nuclear Safety, Radiation
Protection and Emergency Preparedness
. Decommissioning of Nuclear Installations or Category Il or IV Workplaces

. n SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24t — 27t September, 2012
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Potential Conflicts of Int I

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.

. n SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th — 27t September, 2012

Population density

Area: 78,866 km?2
Capital: Prague — 1.18 million
inhabitants

Population: 10.3 million inhabitants.
Population density: 130
inhabitants/km?

Number of municipalities: 6 248

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24t — 27t September, 2012
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— electric power distribution network

— gas network

— telecommunications network

— highway, road and railway networks including protected areas alongside them
— air transport routes

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th — 27t September, 2012

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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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

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th — 27t September, 2012

Natural hazards

Flood-prone areas
Earthquakes
Landslides
Mudslides
Tsunamis

CORINE

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24t — 27t September, 2012

Proceedings of the Scientific Visit on C-204
Crystalline Rock Repository Development

February 28, 2013




Mineral deposit protection

Geological map

Old and abandoned mines
Protected mineral deposit areas
Mining areas

Deposit reservation

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th — 27t September, 2012

~ultural Heritage Protecti

Protection of cultural monuments

Cultural heritage
Historical monuments
National monuments
Archaeological sites

Natural monuments

Recreation zone protection

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24t — 27t September, 2012
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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

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

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th — 27t September, 2012

What is required?

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

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24t — 27t September, 2012
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Conclusion

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

credible + transparent + convincing + sufficiently detailed information

— |n a timely manner
— to all concerned

—— and that is all!

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th — 27t September, 2012

Thank you

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24t — 27t September, 2012
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Deep Geological Repository
Development
in the Czech Republic

Technical and Safety Aspects
Radioactive Waste Repository Authority

Jifi Slovak
Deputy Managing Director

Nuclear sites in the Czech Republic

o Richard

E(:i

®praha

O Bratrstvi

Dolni
Rozinka
Temelin

E O Dukovany

~ NPP in operation

L Research Reactor
Uranium mine

O Repository

B SF Storage
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Legislative Princioles of RAWM

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

ma

Radioactive Waste M  C |

LLW /ILW waste
*Ongoing disposal at existing repositories
— Bratrstvi — 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
hd rve th ntial for an international DGR

L - |
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HLW and SNF Management

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
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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 20657
— 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 ‘

11 SITE 2025 !
And next steps? - potential future optimisations

Preliminary site selection - 2002

1 Certovka

2 Biezovy potok
3 Magdaléna

4 Cihadlo

5 Hradek

6 Horka

O Selected Sites for GR — granitic rock
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Supposed Site Selection Process 2012 - 2018

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

Site Selection Criteria

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

L
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Necessary R&D for DGR siting

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

LI |

DGR site selection and public acceptance

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

ey
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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 m? of geol. survey area

Public 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 a DGR*

— 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
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How will municipalities get involved?

Guarantees and Motivation — main issues for WG Dialogue meetings

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 - GUARANTEE

* Establishment of exploratory area = municipalities entitled to receive
payments from the nuclear account - MOTIVATION

How to select Candidate Sites?

v
| Certovka - Bfezovy potok - Magdaléna - €ihadlo - Hradek - Horka - Kravi hora f

Agreement - local
municipalities involvement
Survey licence

Geological survey
municipalities involvement
Survey licence

Agreement - local f'b

Geological survey

Agreement - local
municipalities involvement
Survey licence

Deep borehole drilling

Site specific design Geological survey

>,

Deep borehole drilling

Site specific Safety Case

Site specific Safety Case

Agreement - local
municipalities involvement

s

Survey licence

Deep borehole drilling

Geological survey

Deep borehole drilling

Site specific Safety Case

NN

Discusion with thle Discusion with thle
local municipalities local municipalities

Two Candidale Sites Selection - with agree of local municipalities

> Candidate Site No.: 1 Candidate Site No.: 2
-

Discusion with thle
local municipalities

Discusion with thle
local municipalities
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Future site for DGR - how to select it?(1)

* Only sites where all municipalities will become involved in the
selection process

* 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 — only with approval

3 .ofilliffectecl municipalities

Future site for DGR - 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
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Thank you for your attention

slovak@surao.cz

WWW.Surao.cz
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Sandia
F.x'e' r',"' Pl )] .f.r:h'r R St A O I G IV A .i'n I R 1" e rest National
Laborataries

Application of the Safety
Assessment Methodology

Geoff Freeze

Scientific Visit on Crystalline Rock Repository Development
Prague, Czech Republic

September 25, 2012

. QAR THART OF Sandia National Laboratories is a mulli-pregram laboratory managed and operated by Sandia Corporation, & wholly

@}ENER@Y INTSE owned subsidiary of Lockheed Martin Corporatian, for the U.S. Depariment of Enengy’s National Nuclear Security

Administration under contract DE-ACO4-84ALB5000, SAND NO. 2012-7713P

Outline Q="

» Safety Case

= Safety Assessment Methodology
® FEP Analysis
= Scenario Development
= PA Model Implementation

= Application to Crystalline Rock Repositories

= U.S. DOE Office of Used Nuclear Fuel Disposition (UFD)
= Qther National Programs

Proceedings of the Scientific Visit on C-218 February 28, 2013
Crystalline Rock Repository Development



Safety Case - Definition () i,

= “an integration of arguments and evidence that describe,
guantify and substantiate the safety, and the level of
confidence in the safety, of the geological disposal facility”
(NEA 2004, Section 1)

= Quantitative information - calculated values for safety indicators,
including uncertainty (e.g., a safety assessment)

= Qualitative information — supporting evidence and reasoning that
gives confidence in the quality of the underlying science and
conclusions (e.g., relevant literature, natural analogs)
= References — Safety Case Elements
= NEA (1999b, 2002, 2004, 2008, 2009, 2012?)
= 1AEA (2006, 2011)
= Bailey et al. (2011), Van Luik et al. (2011)

Safety Case — Iterative Development @&,

= “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)

= Early — more qualitative, generic

= Later — more refined, site specific

= Provides a structure for

= |dentification of important subsystem components and processes

= Evaluation of evidence and gaps — to guide research and development
(R&D}

= Discussion with stakeholders — address socio-political concerns
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Sandia

Safety Assessment - Definition .

= “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)
= Pre-Closure Safety Analysis
= Post-Closure Safety Assessment
@ also referred to as Performance Assessment (PA)
= References — Safety Assessment Methods
= NEA (1991, 1997)
= Safety Case references (from slide 3)
= Meacham et al. (2011)

NIRRT S = e o
Safety Assessment Methodology MmE.

; - DEﬁﬂeGo ' L‘ ﬁfharar.terizeSvstem la: . \ i
Pel 1,""5."“__"_.’ s_;“ !  (vaste, Facllity, Site) .
= Formal structure to guide T ,‘
iterative quantitative post- | By vl
. »l {Develop and screen %
closure assessments ; b, )
o i nario N
= Asplicaticn Obiertives £ L L :
: - g S TR $
= Site Characterization 5: m@m o i
= FEP Analysis g Abstrations quaniiy | 1 £
E "ﬁmm"m:;";::d‘ Uncertainty | © £
= Scenario Development g compitrl et \ et ) P e

» PA Model Implementation

Construct Integrated! |

= Assessment Results : PA Model and
N Perform Calculahons :

Uncertainty and

~“Directed Sclence ol
‘and Testing Program
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Application Objectives )

Define | Characterize k
» Performance goals and '_?!rfﬂ{r_v_?,r}_!egfink__?___‘“* Ms“f.f"”T“ eenes
complexity of assessment vary B =
to support evolving phases of P Ly oo o
. construct scenarios, {
repository development g ! M_"_"ﬁ.‘ﬁ;;:{“ X
* Repository planning | R = ! :
. - . ] : i Abstractions antify %
= Site screening and selection 2 : ! oot u?:u"f:.l’w :
= Site characterization and repository § : e
deSign : : mnw&ﬂ+ntegrmd :
= Licensing rertom Calutgtons |
= Construction
Uncertainty and | Directed Science | ;
= Operation _Sensitivity Analyses . ' and Testing Program:
= Closure e + 2 | vt Pty e}

Site Characterization () e,

= Supporting Pre-Closure
= Waste Transportation to Site Per(?;;fn::Gmh'r__—Jc.h;:::;:?ﬁwﬁi:méi’"'\ .
= Surface and Subsurface Facilities ‘ ; s :
+ Construction ' Anaiysis
¢ Operations : L__’ [Mﬁﬁm = .
= Closure g; L’“mfm %
= |terative with structures, systems, 5 “m;"" It é
and components (SSC) analysis ‘E %r% \ | ncerinty ) 5
= Supporting Post-Closure S f
= Repository Design and Setting :.E;S.‘ﬁé;:ﬂ —
Engineered Barriers 7 l
» Natural Barriers / Geosphere '_ s;‘;;:l‘;"z;;:“ _.an:';;:‘fxm
s Biosphere :
= |terative with features, events, and "+ + Evaluate Performance —————

processes (FEP) analysis
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Site Characterization =

= Collect information to characterize:

= spent nuclear fuel (SNF) and/or high-level waste (HLW) inventory and
waste forms

= thermal-hydrologic-chemical-mechanical-biological-radiological
(THCMBRY) processes and properties governing disposal system
performance

= spatial and temporal variability and uncertainty in the THCMBR
properties and processes associated with the initial state of the
disposal system and its evolution over 10,000 years or more

Site Characterization (M) &=

= Schematic of “generic” components (features) and “nominal”
processes for a crystalline rock repository

SOURCE NEARFIELD FARFIELD RECEPTOR

ENGINEERED BARRIER SYSTEM (EBS) GEOSPHERE BIOSPHERE

[T
LW

Source Term Near-Fleld and Far-Field Receptor

m RN Inventory m BufferDegradation @ Advection = Dilution
® WF Degradation || ® DRZ Evolution = Diffusion u Water
m WP Degradation || B Chemicalinteractions = Sorption Consumption
= Themnal Effects ® RN Decayand B Dose Conversion
Ingrowth Factors
Proceedings of the Scientific Visit on C-222 February 28, 2013

Crystalline Rock Repository Development



FEP Analysis Gl

= Formal FEP Analysis for PA

consists of the systematic Pertomance Gl *—->°':w2““"'"ﬁ"'“’ """ :
implementation of: : :
* FEP Identification
= FEP Screening g E
= FEP Analysis is performed :g T " :‘f
iteratively with Scenario £ | oo Sy LR
Development and PA Model i | el .
Implementation | mnmimm 3
= References — FEP Analysis """"“T‘“T“'““"
. I(\IEAlnternationaI)FEP Database - B :_,.:mmmé..i
NEA 19982, 2006 ety Anaiyes ™ and Testio Progrm
« US OCRWM - BSC (2005), SNL (2008) | &-vveeo: Erlyse orforance —————

» US UFD - Freeze et al. (2010, 2011),
Freeze and Swift (2010}

|

Sandia
Kational

FEP Analysis e

® Feature

= An object, structure, or condition that has a potential to affect
repository system performance (NRC 2003, Section 3)

= Event
= A natural or human-caused phenomenon that has a potential to affect
repository system performance and that occurs during an interval that
is short compared to the period of performance (NRC 2003, Section 3)

= Process
= A natural or human-caused phenomenon that has a potential to affect

repository system performance and that occurs during all or a
significant part of the period of performance (NRC 2003, Section 3)

= A “FEP” generally encompasses a single phenomenon
= Typically a FEP is a process or event acting upon a feature
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FEP Identification W=

= Compilation of a set of FEPs (i.e., a FEP List) that captures all
of the phenomena that are potentially relevant to the long-
term performance of a disposal system

= Addresses the question of comprehensiveness
# Have we thought of everything?

= Comprehensiveness of a FEP list cannot be proven with absolute
certainty. However, confidence can be gained through a combination
of systematic reviews (both top-down and bottom-up), audits,
comparisons with other FEP lists, and examination of multiple
categorization schemes.

= Formal FEP identification provides objective evidence that all potentially
relevant FEPs have been considered

FEP Identification (M) ..

= Must define FEPs at a |evel of detail that is broad enough to
produce a systematically categorized, manageable number of
FEPs (a few hundred), yet specific enough to provide the
complexity required for screening and/or modeling

= There is no uniquely correct level of detail at which to define and/or
aggregate FEPs. However, bounding cases can be defined:

* “too specific” - FEPs are narrowly defined, such that there are many
independent FEPs, and it is impractical to develop specific screening
decisions and/or submodels for each FEP.

* “too broad” - FEPs are coarsely defined and it is difficult to isolate
important issues for each FEP. Consequently, some important issues may
get overlooked.

=" T x TR e s e ey
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FEP Identification =

= NEA FEP Database is the basis for many FEP lists
= comprehensive NEA FEP list (NEA 1999, 2006) contains ~2000 FEPs
from 10 international programs in 6 countries
* Yucca Mountain Project (YMP) list = 374 FEPs

= ~400 site- and design-specific phenomena considered in addition to
~2000 NEA FEPs (SNL 2008)

= NEA list contains many duplicate or redundant FEPs — e.g., same FEP
listed in each of the 10 programs

= Categorization identified additional NEA FEPs that could be combined

= Preliminary UFD FEP list = 208 FEPs

= Site- and design-specific YMP FEP list provides initial basis for generic
UFD FEP list applicable to a range of disposal options

= Focus on generic details results in smaller number of broader FEPs
(Freeze et al. 2010, 2011)

FEP Identification () &,

= NEA hierarchical numbering system used to categorize 208
UFD FEPs by physical domains and features, THCMBR
processes, and external factors/events

I 2.1. ENGINEERED BARRIERS (30) 2.2 GEOSPHERE {51) 2.3 BIOSPHERE (34)

Other Units
(223
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FEP Screening .

= From the comprehensive FEP list, selection of a subset of
important (included) FEPs that define the range of possible
future states (i.e., scenarios) of the disposal system
= Addresses the question of completeness
= Are all important phenomena represented in the PA model?

= Must demonstrate that all important FEPs are included in the PA
Model
= Formal FEP screening provides a structure to ensure that all important
FEPs are captured in the PA model
- Included FEPs: Are they appropriately included in the model?
— Excluded FEPs: Do they have defensible rationale for exclusion?

FEP Screening e

= FEPs may be screened out (excluded from the PA model) by
evaluation against the following screening criteria:
“ Low probability - probability of occurrence during the time period of

concern is less than an established {regulatory) threshold

= Low consequence - effect (quantitative or qualitative) on a specified
performance measure (e.g., dose, subsystem measure) is not
measureable/observable/significant during the time period of concern

* Try to avoid system-wide quantitative measures of significance (e.g., 1%
change) — not all FEPs or subsystem domains affect the system equally

* Subsystem-level effects on system-level performance may be masked by
certain designs and/or combinations of input parameter values

— AFEP may have a significant effect on subsystem performance (e.g.,
increased sorption of actinides) but minimal effect on system performance
measure {e.g., dose dominated by 1291}

= Regulation - inconsistent or incompatible with the regulations

= Physical reasonableness - not relevant or applicable to the specific
repository design or site (variant of low probability or consequence)

S TR TR RS
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FEP Screening

= Screening is site-, design-, and regulation-specific
= Each FEP should be evaluated against the screening criteria
= Screening criteria can be considered in any order
= Screening need not be quantitative, but should have a technical basis

= may be more qualitative and inclusive during early iterations

= Screening should consider interactions between FEPs

= Avoid Risk Dilution - ensure that FEP level of detail is appropriate and
does not minimize importance and/or consequence of interactions

= |f a FEP cannot be excluded, then it must be included

= Err on side of inclusion — there is no downside to including a non-
important FEP in a PA Model, other than computational /

implementation cost

= Scenario

= A well-defined, connected sequence
of FEPs that is an outline of a
possible future condition of the
repository system {NRC 2003, Sec. 3)

= References — Scenario
Development
= |nternational - (NEA 1992)
= Safety Case References {slide 3)
= US OCRWM - BSC (2005)

C-227
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Scenario Development &=

= Scenario Construction
* Form scenarios from the included FEPs

= Undisturbed scenario — nominal, central, reference behavior

“ Disturbed scenarios — alteration of nominal conditions by disruptive
events

— e.g., seismicity, volcanism, human Intrusion

= Allincluded FEPs must be in at least one scenario, but some “nominal”
processes may be in more than one scenario

= Some processes and events may be treated as either part of nominal
scenario or as a disruptive scenario

decision may depend on probability of the disruption

= Scenario Screening

= Use similar criteria as for FEP screening to identify any scenarios that
can be excluded from the PA model

N R R SR R e
PA Model Implementation ) ==

Define - Characterize Systern

" Disposal SVStem MOdeI PET‘"_“_G‘E' {Waste, Facilty, Site} il .
= Integrated conceptual and : oo '
mathematical representation of the | : L et e b
disposal system components and : | Zuﬁ“ﬁ;;,:"' .
pm EIS————— _'

scenarios (i.e., the included FEPs)

ulld Mﬂdﬁ’s anﬁ k L 4

= Numerical solution of the

Prioritize Research

; ) . Abstractions | 7 gy
mathematical representation using s 4 Uncertainty

computatonal models) |

}

Construct Integrated |
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'
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PA Model Implementation W=

= Treatment of Uncertainty

= Deterministic — base case results from a single realization with “best
estimate” input values, sensitivity analyses based on “one-off”
realizations

= Probabilistic — base case results is a “mean” from multiple realizations of
the input values (e.g., based on Monte Carlo sampling), sensitivity
analyses also based on multiple realizations
= Treatment of Scenarios

= Combined result from probability-weighted combination of individual
scenario results

= Separate scenario results (e.g., undisturbed criteria, disturbed criteria)

= Model Complexity

= Simplified system model of “linked” subsystem physics with some
submodel abstractions

= Highly-integrated system model with coupled multi-physics (e.g., THC) in
an advanced high-performance computing {HPC) framework

Sandia
National
Assessment Results ..
* Model performance measures peﬁi..'i.i'f.'éim"—-—ﬂ ”3-1721"1'[:5.?;1‘,'“ G
InCIUdE: - . Identify Scanarias for I
= System (e.g., dose) ) N cm‘;.ﬁ‘.g:;:m 1__,___'
® Subsystem (e.g., fluxes, radionuclide | g: ey g
masses) g i g
.. & Build Models and . 8
= Model results and sensitivity E o gy 3
analyses provide: g L wmfw
= Quantitative input to the safety : ey S
: PAModcland  4——o—-nnd
€a5C : Perform Clculations
* Guidance to science and testing : _
Uncertainty and
programs (R&D)
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Assessment Results (),

= Dose estimates in most geologic disposal system models are
controlied by a few key processes/parameters

Source Term Duration
. " 8 Shortdurationfast-release or
'Ra?;?t?;:lg:gz;nve Mo long duration slow release
® Decay and inarowth B WF andWP degradationrates
yanding m Radlonuclide solubility

-{ =---Fast Release {{ — —- —-
| ——Spreading

Radionuciide Transport

B Mass spreading/retention:
advection, dispersion, ! 1/ .
diffusion, sorption

Assessment Results =

Source Term Duration
" B Shortdurationfast-release or
Ea?::i’t?;:'::::im’emo long duration slow release
8 Decayandindrowth B WF and WP degradationrates
¥ g a Radionuclide solubility

advection, dispersion,
diffusion, sorption

Radionuclide Transport B - ~---Slow Relaase ]
8 Mass spreading/retention: - Transport —Spreading | -
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Application e
= Crystalline Rock Safety Assessments

= USA
« Mariner et al. (2011), Clayton et al. {2011)

= Finland, Sweden, Canada, Japan, Switzerland, France, Korea
References provided in P, Mariner presentation
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Insights from Safety Assessments for
Mined Repositories iri Crystalline Reck

Peter Swift

Senior Scientist

Sandia Nationai Laboratories

Presented to the Scientific Visit on Cfvstailine Rock Repository Development, Prague, Czech Republic
25 September 2012
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QOutline (D=

Goals of the discussion

" First order insights into what factors may influence crystalline repository
performance

* Integrating safety assessment results with the R&D programme
=  Examples of Safety Assessment Results
= Preliminary US modeling of a generic crystaliine repository
= Canadian generic safety assessment
* Swedish Forsmark Safety Assessment
= Observations about potentially important components and processes
= |ntegrating Iterative Safety Assessments with R&D
= Discussion
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Generic Crystalline Repository Performance GER
Example from Current US DOE Analyses

Key assumptions in this analysis

Uncertainties treated Nominal Performance
deterministically for simplicity
Waste packages and 1001
cladding fail immediately 10830
Used fuel degrades relatively g
rapidly (fractional B --°°'f:
degradation rate = 2x10-5/yr) E' ;:
% | 4
Bentonite buffer remains g Lindie
intact (0.36 m thick) ] { ca-tey -
1 % of radionuclides released % e
from the waste form pass 1.06-08
through the buffer and enter 1.08-09 : I Ei A L
a fracture network 1.0803 10834 10e08 1.0606 LGaay

Early releases from gap and .

grain boundaries are not Estimated peak dose is 0.0095 mSviyr
modeled at 1.7 Myr, from 1-129

No disruptive events or

humarn intrusion

r— — e — I

Generic Crystalline Repository Performance QS
Example from Current US DOE Analyses (cont.)

Sensitivity to Waste Form Degradation Rate

Key observations from this

analysis 108408
Because base case e
was run with relatively 1.0801 DRAFT
rapid degradation, § oo
faster waste form £ o waeze Form
degradation has little § o .
effect on performance N ’

% 1005 _a'?r:c
Effects of early release - iy
fraction are not 1807
significant when handd
compared to the base 10883
case 10808 <R
1.0E0S 108404 108403 10608 408407

Significantly slower Teme trrel

waste form degradation
rates result in smaller
doses occurring at later
times

4
e
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Generic Crystalline Repository Performance )
Lehorataries
Example from Current US DOE Analyses (cont.)

Sensitivity to Waste Package Lifetime

108401
Key observations from this

analysis 1aRea

DRAFT

Longer waste package e
lifetime results In doses R raage
occurring later in time. £ ronae g
Because of the long 3 s —t
half-life of 1129, there § o ety
is no perceptible £ 1omon 1,900.000
impact on the .
magnitude of the
estimated dose rane

10809 ; = 2

$.08%03 1 0l04 005 1,08+ TOROT

T {yrsh

5

Generic Crystalline Repository Performance ()
Laberatories
Example from Current US DOE Analyses (cont.)

Sensitivity to Buffer Integrity

Key observation from this 1.08402 L
analysis 1.0E+01 e = ! --------:--i AL - i ‘

For the assumptions used 1.0E400 flom el 5

here, the magnitude of E 10801 -

the estimated dose 10802

increases linearly with the E 1R DRAFT

increase in the fraction of i —

radionuclides passing E 1okee |

through the bentonite T

buffer and entering .

fractures in the granite T

1.0E-08

1.08-08 —
105403 1054048
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Generic Crystalline Repository Performance (s
Example from Current US DOE Analyses (cont.)

Sensitivity to Fracture Flow Rate

Key observation from this
analysis

For the assumptions
used here, the time of
peak dose is strongly
sensitive to the flow
rate in fractures

Magnitude of estimated
dose is less sensitive to
fracture flow rate

¥ 1 Flow rate
| multipiier

| ~—1
—_—

Tima {yre)

Generic Crystalline Repository Performance @gs.
Example from the Canadian Fourth Case Study

Average Dose Rates

Key assumptions for this 107 . T .
analysis ] Backpround

ICRP 5% —
Waste package failures (L0 N ———
treated probabilistically, . CH36
expected value of 2
fallures per repository

Very low permeability
for unfractured granite
(8.3x10%m?)

Relatively high
permeability in fractures
(4.1%10-4m32), but
fractures do not directly 10
intersect the disposal

region 100
Slow degradation of the

uranium oxide spent

fuel_ ma reducmg Source: Kremer et al., 2011, “Postclosure Safety Assessment of a Deep Gealogical Repository for
environment Canada's Used Nuclear Fuel’, Proceedings of the Intemnational High-Level Radioactive Waste Management
Conference 2011, Albuquerque, NM USA, April 10 -14, 2011.

ol | — cad i
1o — Bi208

Se-79
Te-99

Average dose rate [Sv/a)

Time [a]
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Generic Crystalline Repository Performance QN
Example from the Canadian Fourth Case Study (cont.)

Deterministic sensitivity analyses

=
oo}
| f\ TABLE I. Comparison of dose rate sensitivities
1 Case Description Peak Dose Peak Tune
2 S—— (8v/a) (ay
. / /T o ity Reference Case 9.7:107F 1.Ex30®
- y 10 Fuel Dissolution Rate | 5.5<10° 86107
; f 10 < Container Defect 1.4x107 £ ai”
" ; / Radius
if Geosphere Soption set to | 1.0:¢1¢7 1.1x30°
¥ 4 ZETo
i/ All Contamers Fail after 9.4x10” 344107
e ¥ e " 100,000 vears

5-fold increase in geosphere permeability
causes earlier I-129 release to biosphere

Source: Kremer et al., 2011, “Postclosure Safety Assessment of a Deep Geological Repository for
Canada's Used Nuclear Fuel”, Proceedings of the International High-Level Radioactive Waste Management
Conference 2011, Albuquerque, NM USA, April 10 -14, 2011,

—_— ¥ 1 = —
— — E—_._J——= — Eﬂ . | I il

Generic Crystalline Repository Performance GER
Example from the Swedish Forsmark SR-Site (2011)

Probabilistic Calculation of the “Central Corrosion Case”

Key assumptions:

Mean Dose Rates
Waste package failures peak values shown in pSv
treated probabilistically, -
expected value of 0.12 — i gg};}
failures per repository, first —— #5257 (0.019) ‘
failures occur at 114,000 5 I gfz gggz) - Dosa cormsgonding torisk imit ]
years g ——MisE  (0.0030)
© - AG2Z  (00031)

Failed waste packages H Tt paney)
assumed to be intersected g /=109 3
by highly transmissive H
fractures = A

. E 1w /_‘ o
Slow degradation of the g 7}
uranium oxide spent fuel in ‘Eé // S
a reducing environment i f L / " 2

Key Observation f'j - r=d
Total dose is dominated by . . ol l’ir’/ : Z 1
Ra-226, due to relatively il o m up
rapid transport in fractures Time {years)
Ra-226 ty2 = 1601 yr Source: SKB Technical Report TR-11-01, Figure 13-18
10
1T IV EETTIE E reE—
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Generic Crystalline Repository Performance s,
Example from the Swedish Forsmark SR-Site (2011)

Hypothetical Deterministic Failure of Waste Packages

Mean Dose Rates

peak values shown in pSv
L T r '
SR L prars 1 Melk sRstigtes 1Ry

Key assumptions: S e et w e
Waste packages assumed Ry A B2
to fail by unspecified
mechanism, and to provide
no further waste isolation
capacity

Geosphere functions as
expected

Key Observation

|
1w H

[
]
(SNSRI RE— RN

|
|
|

[T .

., [» -~ Dose comesponding to risk limit
HY

Mean annua! effective dose {pSvy

xarrh

——

Total estimated dose varies S
linearly with the number of ‘ | - h_u:|
failed waste packages e - w P

Tihwe fyesasl

Source: SKB Technical Report TR-11-01, Figure 13-53
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Generic Crystalline Repository Performance EN
Example from the Swedish Forsmark SR-Can (2006)

Sensitivity to spent fuel 100y Backgunrd rckcen
- /’,II
degradation rate 7
PReguatotmt | ___)l__ _____ ,F{
. 10 .
g ] ~ Buosphas o Fuel @te 100
Fractional dissolution rate I O S o
ra nge 10'5/yl’ tO 10—8/vr '5 . :_"" gec-ap:ﬂmtmi ;;;:abmfr. et
il= o tetid; e M e
Corresponding fuel lifetimes: 2 | et o
~ 1 Myr to 100 Myr | I
Dissclution rates for oxidizing o
conditions (not anticipated) s f
up to 10-*/yr (corresponds to 00001 ]
10,000 yr} 1,000 10,000 100,000 1085633

Time Iyvearal

Figure M-id. Sensitivity of 1he base case result to the fuel dissolution rate. Semi-correlated hydro-

Uncenalntv n fUE| dissolution meologiea’ DFN model for Forvsmark. 1,000 realisations of the analytic mode! for each case.

rate is potentially an important

contributor to overall Source: SKB 2006, Long-term Safely for KBS-3 Reposifories af Forsmark
uncerta inty in modeled total and Laxemar—a First Evaluation, TR-06-08, section 10.6.5

dose estimates Also, SKB 2008, Fuel and Ganister Process Repart for the Safety
Assessment SR-Can, TR-06-22, section 2.5.5
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Thermal Constraints for

Sandia
()
Lahoratorizs

Representative Disposal Concepts

Storage time required to comply with temperature limits
as a function of UOX assemblies per waste package
BOOp - rruereneenns ERIPRE freee e e

500k i .......... ........... R 'r"

P
o
|=]
+
-
*

o]
[=]
[=]
+
4

Surface storage time (y)
8
f=]
-
* Q
\“‘ f
W

—
f=
[=]

8 10 12
Number of assemblies

Notes:

1. Thesa resufls ane based on assumed tsmperalure limits on the wasfe
package surface of 100°C in clay end granke and 200°C in saif

2. Thermal consiraints are one of many for wasie packagi
siorage end disposal.

Source: Hardin et al., 2011, Generic Repository Design Concepts
and Thermal Analysis (FY11), FCRD-USED-2011-000143

Options for Meeting Thermal
Constraints Include:

Repository Design
Size of waste packages
Spacing between packages

Thermai properties of engineered
materials

Operational Options

Aging

Ventilation

Load management
Modifications to Waste Forms

Decreasing density of fission-product
and actinide loading

Separation of heat-generating isotopes

13

Summary of First Order Observations from Existing
Crystalline Repository Safety Assessments

Sandia
() B
Lahoratories

= Crystalline repositories have the potential to provide
excellent long-term isolation for used nuclear fuel and high-

level radioactive waste

= Components (or parameters) important to building
confidence in performance estimates are likely to include

= Waste package lifetime

= Waste form lifetime (U0, dissolution rate)
= Connection to transmissive fractures {including rock properties and

buffer integrity)

= Rate of advective transport in the geosphere

= Thermal load management issues are likely to favor relatively
smaller waste packages in crystalline repositories

14
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Integrating Iterative Safety Assessments with
Research and Development
An Example from the Waste Isolation Pilot Plant (page 1)

Sanila

pre 1989 1989 1990
: 1-D Flow 1-D Flow/Trans 2-D Flow/Trans
gﬁpmhgi?:mi%n No Retardation No Retardation No Retardation
__|No Gas Effects No Gas Effects No Gas Effects
Probabilistic Manual Dataflow Auto Dataflow Auto Dataflow
System
Assessment/
# parameters
sampled
i {simple estimates) Solubility Solubility
ggpasrl:;teers Brine Inflow Intrusion Time Intrusion Time
_ | Gas Generation Borehole Fill Cond. Borehole Diameter
Human Intrusion Wasteform Porosity Culebra Retardation
Scenarios & Conductivity Dual Por. vs. Fractures
?:;?g?oogr:xcm Study Do Engineered Do Dual Porosity,

Brine Inflow,

Integrating Iterative Safety Assessments with

EPA Regulation

Alternatives
Study

Research and Development (cont.)
An Example from the Waste Isolation Pilot Plant (page 2)

1992

Coupled Processes
in Waste Panel,
Geostatistics in
Culebra, Full Rep.
for Undisturbed
PSA/S5

|

Retardation &
Solubitity Studies

15
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Kational
Lahoratories

1998

Fracture Approx.,

Full Rep. for all
scenarios, nonSalado
Strat. included,
Colloids, Spallings,
Direct Brine Release,
Mining, MgO Backfill

A 2

Previous list plus
Fracture Spacing, H,0
in waste, Seal Perm.
(SPM-2: Colloids,
Spallings, Direct Brine
Release)

Waste shear sfrength
and particle diameter,
Borehole Permeability,
Gas Generation

L 4

v

1991
2-D Flov_vrl_' rans
PA Modeling Geostatlgtlcs
P, Retardation
Sophistication | Gas Effects
*PSAM = PSA/45
Probabilistic Auto Dataflow
System
Assessment/
# parameters
sampled
-, Previous List plus
Sensitive intrusion Rate (Poisson)
Parameters Gas Generation Rate
Salado/MB Perm
Culebra T-fields and BCs
Guidance to
Test Program Do Fracture Study

Regional GW Model

Gas Generation Model

Proceedings of the Scientific Visit on
Crystalline Rock Repository Development

Continue ongoing
Studies, Support

Conceptual Models, QA

C-241

Submit Compliance
Certification

Application
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Integrating Iterative Safety Assessments with G
Research and Development R

An Example from the Current US Program

= Used Fuel Disposition Campaign
Disposal Research and Development

sad Fel Disposition
Roadmap
gmw“ : * “an initial evaluation of prioritization of

R&D opportunities that could be pursued

R by the campaign”
= Completed March 2011
® Used to inform prioritization decisions for
disposal research in FY12 and beyond
PR o » Update in progress

hitp:fwww.ne.dos.gov/FuslCycle/neFuelCycla_UsedNudlearF uelDispositionReports. htrnl

Used Fuel Disposition Campaign R&D Roadmap () s,

= Objective: identify and prioritize disposal R&D opportunities to inform
allocation of limited resources

=  Approach
* Engage technical staff in the evaluation
® Use the catalog of Features, Events, and Processes to identify potentially
relevant issues
= Recognition that evaluations will be subjective and scores will be qualitative
= Consider timeliness of the R&D:
Does it support generic concept evaluations?
= Does it support site screening or selection?
= Does it support site-specific design or licensing decisions?
= Evaluate issues based on
* Importance to the safety assessment
“ Importance to design/construction/operation of a facility
* lmportance overall confidence in the safety case
» Take existing state of knowiedge into account
* i.e.,, something may be both very important and sufficiently well understood

18
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Used Fuel Disposition Campaign R&D Roadmap
(cont.)

Leheratories

= Categories used in scoring state of knowledge

»  Well Understood: representation well developed, has a strong technical basis, and is defensible.
Additional R&D would add little to the current understanding

= Fundamental Gaps in Method: the representation of an issue (conceptual andfor mathematical,
experimental) is lacking

= Fundamental Data Needs: the data or parameters used to represent an issue (process) is lacking
= Fundamental Gaps in Method, Fundamental Data Needs: Both

= Improved Representation: The representation of an issue may be technically defensible, but
improved representation would be beneficial {i.e., lead to more realistic representation).

= |mproved Confidence: Methods and data exist, and the representation is technically defensible but
there is not widely-agreed upon confidence in the representation (scientific community and other
stakeholders).

= |Improved Defensibility: Related to confidence, but focuses on improving the technical basis, and
defensibility, of how an issue (process) is represented

» [mportance and adequacy with respect to decision points: how much do we need
to know and when?

= |mportance—additional information may be essential for a given decision, supportive, or useful but
not needed

= Adequacy—existing information may be adequate for a given decision, partially sufficient, or
insufficient

N e e et T o R e
Used Fuel Disposition Campaign R&D Roadmap M.
(cont.) B

» For R&D activities proposed for each topic, additional
information is needed to support prioritization

= Decision point supported by the R&D: i.e., generic concept
evaluations, site selection, site characterization and repository design,
licensing

= Time required to complete the R&D
= Cost

= Evaluation results compiled and organized using the structure
of the FEP catalog
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Example of the Prioritization Information Matrix ([ &,

commva |

o bty - ot — wan . o |

I

e B ] T
oot Ry ¥, Pt

From Appendix A of the UFD Disposal R&D Roadmap:
www.nuclear.energy.goviFuelCycle/neFuelCycle_UsedNuclearFuelDispositionReports. html
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Example of the Prioritization Information Matrix () &,

2.1.08.09 Mo it Bawd T - Fracz,e - Mativ Joe "

Way te of wgh importence for performance in certain

ervaonmerts - peVems "soiiop ferm” relere upon faikuel

©f wema paskages for certain daeigng in carain
erviienments. Other courtries hive evziusted itze huoig bfieysackdil materials.

Fundamantal Gaps in Mothod

Medlium fmooriarce for doeign - coukd elfact backlibuttar] Improved models of fow through braeches coutd insrease

design and emplacement iachniques uposistanding ef mlaress irom the enginesred barriers,
210604 |Fow Tzogs Soas | Frecis] e 1ontnse for overall conlidance - secondary
. Gas isoallon banier,
Liay ke of high ipciaroe lor perlomiance in cortain
snroamenia - Gosk prml:ds pretarential patiways for Improved madets of flow through breaches could Inthe 1a
ralense. ) understanding of releassa from the engineerad banters. For
Fagh riacsiancs for ufc-:xbnh;:ralrumn - squkd b ey F“grm'mrfﬁmmm nam.n:inlshnnma, ':::l": transpart mh m::m:md
- dame, oy foemance procn
par. of isolation syster carbonation, sulltats atteck, and coupled phenomana Influsnding gas
bugl wmaoance a7 everell confiderce - potential tiadespor.

2/atish barser.

Enlargements of portions of the previous page
Full table is 56 pages long

From Appendix A of the UFD Disposal R&D Roadmap:
www.nuclear.energy.gov/FuelCycle/neFuelCycle_UsedNuclearFuelDispositionReports.him1
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Used Fuel Disposition Campaign R&D Roadmap DS
(cont.) o

Using Evaluation Results to Support Prioritization

= Scores and weights assigned by program management for each issue and
R&D topic
= Basic principles applied in scoring
= Qverall priority is a function of
Importance to safety case
Importance at each programmatic decision point
Adequacy of existing information
= |mportance to the safety case is relevant at all decision points
= |mportance to near-term decisions is of higher priority
* Where current information is adequate, priority for R&D is lower
= Where scores differ for different concepts or media, priorities are media-
specific
23

Used Fuel Disposition Campaigh R&D Roadmap LD

(cont.)
Summary of Natural System Results
' GEOSPHERE > Crystalline | Borehols Salt Shale
E Highest ranked 12.01. LONG-TERM PROCESSES (tactonic - e
- activity)
Issues 1.2.03. SEISMIC ACTIVITY
~ Flow and transport |- Effectson EBS
th - P - Effects on NS 2
e in 13,01, CLIMATIC PROCESSES AND EFFECTS Lot
crystalline media 2.2.01. EXCAVATION DISTURBED ZONE 3
. (EDZ)
- Excavation 2.2.02 HOST ROCK (properties)
disturbed zone for 2.2.03 OTHER GEQLOGIC UNITS (properties)
borehole disposal |28 o ocrasEs
and shale media 2.2.05. HYDROLOGIC PROGESSES
—  Hydrologic 2.2.09. CHEMICAL PROCESSES -
rocesses for salt CHEMISTRY
proce 2.2.08. CHEMIGAL PROCESSES -
media TRANSPORT
. 2,210, BIOLOGICAL PROCESSES
—  Chemical e
2.2.11. THERMAL PROCESSES
processes for shale [2212. GAS SOURCES AND EFFECTS s : PR
media 2.2.14. NUCLEAR CRITICALITY Low Low Low Low
— Thermal processes Notes:
for shale 1. Shading indicates that research has been undertaken in other gecloglc disposal programs

2. FEP numbers lists Include all FEPs beneath the 3™ level
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Used Fuel Disposition Campaign R&D Roadmap e
(cont.) -

Summary of Engineered System Results

B Highest ranked issues: Overall higher ranking for Waste Form, Waste
Package, and Buffer/Backfill materials
- Waste Materials: Waste form issues ranked higher than those for inventory

— Waste Package Materials: Waste container issues and chemical processes generally ranked
higher than those for specific processes such as hydrologic and biclogic.

- Buffer and Backiill Materials: Issues related to chemical processes generally ranked higher
than others.

— Seal and Liner Materials: Issues refated to chemical, mechanical, and thermal processes
generally ranked higher than those for radiation or nuclear criticality effects.

- Other Engineered Barrier Materials: Issues related to chemical processes and radionuclide
speclation / solubility ranked slightly higher than issues related to thermal, mechanical, and
hydrological processes.

~ Overall, chemical processes in the considered EBS components ranked higher than others
but these are strongly coupled to thermal, hydrological, and even mechanical processes
within the EBS

25

Observations Regarding the Integration of Safety Dk
Assessments and Design of an R&D Program =

= Safety assessments provide a primary source of information
about the importance of R&D topics

= Safety assessments provide the best means of identifying those topics
for which uncertainty has a large impact on estimates of long-term
performance
= Safety assessments mature throughout the life of a project,
and help inform R&D choices at each step of the way

= R&D decisions also take into account a broad range of
qualitative programmatic considerations
= Overall confidence in the safety case
= State of knowledge in the international community
= Cost, schedule, and integration with phased decision-making

26
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Discussion
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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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NPP location and NSF situation

* 10 Nuclear Power Reactors
+ 8 reactors in operation in 6 sites
- 7.8GWe
— 19% of country’s electricity generation
* 2 NPP closed down, being decommissioned

NSF and HLW-MLW Inventory and estimates

*  Present Inventory
— 4000 tU SF in storage (December 2009)
Most of it in pools
2 ISFSI in operation
— Trillo NPP
— Jose Cabrera NPP
— Asco 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
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General aspects of NSF management

* 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

Independent SF storage Facility at Trillo NPP
+ 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
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Independent SF storage facility at Jose
Cabrera NPP

- 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

ATC. The Centralized NSF and HLW storage
facility project

- 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 Caias (Cuenca)
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ATC. The Centralized NSF and HLW storage
facility project

+ 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. Main parts

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

« 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. Functions

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

*  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. Focus

*  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
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Deep Geological Disposal. Previous works

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. Supporting

Research

*  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
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Conclusions

«  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

ESPANA
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Simulating Flow and Transport in Fractured
Media

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

26.09.2012
A Scientific Visit on Crystalline Rock Repository Development, Prague

Contents

- Introduction
- Example 1: 1D transport simulations for a generic repository in Russia
- Example 2: 2D radionuclide-colloid associated transport within a fracture

- Example 3: 2D 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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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
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Introduction: Tools of the GRS for Iong-term safety analyses
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Tools of the GRS for long-term safety analyses
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(density driven) flow in the geosphere
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Example 1: 1D transport simulations for a generic repository in Russia

+ 1D simulations for a representative fracture
- Modelling advective transport and matrix diffusion

0 0.325 0.575 10m 100 m

EDZ host rock

glass matrix

@ observation points for the assessment of radionuclide migration

Scientific Visit on Crystalline Rock Repository Development, 24-27 September 2012, Prague 6
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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: 100 m
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Example 1: 1D 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)

after about 10 million years)

Cs-135, and Se-79 are the dominating radionuclides (Ra-266, Th-230, Np-237

Outlook: uncertainty and sensitivity analyses will be performed soon
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Tools of the GRS for long-term safety analyses
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Processes and dependencies

d3*f rit
advection, diffusion, dispersion * sorption
fluid density and viscosity depending « equilibrium
on concentration and temperature - kinetically controlled sorption
« completely coupled equations (linear and non-linear)
(no Boussinesq approximation) = complexation
permeability: constant, function, precipitation
or stochastic * immobile pore water
user-defined functions = element-dependent porosities
(initial and boundary conditions, element-dependent diffusion
parameters) i . p‘ .
anisotropic diffusion
contaminant-dependent decay
colloid-borne transport
= coupling with PHREEQC
smart K -concept
Scientific Visit on Crystalline Rock Repository Development, 24-27 September 2012, Prague 11

4 RS

Processes and dependencies
d*f r’t
[advection, diffusion, dispersion| »[sorption |
= fluid density and viscosity depending « equilibrium
on concentration and temperature kinetically controlled sorption
completely coupled equations (linear and non-linear)
(no Boussinesq approximation) = complexation
permeability: constant, function, « precipitation
or stochastic immobile pore water
» user-defined functions element-dependent porosities
(initial and boundary conditions, element-dependent diffusion
parameters)
anisotropic diffusion
contaminant-dependent decay
= |colloid-borne transport |
* coupling with PHREEQC
= smart K-concept
Scientific Visit on Crystalline Rock Repository Development, 24-27 September 2012, Prague 12
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Example 2: 2D radionuclide-colloid associated transport within a
fracture

Interaction rates:

« ky  free radionuclide (RN) - sediment
* ky:  colloid — sediment (detachment) :
< K,:  colloid — sediment (attachment) ; k3
© kz:  free RN —mobile colloid ,
« ks free RN —immobile colloid .? L Fetie

Scientific Visit on Crystalline Rock Repository Development, 24-27 September 2012, Prague 13

Example 2: 2D radionuclide-colloid associated transport

Model setup
d3f: =0 (open)
r3t: dc/dn=0
""""""""""" Wsom TR
1
£ p=0
Vi = Vexpout g de/dn=0
= (outflow =
de/dn =0 (c ) :
5 y
Yol
T EEGm TR
v,=0 Vin = Vexpiin .
" (impermeable) o § F (inflow)
f,.=0 ' n~ ‘exp,in
p = pressure [Pa] v = velocity [m s7]
dc/dn = diffusive/dispersive flux f=flux [m3s?]
Scientific Visit on Crystalline Rock Repository Development, 24-27 September 2012, Prague 14
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Example 2: 2D radionuclide-colloid associated transport
Predictive calculations

Calculations for ideal BOEOS bl Lt 11
. | 08-02, 10-01 and 12-02
tracer show quite (model curves scaled)
good agreement with = 0
experiment £ 6OE06 o, g~y
& ———— 10:01, iracer, experiment
) = = = 10-01, rracer, model
E : 12-02, tracer, experiment
Test run 0802 1001 1202 & 1 T
§ 4.0E-06
Inflow Q 10 ca.0.55 033 é
[ml/min] 3
Outflow Q 165 47.2 25 E 2.0E-06
[ml/min] 2
Injected tracer 15.4 5 45
mass my[mg]
0.0E+00
Test run period 2.5-10° 2-108 4-10°
t[s] Time [h]
Scientific Visit on Crystalline Rock Repository Development, 24-27 September 2012, Prague 15

Example 2: Experimental and simulated breakthrough curves for run 10-01:
Homologues

Desorption rates from colloids
tetravalent (Hf, Th): k; , = 0.03 h"1
trivalent (Eu, Tb): k3 , = 0.075 h”’

1.0E-06 L | I PR SRR S T | 1 n 3.0E-08
1 a 001, K,=0.054 b, k,=0.108 h ", k,,=0.03 h" D il
2.5E-06 “omamene Colods, expedment Lo 25606
= . e fpsmie TROMUM, BYPBAMEN| =
E i 1 s i MMM, DEpOAMONI N ]
= 4 & Cotoids., maol - =
S F 4 Homalogues. model 5
£ 20606 )\,x = £ 20605
3 ]
c H c
2 f i L
[ ] ! [ ]
E 1.56-06 5 15E:06
§ 1.0E-06 E 1.0E-06 —
g ] £ ]
5 5
- ]
5.0E-07 5.0607 —
0.0E400 —= — - 0.0E+00 -i ——
00E+00  2.0E+05  40E+05  6.0E«05  BOE+05  1.0E+06 00E+00  20E+056  40E+05  B.0E405  B.OE+05  1.0E+06
Time [s] Time [s]
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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
« Qutlook: experiment with colloid-bound radionuclides was performed
- comparison with simulation results when data analyses are completed
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{mogel curves scaied)

1 3 1 fad
:IHI.WII'. (R T

25606 e G e——
> T e
P v st}

T S st

ey
iy e

20E05

¥
£
15608 i‘. ‘ i E . _ \

gi
i
i

Kotmakaod Cencanivz: on g, [1i]
M
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/
T
Normaliend concantratien eim, [t mi)
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Processes and dependencies

d>f r’t
advection, diffusion, dispersion] sorption
“ |fluid density and viscosity depending - equilibrium
on concentration and temperature - kinetically controlled sorption
- completely coupled equations (linear and non-linear)
(no Boussinesq approximation) complexation
permeability: constant, function, precipitation
or stochastic * immobile pore water
* user-defined functions « element-dependent porosities
(initial and boundary conditions, s dlsmentdsoandent diftision
parameters) _ ] p. i
anisotropic diffusion
contaminant-dependent decay
colloid-borne transport
= coupling with PHREEQC
smart K4-concept
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Example 3: 2D flow and transport in fractured media

+ Vertical 2D model for an area near Majak, Russia
Four hydrogeological units, five representative fractures
« Comparison of model results of d3f and FEFLOW /DHI 2010/
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Example 3: Flow simulations

Parameters and boundary conditions

pressure: -0.059 to 10.270 MPa

recharge: 1

P

31-109ms™?

]
o
w
1]
c
]
o
1
o
o
©
w
—
(5]
=N
=)
N
o]
o
=
nY
o

CTLT TS TS TSI TSI

no flow

ca. 1055 m

Clay and gravel

Weathering zone

Fractured Zone -
low water circulation

Fractured Zone —
very low water
circulation

Fractures
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Geological unit

Permeability [m?]

I: Clay and gravel
II: Weathering
zone

III: Fractured zone

IV: Fractured zone

2.08:10?

5.79-1013

1.16-10'"7
1.16-10°%

Fractures

Aperture [m]

Permeability [m?]

1.0-102
7.52-1013
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Example 3: Flow simulations
Results

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

i)

Example 3: Heat transport simulations
Parameters and boundary conditions

temperature: 275.15 K

RS

FEFLOW

21

RS

>
X 'x—p’ﬂ Matrix Fractures
§ & : ) Heat capacity of the fluid [J kg K1] 4,170 4.170

. = (]
o -g : & Heat capacity of the solid [J kg1 K] 2.199 2.199

1 £ S '

: Heat conductivity of the fluid
¥ 8 3 5.97:10% 5.97:10%
wn .. — [ siml K"-]
-0 3 @
N3 = = Heat conductivity of the fluid
=N z i 266 2.66
e z g Ustmiky
= g’ = = Mass-density of the solid phase (rock)
3 - @ 3.0.10° 3.0-10%
e = o [kgm?)
g3 5
o : =1
EE )
83 o
2= @
o
= =
£
temperature: 305.15 K
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Example 3: Heat transport simulations
Results

Temperature
(K]

i 305.15
275.15

s T e
& \ i
- \ /
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GRS

Example 3: 2D flow and transport in fractured media
Summary

Simulations of flow and heat transport in a fractured area

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

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

Fiow veloty ’ Temperaars
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Conclusions

+ Avariety of tools for long-term safety analyses is available at the GRS

+ RepoTREND system: 1D simulations of processes in the near field, far field and
biosphere, coupling with uncertainty and sensitivity analyses

d3f/r3t: 2D and 3D flow and transport simulations in the far field

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

Scientific Visit on Crystalline Rock Repository Development, 24-27 Sepiember 2012, Prague 25

Thank you for your attention!
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Geological mapping and structural research:
implication for High Level Waste Disposal

Jaroslava Pertoldova, Krystof Verner, Jan Franék

Czech Geological Survey

* Historical development of geological mapping in
the Czech Republic

» Current stage of geological mapping in the CGS

« Significance and practical utilization of geological
mapping

e 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.

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.
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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.

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

Introduction

Geology

Geophysics

Geochemistry

Mineral resources
Hydrogeology
Engineering-geological pattern
Environmental geofactors

. Important geological localities
10. Geological development

11. List of references and maps used
Special supplements

COENDO AN

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.

» 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

Proceedings of the Scientific Visit on C-276 February 28, 2013
Crystalline Rock Repository Development



* 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

 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.

Kutna Hora region

Mapping is important especially in context with a large-scale
undermining of the historical silver-bearing Kutna Hora
district. The mine system is situated directly underneath the
centre of the UNESCO-protected medieval town of Kutna
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. Krejéi

« 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

Sumava National Park and adjacent areas

Foto E. Bfizova
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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 Stozec” in Sumava and publishing of the
monograph “Guide to the Geology of Sumava”, which was carried out in
cooperation with the administrations of the National Park Sumava Mts.

+ 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.

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

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

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

Steep magmatic foliation

Durbachite

Discordant intrusive contact

Granulite

Steep metamorphic foliation

Durbachite

Folded intrusive contact

Granulite
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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

— 7
- v 4

Shear zone with evidence of Low-temperature shear structures
right-lateral kinematics (tonalite) Reflecting thrusting kinematics
(migmatite)

Faults and joints
Results of deformation in brittle enviroment

Extensional joints

Fault plane with kinematic indicators
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Processing of mesoscopic
structural data

Orientation diagrams of structural elements

Structural map -

Tectonic indications based on Remote sensing analyses

24
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Results of gravity modelling
indicating geometry and depth
of granitoid plutons

25

Interpretation of
structural data

100 km scale

5 m scale

26
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CONCLUSION

- s
7 N

Map of tectonic anisotrophy of rocks ( Domain 1.

A e
Seao_-"

Synthesis of partial results of structural,

geophysical and remote sensing

analyses with broad implication for model -7
of intensity of tectonic anisotrophy. — 4 \

Domain 1.
Strong intensity of RA

Domain Il.
Moderate intensity of RA \ 1

Domain lll.
Low intensity of RA

Summary

* 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.
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Thank you for your attention
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Application of Geophysical Methods
for HLW Disposal in CR

Milo$ R. Karous

RNDr. PhD. DrSc., Professor of Geophysics
GEONIKA Ltd. Prague
Faculty of Science, Charles University
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Interpreted cross-section
from gravity anomaly
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Aeromagnetic contour map
KrkonoSe Mts.
!
Uvod do uzité geofyziky 7

Airborne magnetic
measurements

Volkano Doupov

bhbligansens. usneaiyiegadiil

Aeromagnetic map
Northern Bohemia
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Interpreted cross section from complex of geophysical methods
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Overview of aeroelectromagnetic methods
a) - d) stable AEM profilling, e) - g) unstable

1"
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Table 16.1 Concentrations and ratios of U, Th, and K in some rocks and minerals

Concentration of element, ppm (parts per miilion)

Rock or mineral Uranium Thorium Potassium
Sediments
limestone 2 2 3,000
sandstone 2 1" 27,000
shale 4 12 25,000
Igneous and metamorphic
andesite ’ 2 6 25,000
basalt 1 3 10,000
gabbro 0.05 0.15 800
granite 4 25 40,000
pegmatite 10-100
schist ! 3 " 27,000
ultramafic 0.001 0.004 30

The data, which are derived from various sources, are intended only as a guide to values.
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Conductive tectonic lines according to
electromagnetic VLF method
Melechov granite massive

Principle of aeroelektromagnetic method
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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

Milos (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 Prochazka &
RNDr.Jiri Lukes, RNDr.Michal Pitrak

AQUATEST a.s.
Geologicka 4
152 00 Praha 5
www.aquatest.cz
E-mail prochazka@aquatest.cz

‘{l aquatest

e
[—— 5\ N

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.

ﬁ aquatest
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Well logging methods:

Fluid resistivity log Wull wave acoustic log
(sonic log)
Photometry log S"D

Gamma log Neutron-neutron log V;@
Resistivity 1
vity logs Temperature log%!l

Magnetic suscept. é

Acoustic scanner

analog. Acoustic log

Gamma-gamma log © ...

Caliper log h
Borehole TV
Krus$né Mountains — borehole near Lesna village
Diameter 76 mm, core drilling, depth 100 m, water level 6 m
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Interpreted parameters of rock massif

Compression strenght

Natural gamma activity Density Attenuation of seismic waves
Young modulus

Velocity of P waves

Full Wave Acoustic log
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Synthesis of well logging data
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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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» Measurements of
water inflows and their
yields in different times
after borehole
completion.

» Water inflows and
their yields are even
after long period

practically identical.

CONCLUSIONS :

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

* Detailed lithology and physical parameters of rocks
e 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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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 Rock environment
(m.s)

1013 - 1010 Compact granite without fractures or with
closed fractures or fractures filled with
secondary minerals

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

Opened water conducting fractures of smaller
extend

Regionally significant opened fractured zones

Individual opened fractures in larger fractured
zones
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Arrangement of pumps for
periodic sampling of
groundwater from poorly
permeable granite from several
depths
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Depth
Meter

69-111

111- 161

161- 220

220- 300

Days
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Depth
Meter
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——220-300 m
——161-220 m
@ _111-161m

69-111 m

Molybdenum in groundwater

69-111m

Total organic carbon

—— 111-161m
—— 161-220 m
—— 220-300 m

600 800
days
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13C-TOC 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/I 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 813C 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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Radioactive Waste Disposal
Data Management

Jitka MikSova

Technical Development Project Manager

Geological Repository Development Department

Geographical Data Management

Czech Office for Surveying, Mapping and Cadastre

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.

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24t — 27t September, 2012
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Map Sheets

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th — 27t September, 2012

Geological Data Management

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 N0.365/2000 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 Republic

on the protection and utilization of its natural mineral and groundwater resources as well as on
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
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_Czech Geological Survey

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 — 27t September, 2012

«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

. n SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
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. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th — 27t September, 2012

The Spatial subsystem has
been under construction since
the mid-1970s.

. n SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
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CGS Databases Overview

. n SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th — 27t September, 2012

Metadata

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, 24t — 27t September, 2012
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Metadata

Status of the data

Time period for which the data is relevant
Date and time: 2006

Publication Information
Who created the data: P. Nowotny, B, Migoch, 8. Schulmannova, K. Breiter
Date and time: Nepubliovany material

2
Location of the data:

© WKOPACK 10, v_10_06.mdb
nvir

ent: Microso ft windows XP Version 5.1 (Build 2600) Service Pack 2; ESRI ArcCatalog

using the data

avatel SURAO

imo rémec projektu CGS 4110

Details about this document

uze pro UEely fedeni a spoluprace v ramei projektu GGS 4110 - Geologicky vyzkum testovac

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT

Prague, 24th — 27t September, 2012

Data Sources

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
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_Data Sources

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 — 27t September, 2012

Data Properties and Data Workflow

— 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
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Database Structure

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th — 27t September, 2012

Spatial Data

Conceptual model

Logical model
*GIS scope definition
*GIS system design

System architecture
—  Meta-information catalogue

Physical model

— 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)

. m SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
- Prague, 24t — 27t September, 2012
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Spatial Data

*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

sInclusion in existing information system

*Data and results storage and archiving (LONG TERM PRESERVATION)

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th — 27t 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)

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
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Why GIS? — Spatial Analysis

distribution of villages at defined distance from place of interest

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
Prague, 24th — 27t September, 2012

GIS can be a convenient tool for data integration and processing
in

all stages of the repository life cycle

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

. SCIENTIFIC VISIT ON CRYSTALINE ROCK REPOSITORY DEVELOPMENT
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Data Storage

*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 — 27t September, 2012

DATA MANAGEMENT
ESSENTIAL element of KNOWLEDGE MANAGEMENT
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Linking communication
theories into Czech reality

Lucie Steinerova
Communications Manager

Prague, September 2012

History of participation in repository site selection

3 LILW repositories in operation:
- Richard from 1964
- Bratrstvi 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

mra
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The State is responsible for the safe disposal of all radioactive waste in the Czech Republic

SURAO is a specialized state organisation responsible for safe repository operation

® 2000 Repositories transferred into State ownership
> Bratrstvi and Richard owned by ARAO Ltd.
> Dukovany by CEZ 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

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

L - |
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-
_ARGONA project2006-2009
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

ma

Participatory Approaches in the Czech Rep.

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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Worki for dial

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...

v Advisory body
v 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

v Informative body for the public and involved parties

mRa

_IPPA Project 2011-2013

Implementing Public Participation Approaches www.ippaproject.eu

ippa
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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®*  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

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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< /KAERI

' Korea Atomic Energy
Research Institute

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

KURT Activities and prospects

Sep. 26, 2012

Yongkwon KOH

Korea Atomic Energy Research Institute

)

—

< /kari

' Korea Atomic Energy
Research Institute | NN

Contents

« Overview of KURT
+ Plan of KURT extension

o Activities in KURT
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< /kaeni KU RT_KAERI Underground Research Tunnel

' Korea Atomic Energy
Research Institute

B Off-site generic underground research laboratory
» Only for R&D
» Not potential site for waste disposal

B Goals of KURT

> To establish techniques for site investiga
analysis and integrated assessment of th|
geological environment

» To develop and demonstrate the disposal conéépt
and technologies for rad-waste repository

» Information provider to public and stakeholders
for safety of geological repository

]

e Location and Topography

' Korea Atomic Energy
Research Institute
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- Geology

' Korea Atomic Energy
Research Institute

Geology around KAERI site
= Precambrian metamorphic rocks
biotite gneiss and banded gneiss W : i
limesilicate, biotite schist A S |
= Mesozoic plutonic rocks o & o~
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

—

(/"knim LayO ut

' Korea Atomic Energy

0

L I T o T (T L 13 B QLI LI T T
0 50 100 150 200 250 300 350 400
Tumel e tunnel 10 %, 180 m

dimension .

-Research modules:L30m /R 45 m
Overburden -Maximum 90 m from the ground surface

Research Institute
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Korea Atomic Energy
Research Institute 1IN

)

e KURT extension

Korea Atomic Energy
Research Institute

B KURT extension will be planned during 2013 and 2014

» To characterize the MWCF
m Geo-structure, Hydrogeology, Geo-chemistry, Transport property

» To demonstrate the in-situ long-term of EBS

Mwee
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< xneni Extension plan

' Korea Atomic Energy
Research Institute

B Tunnel layout: will be designed based on requirements for in-situ tests
B Tunnel excavation method: Drilling and Blasting (w/ diamond cutting)

) )
= Extension plan

' Korea Atomic Energy

Research Institute | NN

B Schedule & Activities

IQIET ZUIUS ZUIUII. ZU|05 ZUIIJE ZIJIW ZUIID 2012 2014 2016

[ i S| & Desi
m?gug Hanning.or 13t Phase Experiments s 27 Phase Experiments
technology - Em,h--------_-n----l
development Lﬂ 27 Phase Construction

Year 2012 2013 ‘ 2014

* SI & Design * Construction

-Site investigation -Tunnel excavation (~100m)-Completion of tunnel
-Tunnel layout -Tunnel face mapping excavatl.on .
-Excavation method -Monitoring of tunnel -Installation of utilities

.. Raci : : excavation effects on -Preparation of DEBS-KURT
Activity 52151(: an;i detail d651gn groundwater system facility
-Lcense for const.ructlon -Database of geology, -Establishment of 3-D
-Long-term planning of KURT hydrology, groundwater geological and rock
research program chemistry, and rock mechanical model
mechanics

Site investigation activities: geological mapping, borehole investigation, geophysical logging, hydraulic
testing, installation of monitoring well
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' Korea Atomic Energy
Research Institute

Tests in KURT

10

1%t Phase 2" Phase

Experiment 07~11 |12 | 13| 14| 15

16

* Borehole heater test

Hydrogeological and
geochemical

* DEBS-KURT

investigation & LTM

* EDZ characterization

* Migration experiment

* Deep borehole investigation

* Groundwater monitoring

* Very long-term corrosion experiment

* Hydro-structural modeling

* Cubic-law testing

& 7 {
f{t 7 .|
] \\ Coppoht Kt 200

* Spontaneous potential testing

! Solute migration
o\ Borehole heater experiment J
» test

* MWCF characterization

Fracture zone properties

Redox front

Tracer test

Pseudo-radionuclide migration experim
ent

—

c

/KAERI
' Korea Atomic Energy
Research Institute

@15t Phase (Borehole Heater Test)

11

Small-scaled single heater(5 kW) test to study on

the following area :

(@ Validation of thermal properties of damaged
rock zone

(2 Validation of ventilation effect on TM behavior
of rock mass

@ In situ test of thermo-mechanical behavior of
rock under overheating condition

( Temperature distribution )

(__KURT Borehole heater test )

( Temperature change in rock )

B1 hole temperature

Power off
1

Power off
1

i

a
/d

Temperature(deg ©)

’",%4;»‘#,;»-»» —_~ et
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< Jxnen @ 1%t Phase (EDZ characterization)
Korea Atomic Energy
Research Institute

® Rock mechanical and hydrogeological property (Concept of the hydraulic test in EDZ)
around EDZ was studied as following purposes;

(D Development of techniques focused on the rock
mechanical characterization

@ In situ tests for evaluating the hydraulic and dynamic
properties of EDZ

3 Investigation of the acoustic wave propagation
property in discontinuous rock mass

(Measurement of Acoustic Emission)

i)

< /xaeni @15t Phase (Migration test)
Korea Atomic Energy
Research Institute

13

» 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)
« To develop and validate solute/colloid transport models
- development of solute migration model

ks 5 X
4 m’:: :ﬁ %g‘ﬂ’ 4%‘ y e‘_"faiz’sa‘?

Nometzed Concenalon, o

i 8 &
3, %o
* ]
zu}'x‘ .
i

<Mobile LIBD for groundwater colloid characterization>

<Comparison between exp. and model data>
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- @15t Phase (Deep BH drilling-DB-1)

' Korea Atomic Energy

e To investigate the deep geology
around study area

e To establish the QA based-test
method in deep borehole for
» GW Sampling
» Hydraulic test and Borehole logging
e To perform the long-term

monitoring of groundwater in
hydrogeology and geochemistry

Research Institute

<)

' Korea Atomic Energy
Research Institute

® KAERI and SNL launched a collaborative project in Feb. 2010, to investigate the
influence of groundwater pressure on a fracture aperture size that controls the
fracture transmmissivity in KURT.

® In-situ experiments had been carried out in 2011, which was focused on single
fracture in borehole with specific equipment.

Inflatable
Packer

5 |
e LB -
Regulation
system
Pressurized
water source

e @15t Phase (Fracture aperture by P change)

15
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< /xagni L On-gomg (VLT Corrosion test)

' Korea Atomic Energy
Research Institute

Research topics

16

@ Empirical estimation of long-term corrosion rate (

Flow-diagram of Corrosion System )

of disposal canister materials

(@ Establishment of deep-geological corrosion
condition

® Investigation of the effect of DO, Eh, and pH on ~ Recteconion
the corrosion behavior (Arexi owER

L d Water 70°C Constant Temperature

-

4. $2Z (Environmenta
5. K87 (Flow controller

L{ 1. Xl3t4 (Underground Water Supply)

2. 0l Ki4Z (Emergency Reservoir)
Constant Flow-rate ~10cc/min 3. 6i% | (Preliminary Heater)

| Chamber)

& Flow-meter)

Ti Vessel + Ti Filter
Compact Bentonite Block

Copper Canister

Copper Coupon
Underground Water /

B E|E

[=]

—) - .
it @ On-going (LT Monitoring)

' Korea Atomic Energy
Research Institute

To build a confidence on the hydrogeological and hydrochemical
investigation technology
Installation of multi-packer system (Solexpert) in DB-1 borehole
Long-term monitoring of hydrogeological and groundwater chemical properties in pack-off
intervals
To produce the qualified hydrogeological data for its numerical
modeling and safety assessment

;

.

1 ] :
4 2 — E
TR, - s=ss=sss=s===)
DB-1 data Design of multi-packer system
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) _ .
< xneni L On-gomg (Hydrogeological modeling)

' Korea Atomic Energy
Research Institute

Sequential test
- To revise the geological model and
groundwater flow simulation

18

» To verify the FZs in previous geological model J
» Sequential hydraulic testing in a deep | [Pessueresoneny]
borehole (up to 1,000m) A [ Paskerdefiation
{_ Depthchange |

» To obtain the in-situ estimates of hydrogeological and
geochemical properties

‘weathered zone footiom surtace)

Fracture zone

Ver. 1 GM Ver. 2 GM Ver. 3

mw!“m“;‘m“ Packer inflation
» Single hole dilution test and LT monitoring 1 -‘;li'"“‘"“"“""”’ ‘

) _ .
< /xagni @ On-gomg (Hydrogeological modeling)

' Korea Atomic Energy
Research Institute

Single hole dilution test vs Long term monitoring in BH

19
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i)

< xnen L On-gomg (SP test in crystalline rock)
Korea Atomic Energy
Research Institute 24

® KAERI and SNL launched new collaborative project in March 2011, to determine hydraulic
properties and behavior of a 3D subsurface volume of saturated fractured rock using
hydraulic head and streaming potential data

® Production Pumping test with simultaneous monitoring will be carried out of hydraulic head
and streaming potentials at the installed well in the KURT

s

Borehole

KURT granite KURT granite

Layout of the well field for the in-situ experiment

e

< /xagni e On-going (MWCF characterization)

' Korea Atomic Energy
Research Institute

o Fracture zone properties , KP4

= Geological, geometrical,
hydrogeological, geochemical, and 7 3
rock mechanical properties KP3" R

» Long-term monitoring of tunnel
excavation effects on groundwater
system

e Redox front

= Transition process mechanism on
oxidation and reduction condition of
groundwater during tunnel excavation

O DB-1 in KURT
e Tracer test

. KP1 e 4
m Solute transport properties of MWCF ® sz‘\

Monitoring Well

o]
DB-2

Proceedings of the Scientific Visit on C-353 February 28, 2013
Crystalline Rock Repository Development



) _ .
< /xagni L On-gomg (MWCF characterization)

' Korea Atomic Energy
Research Institute

Fracture zone properties
2 BH drilling for KURT extension(done) | S
LT Monitoring in DB-1 during drilling

2 BH for hydraulic test at MWCF in KURT (planned)

'"ffm
gt

= 1 BH for LT monitoring outside KURT (planned) i \ EE

S ol

. DB-1 (monitoring) KP-3:72.86m * _
1 [T TR T 4T K-4 firilg Jro 46m) :E b

{1 finigh the KP-3driliin m,

- =
- B kP-4 aijiing (g 2 KP-4 : 31-55m

-

i

SN . .

i
-

. 15 | f
W24} KiP-3 rillngiBom)

B
-

Pressure head(kPa)

DB-1:92-116m

=) _
G @ 2"d Phase (DEPS-KURT)

' Korea Atomic Energy

Research Institute

e Establishment of a scale-up technology for the manufacture of medium
scale(1/3) canisters

e Development of analysis tools for Thermal-Hydro-Mechanical behavior of
EBS and in-situ demonstration facility for the EBS performance in KURT

— o _ [
ard ISSS B8

..... TR

< Scheme of DEPS-KURT >

4sEA
24EA

Humidity sensor :24EA

/10scale of KRS

< Excavation layout for DEPS-KURT >
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Grimsel Test Site - Nagra’s
competence center for studies in
fractured rock Formations

Crystalline Rock Repository Development
24-27 September 2012, Prague

Ingo Blechschmidt, na g ra
®

SWITZERLAND

Switzerland - two URLs with a broad spectrum of experiments

Q) |=lisf ]

since 1984 since 1996

5 Grimsel Test Site Mont Terri Project
(in crystalline bedrock) (in Opalinus Clay)
hagra,
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' Nagra‘s drivers for establishing the URLs

« For both the crystalline and the sedimentary rock programmes, it was

recognized that many issues related to migration, construction and EBS

behaviour must be studied in situ

- (TS (1984) — the development of Project Gewahr (1985) for crystalline
rock in Northern Switzerland made it clear that URL studies would be

important for future development

MT (1996) — the positive results from sedimentary studies in the 1990s
pointed to Opalinus Clay as a suitable potential formation; the MT
location was an opportunity for a URL in a preferred rock, although not

in a potential siting region

- Both URLs have easy acess (limited infrastructure needed) and represent
opportunities to develop understanding in situ without having to wait for a

disposal site URL

nagra,

URLSs in the context of the Nagra repository programme

1984 - GRIMSEL TEST SITE

I AN 11
1078 1980 1990 2000 02 06 08 2019720 -

L L L I N T R
o NEE [
= = o
& ST (S o =8 &
5 o EI1S % 0] E. s E P o
ol|l2E 1Bz Lo £ 5 &2 =
£||T B 10 N2, L 7] I ) g & 5
el 183 & o8 = el [f 3
Ellog| 2L —a& 5 g= 2
@ - — - c & ol ] )
o O © g - 5= WL g
b 8 = @ W o o
c 2l |e 3 o D -
n £ = - = o = @ ol
= G = w© ‘2 2 o ® A
08 Do 1§ E®
& Ratb E = @ o &
a|| 2| 18 R 3
S| 9| |23 o o
Phases of Siting Surface Investigation Underground
Programme: I 1 ——-
Phase | Phase I Phase IIt
{regional} {site}

Ll
i | Siting Feasibility - Safety of Disposal Concept | Engineering Feasibility
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GTS - Overview

= Generic URL in granite
* owned by Nagra
* in operation since 1984

* 450 m overburden

FEBEXe | \

e A L * 1.1 km iength

&&Rﬁ"ﬂf Bd;&“-'«.._‘:\ t | di ter 3.5
ErR s BRUGH pe « tunnel diameter 3.5 m

5
"ﬁ\tcnim B el
b,

«  excavated with TBM / blasted
Includes an IAEA level B/C

Geological overview -
Location Grimsel Test Site (GTS)

* Foliated crystalline rock with saturated
anoxic groundwater conditions — Central
Aare Granite in the north of the URL and

Grimsel Granodiorite in the south

b [ -

T e N

i s )
Ly 2

) e,
poaereenden S i

Medifled from Tektonische Karte der Schweiz, 1:500'000. swisstopo — Bundesamt filr Landestopographie, Wabern, Switzariand.

nagra,
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From matrix to water-conducting features (WCF)

Ductile

Matrix: Shear zone: Water conducting features:
Concentration In Brittly reactlvated shear zones
el ductile deformation ~ (breccia, fault gouge)

(massive — weakly
foliated)

"-Hti:if;;’w

Mylonit =

(fine grained,
recrystallised)

1ecm

The road to GTS Pha -

T
e 1985 =

FODIOIOG

- B
Y

pv =

£ Radjonacti
L s

il

Proceedings of the Scientific Visit on C-359 February 28, 2013
Crystalline Rock Repository Development



-

Evolution of experimental focus and activities

Repository implementation

Radionuclide transport +demonstration

processes s operational phase
Site and host rock «post-closure phase
characterisation Post-closure safety

analysis issues Radionuclide transport and
Exploration tools and perturbation affects under o
techniques Enginesered barrier repository relevant conditions A

systems {long-term) r

Training f"{
¥

nagra,

- Status Sept. 2012
Grimsel Test Site — on-going experrments

Project | Status June 201

LCS _Long -term Cmﬁant Studies
LTD* Long Term Diffusion

CFM* Colioid Formation and Migration

LSP Low-pH Shotcrete Plug experiment

TEM Test and Evaluation of Monitoring i :
Techniques (part of MoDeRn EC » GAST - Instrumentation
project)

C-FRS CRIEPI's Fractured Rock Studies
FEBEXe Full-scale HLW EBS Expernment

JGP JAEA Grouting Project at Grimsel Test ! =k
Site BiMoG  Biochemical monltoring of

raruti dwat
GAST (Gas Permeable Seal Test SRl Jroincwte

Pro;ects in implementation- phase

LASMO Large scale Monitoring

FORGE Mock-up MaCoTe Matenal Corrosion Test
3D-SHM Large-scale structural and hydraulic
SDM
*use of RN in in-situ experiments under realistic boundary conditions na g ra
L ]
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Full-scale High Level Waste Engineered Barriers Experiment (FEBEX)

« Horizontal emplacement (HLW) of L e
full scaled EBS system under Dw W] section2002) |
natural conditions P ——
= Temperature at the surface “ - F'Lﬁ i e
of the canisters(heaters) > b ke R
100 °C - :n:m £y | ¥
(February 1997 onwards) ol " THR R
« Bentonite blocks and about e —
>700 sensors Y/ a) Bentoﬁie futio

b) Emplacement of the heaters

* Laboratory Mock-up test for cross
validation
* Running successfully since 1997

* First part excavated in 2002
* Continuation until 2015

q Gas Permeable Seal Test (GAST)

BT T Teaw Tl TRATT By
[ ] il 1L
4B € TN ; L [t
et -

Background: Migration of
repository-generated gas

- Gas permegﬁié représﬁifb@ seal -
(Sand/Bentonite mixture)

Experimental concept: T
« Test the emplacement techniques and behaviour seals/plugs at 1:1 scale

« Sand/bentonite seal -> Saturation up to 5 Mpa -> gas injection
nagra,

h 3 [ J
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GAST - emplacement (okt. 2011 — April 2012)

Ducts for sensor lines SB emplacement SB > 50% emplaced, concrete wall
and compaction for reinforcment during

Field activities:
» 2 grout injection experiments
» Overcoring and lab studies

= Cement emplacement experiment
on-going

+ o EEI=m
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g-ter

VETCOR an

R e e T po P W T T S [ - .
ettt adatit i re » Detailed post-mortem
oo LL In-situ diffusion profiles of modeling of monopole | is
'|| H-3, Na-22 and Cs-134 ongoing
i after 26 months
] —==  Start of Monopole Il longer-
POl B gusts term in-situ test (2012
L s s e e onwards)
1 L1|III2 3 4 ‘5 6 7 87-% 10—t 2 1§ ’4\ 15 18 17 18
) Y « Study of matrix diffusion of
" B o e g G e e S radionuclides from water

S conducting features

=20+ nagra,

Colloid formation and migration (CFM)

Study the generation of colioids from a bentonite-based EBS and
investigate the influence of such colloids on radionuclide migration in a fractured
host rock under advective flow conditions which are closer to repository-relevant
conditions than in preceding experiments (generation rates & mechanisms/long-
term migration behaviour)

Surfaro pageers opnirgl

it e [ i f .
outfirre frone Ahean mmne e b 4t T b

Colloid Farmalion and Migration - Expefimenital Layout
e boni o
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Colloid formation and migration — The Site

e - * Licence for RN use in
fh‘fﬁl'lﬂw submarrr\ : | the frame of the project
= approved by authorities
in Jan. 2012

* First “hot” test started in
Feb 2012

« Current planning
horizon of the project
until 2015/18

Nuclide
Na-22
5r-85
1-131
Ba-133
Cs-137
Np-237
Am-243
Pu-242
Th-232

« The focus of Nagra’s activities at

GTS (Crystalline rocks) has evolved

over the last 28 years in accordance
to the priorities of the RD&D plan:

current emphasis is on EBS components at the engineering scale - these are to a
large degree host rock independent

- their performance at GTS is advantageous due to the favourable boundary
conditions (practically non-existent excavation disturbed zone, rocks

with high-compressive strength etc.)
= GTS offers a platform for:
- cooperation with international partners
- training and technical PR

- interaction with interested stakeholders

hagra,
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Come and visit www.grimsel.com

GRIMSEL TEST SITE

Jhoard e rkpnient R

Welcome to the Grims#l Test Sita (GTS) Website

oh weliin st s TN Y

The Grimse! Tast Ske {BTS) ~is d1zituhed roor 2R y0Es G0 at A COe iy

(R AT |Pu':-ae r e Fue vmnuﬁ ADshLopgaog ¥ aeo vanga o ediich
' SO MBS s Tan roend

 BTR pomass ah e WMGEMEN

e e velig e i B bk

T T AR TN B

Pk Em wet] Tered Ste wath thiy onzag of
s Wit have s cd e thea lh

Cod e coodl dhe 2 yeses of sl

Grimsel's Role In Undergreund Research & Davelopment

The 375 7 2 SCISAE TeC? i and g A [RENLS Re0EIr ThY Fhaigh Rt Rinaudng TRy uiE a ande
gt A EHAIREVE WARE Wt A eEseR ) A e T

upalae Sl el of e 25
$628 C3ewlar Ciaale wlt B padng chadly

ol eamive gkl
Altctadian Vite s
At vile: shasazg s
fubmk wor g v EmT)
00 e MEETWG H BRENZ 25 VAR CELERZAVION WSAGES

Thank you very much for

your kind attention

Ingo Blechschmldt (mgo.blechschm:dt@lagra ch) nag ra .
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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”

Proceedings of the Scientific Visit on C-366

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
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