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Abstract

This report describes the process of the assessment of potential sites for the construction of
a deep geological repository in the Czech Republic and the reduction in their number from nine
to four. This assessment duly fulfils the requirements of assignment no. 464 of 18 July 2018
set by the Government of the Czech Republic. The report describes the assessment of the
potential sites for the construction of the deep geological repository according to both exclusion
and comparison criteria as identified by methodology applied by (Vondrovic et al. 2019). The
assessment is based on the study of surface geological data, which will have to be further
verified and completed based on the various legislative requirements set for the siting of
nuclear installations. The first step of the assessment process (a comparison with excluding
criteria) resulted in the recommendation of all the sites in terms of their mutual comparison.
The result of this comparison, as based on the identified key criteria, consisted of the
recommendation of the B®zovi potok, Horka, Hr§dek and Janoch sites for the next stage of
research and development. The other sites, L ertovka, L ihadlo, Krav? hora, Na Skaln?m and
Magdal®na, will continue to serve as backup sites.

Keywords

Deep geological repository, site selection process, site evaluation,BSezovl pot ok, Ler
Li hadl o, Hor k a, Hrh@da k, Nd a8kbahn?2 kr aMadgdal ®n a
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1 I ntroducti on

1.1 Objectives of the report

The main objective of this report is to assess the nine candidate sites for the construction of

the Czech deep geological repository (DGR) for SNF and RAW (BSezovl pot o
Lertovka, Hr 8dek, -sduhy kaKr dabhobbr @aETHMagdal ®na and
west) and to reduce the number thereof. The assessment presented in the report was

performed via the use of key and exclusion criteria that addressed the technical feasibility,

long-term and operational safety and impact on the environment of the DGR. The assessment

process was based on the application of the criteria described inthe S B R A@P.22 document

(Voksgl et athe.site asBeksmgnt methaodology described in detail in Vondrovic et

al. 2019.

This report fulfils the assignment set out in Resolution of the Government of the Czech
Republic No. 464 of 18 July 2018 based on the S B R A @hnual Report of 2017, which set out
the requirement to reduce the number of candidate DGR sites from nine to four preferred sites.
The results of the technical assessment outlined in this report were subsequently submitted to
the Government of the Czech Republic for consideration. The next stage of the research will
comprise field geological and other research and exploration activities at the four
recommended sites aimed at obtaining data for the next stage of the assessment process that
will result in the selection of the final and backup DGR sites.

The assessment process commenced in June 2019 with the compilation of a basic geological
descriptive report (Mixa et al. 2019). Hydraulic models of the sites were then created based on
this initial report for assessment purposes and for the determination of the preliminary technical
designs of the DGR underground complex. The results of previous research on the preliminary
siting of the surface areas of the DGR, stability and other relevant issues were also used in the
assessment process. Based on a summary of all the data on the various sites and the
evaluation of the applicability of the data for assessment purposes, a methodology for the
comprehensive assessment of the DGR candidate sites (Vondrovic et al. 2019) was
developed, see appendix no. 4 to this report. The assessment of various aspects (excluding
and key criteria, see appendices 5 to 17 to this report) was then conducted based on this
methodology and a comprehensive assessment report was subsequently compiled.

The assessment methodology, partial assessment and selected background reports, and the
final assessment report were then discussed and presented to the so-called expert advisory
panel, an advisory body set up by the Managing Director of S B R A @med at guaranteeing
the objectivity, transparency, independence and expertise of the assessment process. The
expert advisory panel was composed of representatives of the state administration system
(Ministry of Industry and Trade, Ministry of the Environment), academic institutions (Masaryk
University, Czech Technical University), public research institutions, supervision and
administrative organisations involved in radiation protection and nuclear safety (t he SBJB, t he
State Institute for Radi at i on Pr ot e dhe managing orgamisRiAnOandaegperts
appointed by the affected municipalities. Elected representatives of the municipalities and
representatives of the regulator were invited to meetings of the panel as observers. The expert
advisory panel discussed and commented on the assessment criteria, the partial assessment
reports and the final assessment report (appendix 18 to this report).

11
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1.2 The deep geological repository concept in the Czech
Republic

surface area

disposal areas for SNF

Fig. 1 The deep geological repository concept

The construction of a DGR for radioactive waste is planned in the Czech Republic for the safe
and permanent disposal of that radioactive waste that cannot be disposed of in surface or near-
surface repositories, i.e. spent fuel from nuclear reactors and, to a lesser extent, high-level
waste from the nuclear energy, industry, research and health sectors. The planned capacity of
the DGR takes into account the current and anticipated future generation of the relevant types
of waste. According to the Spent Nuclear Fuel and Radioactive Waste Management Concept,
the operation of the DGR is expected to commence in 2065.

The most important factor in the design of the DGR concerns its long-term safety, which will
be ensured by a system of geological and engineered barriers that complement each other
and ensure the protection of the biosphere from the penetration of radionuclides from the
disposed of waste. The most important barrier will comprise a stable rock block at a depth of
around 500 metres below the surface. The other (artificially-created, so-called engineered)
barriers will consist of the steel disposal containers and sealing and backfill components based
on clay materials (bentonite). The proposed multi-barrier system is based on the Swedish KBS-
3 concept. This combination of artificial and natural barriers is required so as to fulfil the
legislative requirements of the Atomic Act No. 263/2016 Coll. and its implementing regulations.

12
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These requirements must be met not only during the operational phase of the repository
(operational safety) but, especially, following the closure of the facility (long-term safety).

2 Fol luopoenpr evi ous sesgeiaesh

Kralovehradecky

Pardubicky

Moravskoslezsky

JihoZesky
BFQZOV}} pOtOk Jihomoravsky
Certovka
Cihadlo
Horka
Hradek
Janoch (ETE-jih)
Kravi hora
Magdaléna
Na Skalnim (EDU-zépad)

WO ~NO U WN

Fig. 2 Potential sites for the DGR in 2014-2020

The first assessment of the whole of the Czech Republic in terms of suitable geological conditions

for the construction of the DGR was conducted by the Czech Geological Institute in the early 1990s;

the majority of the research was commissioned by the Ministry of the Environment, while part of the
ressarchwas al so commi ssi oned b ythelE@Gdomya Thd basichreportMi ni st r
comprisedthest udy ( NovotnlT et al . fd e safe dispdsa of highyi c al r
radioactive waste, phase | - the selection of promising areas in the Bohemian Massif. The research

focused on the geological and tectonic aspects of the assessed areas and the overall potential of

the rocks of the Bohemian Massif. The result was the proposal of 32 potential areas. A further study

comprised( No v «tSA 1§ The §e68logical research of the safe disposal of spent fuel rods from

nuclear power plants, which resulted in the selection and subsequent recommendation for further

research of 27 crystalline and sedimentary rock bodies based on existing knowledge of the

geological structure of the Czech Republica nd t h e mirenalddposiys,tasd data obtained

from remote sensing research and the study of the hydrogeology, seismicity, recent movements of

the earth& crust, geophysics and engineering geology of the areas. The final study conducted in

the initial phase of the research comprised (Woller et al. 1998): The critical research of archived

geological information, which resulted in the addition of two more granitoid areas. Subsequently, 13

13
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sites were selected from the areas identified above for critical research. Finally, based on several
phases of assessment, eight sites were defined in five of the above selected areas.

In 1997, the Czech Radioactive Waste Repository Aut hor i t was és@iishéd@g

assume responsibility for SNF and RAW issues. In 2002-2 003 Ener gopr Ttdkum Pr
updated the research based on the At omi ¢ Act No. 18/1997 Col . a
decrees and IAEA recommendations. The result comprised a report entitled: The selection of

a site for, and the construction of, a DGR for RAW in the Czech Republic - the analysis of the

whole of the Czech Republic - regional mapping phase( Gi mTnek et askessméndo03) . T
of the Czech Republic and the subsequent selection of sites for the construction of the DGR

involved several consecutive stages. The first stage comprised the exclusion of unsuitable

areas due both to the natural conditions of the area (tectonic disturbances and tectonic activity,

seismic loading, volcanism and post-volcanic activity, etc.) and the consideration of societal

and legal issues and commitments set out in international treaties. The second stage consisted

of the selection of areas with suitable geological conditions via the thorough assessment of the

geological structure of the Czech Republic, and the definition of the types of rock suitable for

the disposal of radioactive waste. The third stage comprised the rejection of those areas
subjecttoexcl usi on criteria (according to Act No. 11
Coll. and from the point of view of protected interests). The fourth stage involved the application

of a ranking system (population density, land cover, the dose rate of the gamma radiation of

the rock environment, radon risk, conditions for the construction and operation of the DGR,

etc.). Finally, eleven potential sites and a reference site were selected. Based on the results

ofthe Gi mTnek e project, SO RA® 3d ctiat tieeext stage of the research would

commence at six sites, all of which were situated in similar rock environments, i.e. granitoids

(crystalline rock environments).

Subsequently, the Ge o B ar icoRgorium (AQUATEST Litd, Stavebnz i geol og
GEOTECHNIKA Ltd and Atelier T-p | a n ; L er nT coeductec deologi@lré&s&ajch in

20031 2005 as part of the Performance of geological and other research for the evaluation of,

and reduction in, the number of sites for the DGR project (sites: Bl at no, Pal ej ov, B
Lodh®Sov, R o h o z ne mojed induded th§ colNegtion of information on the

geology of the areas and the petrography, geophysics, geochemistry, hydrogeology, hydrology

and engineering geology conditions. In addition, new research was conducted via aerial

photography and field work methods (remote sensing of the Earth, aerial geophysics, field

geological reconnaissance research); moreover, conflicts of interest were defined and

feasibility studies compiled. Based on the research and multi-criteria analysis, the spatial areas

of the sites were reduced for the conducting of further research and survey work. With respect

to all the defined sites, it was concluded that no natural, environmental or socio-economic

conditions had been determined that served to exclude the sites from further consideration. It

was recommended that prior to the commencement of further research, decisions should be

obtained from the Ministry of the Environment on the designation of exploration areas for

special intervention into the earth®& crust. It was also decided to rename the sites: BSe z o v T
potok (-R@8dep9¥), (Bleatwoka Lihadlo (Lodh®Sov), H
(Rohozn8) and MagdwkbsicB(na (Bogejovice

In 2008-2009, the geological research of designated military areas in the Czech Republic was
conducted. A study was compiled on this issue entitled: The critical research of geological
information on current military areas of the Czech Republic in terms of defining a potentially
suitable area for the siting ofthe DGR ( Hr kal ov 8§ et alassessddthdpotentidl he st u

14
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for the use of the following military areas: Boletice, Brdy, BSe zi n a, Hradi gtnD an
Subsequently, only the Boletice area (crystalline rocks) was recommended for further
consideration. Although the geological conditions were deemed favourable, the area was not

added to the list of potentially suitable sites at this stage due to the number and complexity of

conflicts of interest; while it was assumed that all these issues could be resolved technically

and administratively, it was decided that the costs of doing so would be too high. However, the

site is still considered a backup option should it not be possible to find a more suitable site

from the other areas being considered.

Based on theresults of astudy by Navr 8t i | ov § eKir aavl? .sitev@isladded ta h e

the six original sites in 2011. The site is located in a crystalline environment, i.e. highly-
metamorphic rocks (granulite, migmatite). This decision took into account the potential

connection of the site to the planned Skalka central interim spent fuel storage facility, which

has a valid permit for the sitingof a nwucl ear facility (Fiedler 201

Although, according to studies carried out in 2003-2004, the areas of nuclear power plants

(NPP) were not considered due to durther burdening such areas ,Ghe idea of siting the DGR

in the vicinity of such facilities, as in Sweden and Finland, was subsequently reconsidered

(Vojt NDcho8®RARMebh addressed this option in the Evaluation of geological and

other information on selected parts of the Czech Moldanubian in terms of the potential

suitability for the siting of the DGR (EDU-west and ETE-south) project. In 2015, based on a

preliminary expert geological assessment of the areas, two rock polygons were selected near

to the Czech Republicd s nuelear power plants, subsequently referred to as ETE-south (near

the T e me NPPhand EDU-west (near the Dukovany NPP). The main aim of the research

was to determine potentially suitable geological blocks for the siting of the DGR, and resulted

in the identification of potentially suitable areas near to both of the NPPs, i.e. EDU-west,

referred to as " Na S k aahchETESouth, referred to as flanocha The addition of these

sites to the list of potentially suitable DGR locations increased the total number of considered
sitestonine( Hangl et al. 2018), ( Na-2040% exterisiecevs@face-t al
based geophysical research was conducted at all nine candidate sites, which yielded a large

amount of data on the geological structures of the areas which, in turn, served as the basis for

the assessment of the candidate DGR sites described in thisreport( Beneg et al . 2019
and B2@1h%, Hrut ka et al . 2019, JirkT ealt208)] . 20109
L e veBal. 2019, L e vefal. 2019, Nikl et al. 2019).

Tab. 1 The selection of areas of interest for the siting of the DGR for radioactive waste (the most
important studies).

Year Study Site

1991 |No v ot ndtal.: Geological research for the safe 32 potential areas
disposal of highly radioactive waste, phase | - the selection
of promising areas in the Bohemian Massif.

1993 |No v ot n hd K SP .gEyaludtion of promising areas 27 selected
selected by the Czech Geological Institute for the geological bodies
permanent disposal of spent nuclear fuel with regard to the | and areas
construction of a central interim storage facility in the
Czech Republic. Czech Geological Institute, Prague 1993.
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Beneg et al .ndB0Eh,a RON®s &
2019, JirkT et al 20109, Ka
2019, Lev8 et tall2019, Rikl étal,201R)e v

Year Study Site
Woller, F. et al.; The critical research of archived .
1998 geological information. MS S B R ATX 1/1998. 13. potentially
suitable areas
2003 | Gi mT n eet al.: TRe. selection of a site for, and the 11 selected sites
construction of, a DGR for RAW in the Czech Republic - and a reference site
the analysis of the whole of the Czech Republic - regional
mapping phase.
2003 | Selection of a crystalline environment for the siting of the 6 sites
deep geological repository
2003- [Lernl et @E OB 4 rpbofed § geological 6 sites
2005 |researchattheBIl at no, Pal ej ov, Bo g
Rohozmd8ua i gjtesv
2009 |Hr k a ) M et 8l.: The research of military areas - Recommendation of
Boletice, Brdy, ndBlSelaws , Hr|the Boletice area.
Later excluded due
to conflicts of
interest
2011 | Navr §t\M. dta.vEgaluation of existing geologicaland | The Kr av?
other information from t he |wasadded tothe six
Ol §2 deposits in terms of doriginal sites
suitable for the construction of the deep geological
repository.
2015- | Ha n,#.let al.: Evaluation of geological and other EDU-west (Na
2018 | information on selected parts of the Czech Moldanubianin | Sk al n2 m)
terms of potential suitability for the siting of the DGR i
EDU-west; DGR site EDU-west - summary final report, MS
SPRAO TZ 219/ 2018.
Navr 8t i |I:&wal8atioa of gemlbgical and other
information on selected parts of the Czech Moldanubian in ETE-south (Janoch)
terms of potential suitability for the siting of the DGR -
ETE-south. Summary final report on ETE-south.
Evaluationofinterv ent i on i nt o &ande EA@
proposals for follow-up geological research, MS SBDRA
TZ 222/2018.
2017- | Description of the geological structure of potential DGR 9 sites
2019 | sites in the Czech Republic using geophysical methods
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3 Background reports for the pro
sites

3.1 Background reports

The evaluation and comparison of the candidate DGR sites was performed on the basis of

data obtained by S B R Aft@m projects conducted in the period 2000 to 2019 with an emphasis

on the synthesis of the data in the form of descriptive models of the sites and preliminary

project designs (reviews of Vo k § | et -i,aMlarek eRal 2088a-g , Kraj2lek et al
Bureg et -dal .GpaMk&a-e;f MBavr g0ilBavg et al. 2018, Ha
et al. 2018a-i). The geological data, which constitutes a substantial part of the information on

the sites used in the assessment process, was obtained on the basis of the extensive study of

the near-surface parts of the candidate sites and the research of archived data. The

assessment process was based on the assumption that all the significant rock interfaces

(higher order faults, contacts between lithological units, etc.) have been identified from the

geological research and the results of previous projects commissioned by SBDRAO

(summarisationof Fr anPDk et al . 2018, Malxa 2061%, .DROdAD, arB
20109, Hrut ka et al . 2019, JirkT et al . 2019, Kar
20109, LevT et al . )ZaAdlfdigw-upNrededrch #hdt seevdd.to refirte this

information. A further set of data used for assessment purposes comprised descriptive models

of the sites (geological, hydrogeological, transport -f or an overview see Fran
Havl ovg8 et-i ,al Vo KRgHQ18ait andaupdates thereof based on geophysical
measurement results (Mixa et al. 2019, Bai er et al . 2020a, b,kovkee r n T et
et al. 2020a, b, Pol 8k e} Thadatatha allewed for théddescriptioe t a |

of long-term predictions of the development of the sites (erosion, seismic, vertical stability) was

taken from reports by Hroch-Pa| es 2015 tah2018M81| ek e

With respect to technical issues, the outputs from preliminary DGR design projects for the

various sites were used for assessment purposes (according to the results of reportsby Bu r e ¢

et al. 2018a-d , Gpinka -et dbvr 800l Bavsg et alinzaiwn8dn4Hlang
et al. 2020. In the case of environmental impact issues, data based on the preliminary siting of

the DGR surface area and environmental impact studies (Bur eg et -d) . GROABa et
al.2018a-c Ha n g | et al . 2018, Navr 8tilog8 &KtapllekR0a&s
2018,) were used in the assessment of the sites, taking into account current knowledge

obtained via the geophysicalresearch(Bene§ al . 2019, Duras and Bl 8he
2019, JirkT et al. 2019, Karous et al. 2019, Ka

2019, Mixa et. al. 2019, Nikl et al. 2019). The assessment process itself was performed on the
basis of the application of key (comparative) and exclusion criteria according to the
assessment methodology devised by Vondrovic et al. 2019, taking into account the
methodological guidelines set out inthe SBPRA O MB#Bacuimgnt ( Vo k 8 | et Thae
following studies, which form background reports to the submitted assessment, were compiled
for evaluation purposes:

201

Per t oletdab 2089: The localisation of promising areas for geological characterisation
research and promising areas for project design work for the purposes of the evaluation of the
potential sites for the DGR (explanatory report); the determination of rock polygons for
promising areas for geological characterisation research and promising areas for project
design work (Appendix 5 to this report).
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But oet il 2020: The evaluation of the potential DGR sites in terms of key technical
feasibility criteria; the evaluation of the technical aspects of the preliminary designs of the DGR
at the specific sites (Appendix 6 to this report).

Havl ov 8 e ti: Treleval@afioh 0fahe potential DGR sites in terms of key long-term
safety criteria, the evaluation of long-term safety issues, especially with respect to geological,
hydrogeological, stability and other criteria (Appendices 7-15 to this report).

Lahodovs8 and P dheevavatid of2ie d@ential DGR sites in terms of key
operational safety criteria, the evaluation of key components in terms of the future operation
of the repository (Appendix 16 to this report).

Kr aj éthl.e®20: The evaluation of the potential DGR sites according to key environmental
criteria; the evaluation of the environmental aspects of, particularly, the siting of the surface
area at the specific sites (Appendix 17 to this report).

The findings from the above studies were synthesised in this summary assessment report. The
above-mentioned reports form electronic appendices to the assessment report (Appendices 5-
17 to this report).

3.2 Validation of the inputs to the candidate DGR site
assessment process

The input data for the assessment process was validated at several levels. The basic
guarantee of the accuracy of the information received for the assessment process comprised
the qualifications of the various research organisations as proven by the relevant tenders
accompanied by lists of the respective significant projects and the specialists who led them,
and the fulfilment of set technical and qualification requirements, including proof of professional
competence.

The next stage of the quality assurance (QA) procedure comprised the compilation of detailed
plans for the various projects. The inspection of the fulfilment of these plans throughout the
course of the projects was ensured via the ongoing auditing of the projects involving the
contracting parties and S B R A &perts. With respect to major projects, S B R Aifspected the
fulfilment of the project objectives and the data obtained on a continuous basis via inspection
days that were held once per month.

In the case of multi-organisational (consortium) contracts, all the project interim and final
technical reports were subjected to a comments procedure involving representatives of the
main suppliers. Subsequently, the submitted results were checked and commented on by
SDRAO e x p eweresntitledvtb submit the results to an external audit in case of doubt.
In the case of the provision of background data, all the reports submitted by experts in the
supply chain were assessed via an internal SPRA O r process. w

SPRAO obtained the dat a, model s, arguments and
of the candidate DGR sites on a continuous basis, including via international cooperation. The
tools for the assessment of radionuclide transport in the rock environment were validated using
international benchmarking with the Task Force on Groundwater Flow and Transport of
Solutes group and in cooperation with the German organisation GRS (Noseck et al. 2020).
Moreover, the procedures used for the creation of hydraulic models and the transport of
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radionuclides were addressed via a pilot safety report compiled on the Kr av 2 siteor a
(Tr pkogov § ircoopedtian with thé Bnnish company POSIVA (Vuorio 2018).

The background reports that were used for the purposes of the assessment of the candidate
DGR sites described herein, were verified as follows:

Proposals for the project design options for the DGR were assessed by the Finnish company
POSIVA (Ikonen-O Carrol 2019). Furthermore, a comparative calculation mechanism was
prepared (Hasal et al. 2017) for the purposes of the verification of the thermo-technical
calculations of the sites (Kobylka et al. 2018).

Thegeol ogi cal mo d el s werE cridcallid &ppraased bg Dr. R a2dOoIn®)r Gr ygar
CSc . (TectnRal University of Ostrava, Grygar R. 2018). These 3D structural geological

models were then updated based on the results of the DGR Geofyzika project (Beneg et al
20109, Duras and Bl 8ha 2019, Hrut ka et ,alKa §2pGalr9,
et al. 2019, Levs§ et al. 2019)). Theeswpervisernofthd . 201 ¢
geophysical project from the technical and expert points of view was provided by the Czech

Geological Survey. The use and applicability of the results of this project with concern to the

evaluation of faults at the various sites were assessed by Dr . Il van Prachar, CSc
2020a). The updated tectonic networks, as well as all the geological maps and geological

sections used in the evaluation of the candidate DGR sites and the creation of the updated 3D
structural-geological models (Mixa et al. 2019), were then critically appraised by the Czech

Geol ogi cal Survey according to certified geol ogi

The accuracy of the application of the hydraulic models of the candidate DGRs i t es ( Uh!l 2 k
al . 2018, Baier et al . 2018, Jankoensued omta al . 2
continuous basis via the parallel processing of the site models by three different modelling

teams (Technical Uni v e rlsdj RRPGE®fLtd) Lusing ¢hree differenDJ V. F e ¢
software applications. Furthermore, the benchmarking comparison was performed of the
results of t he hydr a usiteiwith anmodekdevelapéd by theeGedmanh a d | o
company GRS (Noseck et al. 2020). A report on the methodology used for the application of

the hydrogeological models and the flow models of the candidate DGR sites in 2018 was

prepared by Prof. NaNa Rapant § R&pai€iScv $Modd 0gddies based on

changes to the geometry of the fault network were applied for the purposes of the assessment

of the sites presented herein, whereas the other model assumptions remained unchanged.

The background studies of environmental impacts as well as the assessment of the sites
according to environmental criteria were in all cases based on current data on the values and
limits of the areas as provided in regional and municipal territorial analytical documentation.
The second source of background data comprised the continuously updated public databases
of the Ministries of the Environment, Agriculture, Transport, etc. In the case of the territorial
analytical documentation, the guarantors of the completeness and timeliness of the information
were considered to be the various providers of data on the respective areas; with respect to
public databases, the guarantors were considered to be the operators thereof.

With concern to the assessment methodology and the actual evaluation of the sites (Vondrovic
et al. 2019), the mathematical approach was criticalyas sessed by Dr. Franti gel
(University of Mining, StanhRk 2020).

The assessment of the sites both individually and in terms of the overall assessment process
was critically appraised by the Expert Advisory Panel (Appendix 18 to this report). In addition,
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a critical assessment of the environmental criteria was providedbyMgr . Tom8§8¢g Gi kul a
2020).

Statements on the site assessment process were provided by the Finnish company POSIVA
and two leading Czech experts with IAEA experience, i.e. | n g . Ji S2 Faltej sk (
evaluation) and Dr. lvan P r a ¢, B$cSoverall evaluation and evaluation of the methodology).

A summary of the various safetyre por t s ( Vo k 8 H) wastassessed by 2h@ $t&8te a
Office for Nuclear Safety from the point of view of the future fulfilment of the requirements of
the Atomic Act No. 263/2016 Coll. and decree on the siting of nuclear facilities no. 378/2016
Coll. Assessment of the sites
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4 Ar sa abBsessment

The assessment of the candidate DGR sites was performed with respect to a number of spatial

extents and distances from the considered homogeneous rock blocks (polygons). These

various levels of detail are described in the assessment methodology (Vondrovic et al. 2019).

Based on the results of research in various areas (e.g. Havl ov 8 et ,al Ve &812 0 a
2018a-i Bureg dat &lp.i nXx&l SeaMarekletal 2010ag8,a Navr §t i | ov §
2018, M8l ek et al. 2018, Za h r)aht follokingedygoadwere 2 02 0,
defined for assessment purposes (Fig. 3):

== REGIONAL
ASSESSMENT

SUITABLE AREAFOR
THE PROJECT

DESIGN OF THE REPOSITORY

AREA SUITABLE FOR GEOLOGI
CHARACTERISATION WORK

SURFACE AREA

MODELLED AREA

Fig. 3 Scope of the description of the sites for the purposes of the assessment process - main
components

a) DGR underground area: the minimum extent of the disposal space at the specific site
defined on the basis of the preliminary design project for each site applying the vertical
disposal method. Only those polygons that allow for the defining of areas for the
disposal of both SNF and RAW were included in the assessment process.

b) Surface area: surface areas with a minimum of conflicts of interest at the sites that are
considered preliminarily suitable for the siting of the DGR surface complex.

c¢) Promising areafor the project design work: arock block that makes up the so-called
isolation part of the repository for the disposal of the waste (i.e. a rock area that is
considered preliminarily suitable for the disposal wells) at the anticipated depth of the
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repository. The promising area for the project design work is located within the polygon
of the promising area for the geological research work.

d) Homogeneous rock block: a promising area for the project design work without the
presence of category Il faults, with a reserve and without the occurrence of so-called
unusable fragments (see below) in the promising area for the project design work.

e) Unusable fragments in the project design area: defined as an area that is potentially
suitable for waste disposal, but which has such dimensions that, for future project
reasons (especially in terms of size), the area cannot be practically used for disposal
purposes.

f) Promising area for the geological characterisation work (promising area for the
geological research work): an area in which geological research can be performed
in the future in order to define the promising area for the project design work, i.e. an
area in which it is highly probable that geological research will be conducted in order
to determine a rock environment that fulfils the requirements for the isolation part of the
DGR.

g) Modelled area: the area that will need to be characterised in order to create descriptive
models of the sites and to be able to gain an understanding of the broader context (for
the various modelled simulations - geological, hydrogeological and transport models;
the size of the evaluated modelled polygons may differ according to the subject of
modelling). It comprises the area in the wider vicinity of the promising area for the
project design work, which must be assessed so as to determine the extent of the
fulfilment of the assessment criteria and indicators. It concerns the assessment process
via modelled simulations in cases where the inclusion of regional boundary conditions
is required so as to obtain the data needed for modelling purposes. Furthermore, it
concerns indicators that are dependent on, or consider, only data from the wider region
(e.g. the evaluation of territorial stability).

h) Regional area: the larger-scale area that must be described in order to meet the
requirements of Decree No. 378/2016 Coll. (e.g. seismicity).

The text below provides a description of the locations of the surface areas, the promising areas
for the geological research, the promising areas for the project design work, the planned
repository (disposal spaces) and the areas defined for the 3D structural-geological modelling
for all the candidate DGR sites.

41 BSezovl potok

The BSezositdi spdtoockat ed i n we st e rmegionBkiatowy mistract,(fori n t h e
more detailed information, see e.g. Fr an Rk et al . 2 048s8epsed for the pol y g
promising area for the geological characterisation research and the promising area for the

project design work, as defined for the purposes of the site assessment process ( Per t ol dov §
et al . 2019) , are | ocated in the municipalities
KvggRovice, Mall BoRagl| eacRwvdrcee ,Vell lglanBqgr the The pr
geological characterisation research has an area of 37.874 km? and includes both previously
described areas ( Fr an-dharacerisedareas baed dn8ecently attdined e wl y

S b R A @eophysical data (summary by Mixa et al. 2019). Two polygons were defined for the

promising areas for project design work within the defined promising area for the geological
characterisation research. The total area of these two polygons is 13.374 km?. Following the
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approximation of the geological structure to the expected depth of the repository, including the
assumed slopes of the various geological interfaces, the promising area for the project design

work has an area of 12.315 km2. The polygon of the promising area for the project design work
defined in the northern partofthear e a ( B S e z 8)Vof themeolbgichl characterisation

research has an area of 6.462 km? (at the repository depth: 5.845 km?), while that of the second
defined polygon int he southern part of 4 for thergeokgicdl BSezov
characterisation research has a surface area of 6.912 km? (at the repository depth: 6.470 km?).

The assessed surface area has anareaof17.0 92 ha ( Gpi n kandiglocatediISW 201 8 c)
of the village of Ma R o v The mreliminary siting of the DGR for assessment purposes, i.e. the

area designated for the disposal of SNF, was chosen forthe B S e z o v 1-S pplpgonakd has

anareaof294km?( Zahradn2k. et al. 2020).

Legend
Area suitable for geological
characterisation work

Suitable area for the project
C: 3D geological model
Surface area

Repository layout
for assesment purposes

N
— A
‘‘‘‘‘‘‘‘‘‘ J
0 1 2
KM
areas of the BSezovl potok sit

Fig.4Map of the assessed

42 L. ert ovka
The Lersitecbskdocated in western BorbgiomLoanydistrictt he Dst
n tragi ®h z-eBRih digirigt. The polygons assessed for the promising area

and i
for the geological characterisation research and the promising area for the project design work
(Pertol dovsg et al 2019) are located in the muni

Bl at na . Bha promi@ingharea for the geological characterisation research has an
described aandas (Fr

u
on r ece(umhayybptt ai ne

area of 40.029 km? and includes bothpr evi ous | vy

newly-c har acteri sed areas based
Mixa et al. 2019). Two polygons were defined for the promising areas for the project design
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work within the defined promising area for the geological characterisation research. The total
area of these two polygons is 10.31 km?. Following the approximation of the geological
structure to the expected depth of the repository, including the assumed slopes of the various
geological interfaces, the promising area for the project design work has an area of 10.017
km?2. The polygon of the promising area for the project design work defined in the northern part
of the area (L e r t o ®)kia the geological characterisation research has an area of 5.472

km? (at the repository depth: 5.190 km?), while that of the second defined polygon in the
southern part

of -J) has a surfaceaared &f 4.834 km? (atathe repository
depth: 4.827 km?). The assessed surface area has an areaof 1 7 . 4 4

ha ( BOl8cle §
and is located south of the village Lubenec. The preliminary siting of the DGR for assessment

Fig.5Map of

purposes, i.e. the area designated for the disposal of SNF, was chosen forthe Ler t o 8k a
polygon and has an areaof 1.53km?(Zahr adn2k et al. 2020).
######### ‘\
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the assessed areas of the Lertovka site

43 Li hadl o

The L i h adild imlocated in the South Bohemiare gi o n,
detailed information, see e.g. Fr a n Nk

J i nd Slistach(fprvmorelr a d e ¢
e t Thee Ipalygo@sOads8syed for the promising

defined for

area for the geological characterisation research and the promising area for the project design
wor k., as

t he
located in the municipalites of De gt n §,

purposes

of the site as
Lodh®Sov, PluhTv GNS&r, SvI

The promising area for the geological characterisation research has an area of 38.144 km?
and includes both previously descr i-dh@atteridgedeas ( F
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areasbased

on

recently

attai

Two polygons were defined for the promising areas for the project designwork ( Per t ol dov §

ned

SPRAO geophysical

al. 2019) within the defined promising area for the geological characterisation research. The
total area of these two polygons both on the surface and at repository depth is 14.051 km?2.
The polygon of the promising area for the project design work defined in the western part of
the area (L i h a-&) far the geological characterisation research has an area of 11.827 km?,

whil e

area of 2.224 kmZ2. The assessed surface area has an area of 1 6 .

and is located t hEhe prdlimidary giting df thd B@RSforv .

t hat

of

t he

sout heast
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ned
61
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assessment purposes, i.e. the area designated for the disposal of SNF, was chosen for the

L i h a-&lpalygon and has an areaof 203 km?( Zahr adn?2 k

Fig.6Map of
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Legend

Area suitable for geological
characterisation work

Suitable area for the project

e

L 3Dgeological model

Surface area

Repository layout
for assesment purposes

he Lihadlo site

S§zav

Thel polygéh® ds8eysed for the
promising area for the geological characterisation research and the promising area for the

k a,

et Bald.i g2o0v/1 9 )H oadroev
Thes poomi®ing arBaofdr the Rud?z2k

geological characterisation research has an area of 28.268 km? and was described by Fr a n D k
et al. 2018. Three polygons were defined for the promising areas for the project design work
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within the defined promising area for the geological characterisation research. The total area

of these three polygons is 14.52 km? on the surface and 14.908 km? at repository depth. The

polygon of the promising area for the project design work defined in the north-western part of

the area (Horka - SZ) for the geological characterisation research has an area of 9.291 km?

(9.679 km? at repository depth), that of the second defined polygon in the north-eastern part of

the area 2.949 km? (also at repository depth) and that of the third defined polygon in the

southern part of the area (Horka - J) an area of 2.28 km? on the surface and at repository

depth. The assessed surface areahasanareaof1 7. 01 ha (Bur amglistotatea| . 201
north of the village of N § a meThe. preliminary siting of the DGR for assessment purposes

was chosen for the Horka - SZ polygon and has an areaof 25km?( Zahr adn2 k et al

Legend

Area suitable for geological
characterisation work

Suitable area for the project
—_ : 3D geological model

s Surface area

Repository layout
for assesment purposes

Fig. 7 Map of the assessed areas of the Horka site

45 Hr 8d ek

The Hr §dsiteki s | ocated in t,déhVasal iamalistR® ¢fdh@oaremo v
detailed information, see e.g. Fr an Dk et TreelpalygoAstads8syed for the promising
area for the geological characterisation research and the promising area for the project design

work, as defined for the purposes of the site as
located in the municipalitesof Bor g o v, Cejl e, Dol nz Cerekev, Hoj k
Ry chnov andTh&mdmasingnaga for the geological characterisation research has

anareaof 35.077km?and i ncludes both previously describec

newly-c har acteri sed areas based on recently attaine
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Mixa et al. 2019). Two polygons were defined for the promising areas for the project design
work within the defined promising area for the geological characterisation research. The total
area of these two polygons is 10.263 km?2. Following the approximation of the geological
structure to the expected depth of the repository, including the assumed slopes of the various
geological interfaces, the promising area for the project design work has an area of 9.861 km?2,
The polygon of the promising area for the project design work defined in the north-western part
of the area (Hr § d-&ZX) for the geological characterisation research has an area of 3.4 km?
(at the repository depth: 3.096 km?), while that of the second defined polygon in the south-
eastern part of the area (Hr & d-eJ¥) has a surface area of 6.863 km? (at the repository depth:
6.765 km?). The assessed surface areahasanareaof 1 4. 59 ha ( Gpi ndndiset al
located west of the villageof Do | n 2  CEhe grdtireinary siting of the DGR for assessment
purposes, i.e. the area designated for the disposal of SNF, was chosen for the Hr § d eJ¥
polygon and has an areaof 2.67km?( Zahradn2k et al. 2020).

Legend

Area suitable for geological
characterisation work

Suitable area for the project

C 3 3D geological model

Surface area

Repository layout
for assesment purposes

T

Fig.8 Map of the assessed areas of the Hr8§dek site

4.6 Janoch (ETE-south)

The Janoch site is located in the South Bohemia region, L e s k ® B u dliStjico(fori more

detailed information, see e.g. Navr 8t i | ov § TEhé polggons asge@sed fpr. the

promising area for the geological characterisation research and the promising area for the
project design wor k, as defined for the purposes:s
et al. 2019), are located in the municipalities of DS 2 t e R, Hl ubok8 nad VItav
T e me |IThenpromising area for the geological characterisation research has an area of

22.742 km2. Two polygons were defined for the promising areas for the project design work
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within the defined promising area for the geological characterisation research. The total area

of these two polygons both on the surface and at repository depth is 10.169 km?2. The polygon

of the promising area for the project design work defined in the eastern part of the area (ETE-

south-V) for the geological characterisation research has an area of 4.676 km?, while that of

the second defined polygon in the southern part of the area (ETE-south - Z) has an area of

5.493 km?2. The assessed surface areahasanareaof26 . 5 ha (Navr 8tilov§g et
located east of the vilage of DSi t e R ( Nav r §t iTHe preli@inaeytsiting df the DGR 1 8 ) .
for assessment purposes, i.e. the area designated for the disposal of SNF, was chosen for the

ETE-south-V polygon and has anareaof 2.37km?( Zahradn2 k et al. 2020) .
s o R e SN - N R s [ =3 Legend

Area suitable for geological
characterisation work
Suitable area for the project

C: 3D geological model

s Surface area
Repository layout
for assesment purposes

Fig. 9 Map of the assessed areas of the Janoch (ETE-south) site

47 Kr av 2 hor a

The Kr asitei holracat ed i n SodtheMordwasegli ioma , aiGAN8r nad S8
and Brno-venkov districts (for more detailed information, see e.g. Fr an Dk et Thkel . 201
polygons assessed for the promising area for the geological characterisation research and the
promising area for the project design work (Pe
municipalities of Bu k o v, Dol n?2 Rog2nka, Drahon?2n, Mi | as?
Rodkov, Rogn§, Sej Sek, SThe @dmisikg aresforSHetgeolggical nd VN g
characterisation research has an area of 27.763 km? and includes both previously described
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areas (FranhDk et

-cahl a r a2c0tl1e8r)i saendd anreend sy based

geophysical data (summary by Mixa et al. 2019). One polygon was defined for the promising
area for the project design work within the defined promising area for the geological
characterisation research. The total surface area of this polygon is 7.301 km?. Following the
approximation of the geological structure to the expected depth of the repository, including the

assumed slopes of the various geological interfaces, the promising area for the project design
work has an area of 5.463 km?. The assessed surface area has an area of 10.92 ha

et al. 2018a) and is located north of the village of S t S 2Theepteliminary siting of the DGR for

et al .

-

Fig. 10 Map of the assessed areas ofthe Kr av 2 sithor a

48 Magdal ®n a
The
detailed information, see e.g. Fr a n Nk
wor k

et al .
26.823 km?and

udes

2019)

Legend

Area suitable for geological
characterisation work

Suitable area for the project

C: 3D geological model

Surface area

Repository layout
for assesment purposes

Ma g dit is [Bgatad in the South Bohemia region, P 2 s e k

a ndabtricts §fdr mare

e t Thee Ipalygo@sOads8syed for the promising
area for the geological characterisation research and the promising area for the project design
(Pertol dovs

Na d D j kKhe promising area for the geological characterisation research has an area of
i ncl

both
characterised areas based on

recently
et al. 2019). Two polygons were defined for the promising areas for the project design work
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within the defined promising area for the geological characterisation research. The total
surface area of these two polygons is 6.345 km?. Following the approximation of the geological
structure to the expected depth of the repository, including the assumed slopes of the various
geological interfaces, the promising area for the project design work has an area of 5.406 km?.
The polygon of the promising area for the project design work defined in the northern part of
the area (Magdalena i S) for the geological characterisation research has an area of 4.219
km? on the surface and, at repository depth, 3.671 km?, while that of the second defined
polygon in the southern part of the area (Magdalena-J) has a surface area of 2.126 km? on the

surface and 1.735 km? at repository depth. The assessed surface area has an area of 17.498
o fThetpteleninary sitimgafg e

ha (Bureg eandiasl . ozt &d) sout h
the DGR for assessment purposes was chosen for the Ma g d a I- ® padygon and has an
et al 2020) .

areaof 2.134km?( Zahr adn?2 Kk

Legend
Area suitable for geological
characterisation work

Suitable area for the project
C: 3D geological model
Surface area

Repository layout
for assesment purposes

Fig.11Map of the assessed
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areas (Hanglandeméewly@ahar 2061 @&y i sed areas based
geophysical data (summary by Mixa et al. 2019). Three polygons were defined for the
promising areas for the project design work within the defined promising area for the geological
characterisation research: EDU-west - Z with an area of 4.16 km? (at repository depth: 3.709
km?), EDU-west - SV with an area of 2.693 km? (at repository depth: 2.479 km?) and EDU-west
- J with an area of 3.102 km? (at repository depth: 2.937 km?). The total area of these three
polygons is 9.955 km?. Following the approximation of the geological structure to the expected
depth of the repository, including the assumed slopes of the various geological interfaces, the
promising area for the project design work has an area of 9.125 km?. The assessed surface

(0]

n re

areahasanareaof12. 29 ha (Kraj?2| ek et aWwestofzhe tilBgeofand i s

MysliboSice ( Hamedilelimaary siting of the DAREJr assessment purposes,
i.e. the area designated for the disposal of SNF, was chosen for the EDU-west-J polygon and
hasanareaof262km?( Zahradn2k et al. 2020).

Legend
Area suitable for geological
characterisation work
Suitable area for the project
: : 3D geological model
= Surface area

Repository layout
for assesment purposes

N
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Fig.12Map of the assessed areawwst)esitt t he Na Skaln2zm
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5 Assessment of t he sites

5.1 Assessment procedure

The MP.22 methodical guidelines ( Vo k § | e t thahdet.out thdraqudirements, suitability
indicators and criteria for the DGR site selection process, as well as the site assessment
methodology, as determined by Vondrovic et al. 2019, set out the requirements and
procedures to be applied when comparing the suitability of the sites in terms of the location of
the DGR. The site assessment process covered the following criteria areas:

1 technical feasibility;
1 safety
1 operational;
1 long-term;
9 environmental impacts.

The assessment of the suitability of the sites was conducted in two stages:

1. first assessment stage - risk exclusion (the assessment of exclusion criteria in all the
evaluation areas according to the MP.22 document and Vondrovic et al. 2019);

2. second assessment stage - benefits analysis (the comparison of the sites using key
criteria according to the assessment methodology of Vondrovic et al. 2019).

V POTENTIAL
SITES

PREFFERED
SITES

Q BACKUP
SITES j_

NOT FURTHER
STUDIED SITES

SITES FOR
ASSESMENT

Fig 13 Site assessment process
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The first stage comprised the assessment of the criteria that served for excluding the sites
should there be no appropriate technical or administrative measures available to remedy the
deficiencies. If the site was in conflict with any of the exclusion requirements or criteria and no
such measures were considered feasible, it was no longer considered for further research and
was included in the excluded site category (Fig. 13). If it was considered possible to solve the
various conflicts, the site proceeded to the second assessment stage.

The results of the assessment of each of the exclusion criteria were classified as follows:

1. The information available on the assessed properties of the site leads to the conclusion that
the requirement will be met (the opportunity outweighs the risk), i.e. no property has been
identified at the site that leads to it being excluded in terms of the location of the repository.

2. The information obtained on the assessed properties indicates an obstacle or problem in
terms of meeting the respective requirement, or potential problems with the demonstration
thereof (the risk outweighs the opportunity).

3. Insufficient data is available to assess the respective criterion at the given stage of the site
selection process.

The second assessment stage compared the sites that passed the exclusion criteria evaluation
by means of the defined key criteria (Vondrovic et al. 2019), which comprised those site
characteristics according to which the sites could be compared at the given stage of DGR
development. The assumption was that they comprised both characteristics that can be
determined/estimated from current knowledge and characteristics according to which the sites
differed based on the evaluation of available information. A further assumption was that these
characteristics did not correlate with each other (for example, they were not based on the
recalculation of the same basic information). The key criteria were further divided into
indicators, i.e. the various characteristics of the sites considered in the key criteria (Vondrovic
et al. 2019).

At this stage, the assessment of the suitability of the sites was conducted on the basis of the
reduction of the number of sites based on those criteria that had the highest information
relevance and were founded on a sufficient amount of input information. In accordance with
the adopted methodology (Vondrovic et al. 2019), the values of the indicators were converted
into a grade in the range of 1-5 (1 1 relatively the best site, 57 relatively the worst site). The
conversion was performed by the assessment teams who were responsible for providing and
analysing the input data of the relevant criteria and indicators. According to the multicriteria
assessment of the suitability of the sites as per the methodology (Vondrovic et al. 2019), the
values of the grades of the various indicators were multiplied by the weightings of the relevant
indicators in order to obtain an overall grade for the respective criterion. The grades of the
criteria were then multiplied by the weightings accorded to the individual key criteria defined
on the basis of the expert Saaty pairwise assessment of the significance of the various criteria
(see Chapter 6.2). The final grade for the site was thus the sum of the products of the
weightings of the relevant criteria and the grades thereof. The relatively more suitable
candidate DGR sites had lower overall grades. In order to verify the multicriteria assessment
procedure applied to the sites, a comparison was performed of the various mathematical
approaches that influenced the calculation of the weightings of the key criteria and other
calculation procedures (standardisation).
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5.2 Assessment of the exclusion criteria

An exclusion criterion comprised a property of the site that excluded the siting of the DGR in
the absence of the appropriate technical or administrative remedial measures. The exclusion
criteria are listed and described in Tab. 2, classified in accordance with the assessment
methodology (Vondrovic et al. 2019). The description of the assessment of the various
exclusion criteria (chapters 5.3 to 4.7Chyba! Nenalezen zdroj odkaz 7) is arranged according
to the content of Tab. 2, either collectively for all the sites or for each site separately. With
respect to the assessed exclusion criterion, the final decision is always provided, whether the
criterion was fulfilled or not, either collectively for all the sites per criterion or for each site
separately.

Tab. 2 Overview of the exclusion criteria according to Vondrovic et al. (2019) and MP.22

ID Criterion designation Criterion description/value
1 Project exclusion criteria
1.1 Size of the usable rock mass The usable rock mass must be of such

dimensions that, in compliance with
technical and safety requirements, it is
able to host the expected amount of waste
to be disposed of with a reserve.

Very unfavourable hydrogeological
conditions for the siting of the DGR may
lead to the exclusion of some parts of the
repository area; however, as a rule, most
unfavourable conditions can be remedied
via technical or administrative measures.
The preliminary criterion is the value of
water flow into the disposal wells (0.1
I/min) and the disposal tunnels (0.25
[/min).

1.2 Hydrogeological conditions

1.3 Ensuring stability for Occurrence of:

construction . :
a) volcanic rocks of the Pliocene to

Holocene eras or indications of post-
volcanic activity, in particular the outflow of
gases or mineral waters associated with
past volcanic activity; to a distance of 5
km.

b) phenomena according to para. 2 c) of
Decree No. 378/2016,

1. caverns and karst formations,

2. deep mines, underground gas
storage facilities and other facilities
constructed in underground spaces,
and indications of previous mining
activities,
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Criterion designation

Criterion description/value

3. pumping wells and other
infrastructure for the extraction of
minerals and groundwater,
including the subsidence or
deformation of the surface,

And that:
1. onthe land of the nuclear facility or
2. outside the land of the nuclear

facility if there is the risk of the
subsidence or deformation of the
surface of the area for the siting of
the nuclear facility with a potential
impact on nuclear safety.

c) slope movements that reduce nuclear

safety

d) persistently unsuitable foundation soil
properties, namely

1.

unsuitability of the foundation soils
for the foundations of components
important from the point of view of
nuclear safety; in the case that the
average speed of transverse waves
in the foundation soil is lower than
360 m/s,

occurrence of foundation soil with a
loading capacity of less than 0.2
MPa,

occurrence of sedimentary or
strongly swellable foundation sails,

the presence of a foundation soil
classified as moderately organic or
highly organic, or

occurrence of soil liquefaction.

35




The selection of potential sites for the Czech deep geological repository in the next stage of
research from 2020

Criterion designation

Criterion description/value

1.4

Number and complexity of
conflicts of interest

Characteristics that are in conflict with a
protection or safety zone shall result in the
exclusion of the consideration of the
construction of a nuclear facility. This
constitutes the interference of the land of
the nuclear facility in a protection zone
pursuant to Section 15, para. 1 a) and b)
of Decree No. 378/2016 Coll., i.e.:

a) road protection zone,
b) railway protection zone

Long-term safety exclusion criteria

2.1

Geological characteristics

211

Describability and predictability
of the homogeneous rock
blocks

The geological conditions of the repository
must allow for the creation of a credible
complex, spatial geological model. The
depth extent of the rock mass must be
sufficient with regard to the maximum
expected depth of the repository (minimum
of 400 m). An unacceptable degree of
uncertainty in the identification and
description of regional and local fault
zones and other geological structures may
preclude the siting of the repository. In the
first phase of surface geological research,
however, this factor is not necessarily
excluding and can be used to compare the
sites.

212

Variability of the properties

If the variability of the properties is such
that it does not allow for the preparation of
a reliable 3D geological, hydrogeological,
geomechanical and geochemical model,
the site shall be excluded. In the first
phase of surface geological research,
however, this factor is not necessarily
excluding and can be used to compare the
sites.

2.2

Hydraulic characteristics

221

Presence of aquifers in the
isolation part of the repository

The presence of aquifers in the isolation
part of the repository constitutes an
exclusion criterion for the siting of the
repository.
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ID Criterion designation Criterion description/value

222 Difficulty of creating Unacceptable uncertainties due to the
hydrogeological models and difficulty of determining the influence of
predicting the development of fault zones and other structures when
hydrogeological conditions at creating hydrogeological models of the
the site sites. In the first phase of surface

geological research, however, this factor is
not necessarily excluding and can be used
to compare the sites.

2.3 Site stability
of potentially active faults over thereof mustpnot feature any faults Y
the next hundreds of thousands | [t R0 T e with
of years (seismic stability) potentially cap 9

manifestations on or near the surface.
Maximum potential magnitude and soil
vibration acceleration values, however,
may be used for site comparison
purposes.

2.3.2 Subsidence or uplift of the The siting of the repository is excluded at
surface of the area (vertical sites at which moven
movements of t h|crustare greaterthan 1 mm/year.

2.3.3 Post-volcanic phenomena Sites with post-volcanic phenomena (gas
outflows, thermal water, etc.) will be
excluded.

24 Characteristics that could lead to the disturbance of the repository via

future human activities

24.1 The presence of old mine No old mine workings must be present on
workings the proposed site of a nuclear facility.

24.2 The presence of mineral There must be no mineral resource
resources reserves at depths greater than 100 m.

2.4.3 The presence of underground The rock environment must not contain
water or geothermal energy significant water sources or have the
sources potential for the use of geothermal energy.

3 Excluding operational safety criteria

3.1 Natural phenomena
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ID Criterion designation Criterion description/value
3.1.1 The occurrence of faults a) Occurrence of a zone with a
physically or seismically active fault
or other movemeni
crust that could result in damage to
the nuclear installation, thus
negatively affecting nuclear safety;
up to a distance of 5 km, or
b) Occurrence of an accompanying
fault at the site of the nuclear
installation. This criterion will be
combined with the criterion for
assessing seismicity in terms of
long-term safety
3.1.2 Flooding Regular flooding of the site of the nuclear
installation due to extreme meteorological
situations with a probability of occurrence
of once every 100 years or higher.
3.2 Factors influencing the management of exceptional situations
3.2.1 Proximity to an international Proximity to an international border or
border settlements that negatively influence the
feasibility of the emergency plan.
3.2.2 Ensuring access for rescue The lack of access for fire, mining rescue
units and ambulance services.
3.2.3 Ensuring information and The impossibility of communicating timely
evacuation information to, and the evacuation of, the
population.
3.24 Ensuring measures against The inability to secure the facility against
sabotage sabotage precludes the siting of the DGR.
4, Exclusion criteria in terms of environmental impacts
4.1 Occurrence of specially protected natural areas
4.1.1 Occurrence of UNESCO The area designated for the surface area
biosphere reserves must not feature a UNESCO biosphere
reserve (Article 1 of Ministry of Foreign
Affairs communication No. 159/1991, Coll.
Convention Concerning the Protection of
the World Cultural Heritage).
. The area intended for the surface area of
412 Occurrence of national parks the DGR must not be situated in a national
park.
Definition: Appendices Nos. 1 - 4 of Act
No. 114/1992, Coll.
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ID Criterion designation Criterion description/value
4.1.3 Occurrence of a protected The area intended for the surface area of
landscape area the DGR must not be situated in a
protected landscape area.
414 Occurrence of national natural The area intended for the surface area of
monuments and national nature | the DGR must not be situated in areas
reservations with the occurrence of national natural

monuments and national nature
reservations (in all cases this refers to so-
called specially protected natural area
categories).

4.1.5 Occurrence of a Natura 2000 The area intended for the surface area of
site (Area of European the DGR must not be situated in Areas of
Importance, Bird Protection European Importance and must not
Areas) interfere with Bird Protection Areas.
4.1.6 Occurrence of nature reserves | The area intended for the surface area of
and natural monuments the DGR must not be situated in nature
reserves or at sites with natural
monuments

5.3 Excluding technical feasibility criteria (ID1)

5.3.1 Size of the usable rock mass (ID 1.1)

Description of the exclusion criterion

The usable rock mass must be of such dimensions that, while complying with all the technical
and safety requirements, it is able to host the expected amount of waste to be disposed of with
areserve.

Assessment results

The size of the usable rock mass comprised an exclusion criterion for the site if the dimensions

of the homogeneous rock block were deemed insufficient for the disposal of the expected
amount of SNF in waste disposal packages (WDP) for all three types of fuel considered (VVER

440, VVER 1000 and SNF from new nuclear sources (NNS)). The criterion included the
assessment of the extent of the area reserve for the disposal of the expected amount of waste

(9500 tonnes of SNF and 4500 m3 of HLW/IILW accor di ng t o ( Vo kthel et
promising area for the project design work.

For the purposes of the assessment, all faults and fragments were excluded from the usable
rock mass, i.e. the polygons for the promising area for project design work; such features
render the rock environment unusable in terms of SNF disposal and accessibility with concern
to the technical feasibility of the access corridors ( But ov i | et al . 2020 and
2020). Furthermore, thermo-technical calculations were made of each of the sites, which
determined the spacing required between the disposal corridors and the WDPs (Kobylka
2018). Based on this data, disposal sections were designed for each site with respect to the
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expected number of WDPs with SNF. The areas of the disposal sections determined in this
way were then compared to the size of the defined rock blocks atthe sites( But ov i |

Tab. 3 Summary of reserves with respect to the usability ofther oc k bl oc ks
(2020)
Area of the rock Reserve for the
blocks at a o
Disposal area depth of around siting of the
Site underground
500 m below the art of the DGR
surface P
[m?] [m?] [%0]
BSezovIi poto 2944 729 11812 154 75.07
Lertovka 1530 000 9417 447 83.75
Li hadl o 2 030 466 13 332 558 84.77
Horka 2 497 119 14 236 292 82.46
Hr 8§dek 2671020 9861 730 72.92
Janoch (ETE-south) 2 368 963 9892 677 76.05
Krav2 hor a 3053775 4 648 195 34.30
Magdal ®n a 2134 212 5041 756 57.67
Na Skal navest) ( 2 623 746 8 031 870 67.33

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

5.3.2 Hydrogeological conditions (ID 1.2)

Description of the exclusion criterion

Very unfavourable hydrogeological conditions for the siting of the DGR were considered an
exclusion criterion with respect to certain parts of the repository; however, as a rule, such
unfavourable conditions can be remedied via the application of technical or administrative
measures. The preliminary criterion considered values of water flow into the disposal wells of
0.1 I.mint, and into the disposal tunnels of 0.25 I.min"t,

Assessment results

The assessment of the criterion was performed for all the candidate sitesaccor di ng

et al. 2020). At the present stage of the assessment process, it is not possible to
unambiguously assess this criterion due to the lack of data from the disposal depth. The
criterion refers to the hydrogeological characteristics that will be known only after the
excavation of the underground part of the DGR. Currently, the hydrogeological models of the
sites (a summary of the results used to assess the suitability of the sites is providedinHa v |
et al. 2020a-i) do not describe the flow conditions at the time of the commissioning of the
repository.

Hydrogeological models were created for all the sites that included the calculation of selected
hydrogeol ogi cal c har act e )i However, svith thel aurdnolevd of
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knowledge of the rock mass at the assumed SNF disposal depth, there is not enough
information available for the evaluation of the value of the flow of underground water into the
disposal wells. However, international experience, e.g. (Riekkola et al. 2003) indicates that
such unfavourable conditions can usually be remedied via the application of technical or
administrative measures.

However, generally accepted assumptions on the development of permeability in crystalline
and Moldanubian rock masses led to the expert opinion that at all the sites:

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

5.3.3 Ensuring stability for construction (ID 1.3)

The evaluation of this exclusion criterion refers to the siting of the surface area. Therefore, in
the following text, the land of the nuclear facility is considered to be identical to that of the DGR
surface area.

Description of the exclusion criterion

According to Section 9 of Decree No.378/2016 Col | . ( SBJB Decr eeinfNo. 378
of a nuclear facility, 2016), the following comprise exclusion characteristics in terms of the
siting of a nuclear facility:

a) the occurrence of volcanic rocks of the Pliocene to Holocene eras or indications
of post-volcanic activity, in particular the outflow of gases or mineral waters
associated with past volcanic activity; to a distance of 5 km.

b) the occurrence of phenomena referred to in paragraph 2 c) (i.e. caverns and karst
formations, deep mines, underground gas reservoirs and other structures
constructed in underground spaces, the remnants of previous extraction activities,
pumping boreholes and dissolution technologies for the extraction of minerals and
groundwater, including the subsidence or deformation of the surface) on the land
of a nuclear facility, or outside the land of a nuclear facility, if there is the risk of
the subsidence or deformation of the surface of the area selected for the siting of
the nuclear facility that exerts a potential impact on nuclear safety,

c) the occurrence of slope movements that reduce nuclear safety, or
d) the occurrence of persistently unsuitable foundation soil properties, namely:

9 unsuitability of the foundation soils for the foundations of components
important from the point of view of nuclear safety; in the case that the average
speed of transverse waves in the foundation soil is lower than 360 m/s,
occurrence of foundation soil with a loading capacity of less than 0.2 MPa,
occurrence of sedimentary or strongly swellable foundation soails,

the presence of a foundation soil classified as moderately organic or highly
organic, or

9 occurrence of soil liquefaction.

E

Assessment results
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The sites were assessed onthebasi s of a report by Butovi|l et
report.

BSezovl potok

Based on the geological data ont h e B Se z ositel it wa® deterined that the site is
located outside the areaof Cenozoi ¢ vol canism associated with t
rift and the dispersed alkaline magmatism of the Bohemian Massif or the Carpathian arch.
Within a radius of 5 km of the assessed area, there are no known manifestations of the volcanic

or post-volcanic activity of the Pliocene to Holocene eras. In terms of post-volcanic
phenomena, no exclusion criteria were determined for this site. Furthermore, there are no karst
phenomena, nor have any old or abandoned mine workings been registered. There is no risk

of conflict of interest with mined areas or the instability of the area in terms of mining burdens

nor the occurrence of underground anthropogenic weakened zones. No occurrences of slope
movements that would reduce nuclear safety in the vicinity of the surface area have been
registered at the site. No indications of the presence of foundation soils with unsuitable
properties were determined in the presumed surface areaoft he BSez oitel pot ok

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Lertovka

Based on the geological dataont h e L e site, it wak faund that the volcanic rocks present
within 5 km of the assessed site are from the tertiary era. Remnants are evident of the volcanic
complex of the Doupov mountains, which were volcanically active 341 20 million years ago.
Post-volcanic events (e.g. the hydrothermal alteration of rocks) may have occurred in the area
as recently as 10 million years ago. However, there are no known indications of post-volcanic
activity from the Quaternary. Around 4 km from the assessed site, V | a dtfse Semnant of a
separate smaller volcano, is characterised by dispersed remnants from the isolated Te pe | s k §
and Slavkov volcanic bodies. The age of the activity of this volcanic field is stated to be 22 to
6 million years. Throughoutthe T e p e lasdISI&vkov areas, the volcanic activity took the form
of separate eruptions, without the prolonged subsequent post-volcanic manifestations related
to the degassing of cooling magma. From the point of view of post-volcanic phenomena, no
exclusion criteria were determined for the site. No karst phenomena or old or abandoned mine
workings have been recorded at the site and no occurrences of slope movements that would
reduce nuclear safety in the vicinity of the surface area have been registered. No indications
of the presence of foundation soils with unsuitable properties were determined in the presumed
surface areaoftheL e r t witek a

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Li hadl o

——

Based on the geological dataonthelL i had |l o | o deelminedythat thie site isvlacated
outside the area of Cenozoic volcanism associated with the developmentofthe Oh Se r i ft an
the dispersed alkaline magmatism of the Bohemian Massif or the Carpathian arch. Within a
radius of 5 km of the assessed area, there are no known manifestations of the volcanic or post-
volcanic activity of the Pliocene to Holocene eras. In terms of post-volcanic phenomena, no

42



The selection of potential sites for the Czech deep geological repository in the next stage of
research from 2020

exclusion criteria were determined for this site. Furthermore, there are no karst phenomena,
nor have any old or abandoned mine workings been registered. No occurrences of slope
movements that would reduce nuclear safety in the vicinity of the surface area have been
registered at the site. No indications of the presence of foundation soils with unsuitable
properties were determined in the presumed surface area ofthe L i h asitd. o

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Horka

Based on the geological data on the Horka site, it was determined that the site is located
outside the area of Cenozoic volcanism associ at €
the dispersed alkaline magmatism of the Bohemian Massif or the Carpathian arch. Within a

radius of 5 km of the assessed area, there are no known manifestations of the volcanic or post-

volcanic activity of the Pliocene to Holocene eras. In terms of post-volcanic phenomena, no

exclusion criteria were determined for this site. Furthermore, there are no karst phenomena,

nor have any old or abandoned mine workings been registered. No occurrences of slope

movements that would reduce nuclear safety in the vicinity of the surface area have been

registered at the site. No indications of the presence of foundation soils with unsuitable

properties were determined in the presumed surface area of the Horka site.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Hr 8dek

Based on the geological data on the Hr8dek site
outside the area of Cenozoic volcanism associ at €
the dispersed alkaline magmatism of the Bohemian Massif or the Carpathian arch. Within a
radius of 5 km of the assessed area, there are no known manifestations of the volcanic or post-
volcanic activity of the Pliocene to Holocene eras. In terms of post-volcanic phenomena, no
exclusion criteria were determined for this site. Furthermore, there are no karst phenomena,
nor have any old or abandoned mine workings been registered (in the surface area). No
occurrences of slope movements that would reduce nuclear safety in the vicinity of the surface
area have been registered at the site. No indications of the presence of foundation soils with
unsuitable properties were determined in the pre

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Janoch (ETE-south)

Based on the geological data on the Janoch site (ETE-south), it was determined that the site
is located outside the area of Cenozoic volcanis
rift and the dispersed alkaline magmatism of the Bohemian Massif or the Carpathian arch.
Within a radius of 5 km of the assessed area, there are no known manifestations of the volcanic
or post-volcanic activity of the Pliocene to Holocene eras. In terms of post-volcanic
phenomena, no exclusion criteria were determined for this site. Furthermore, there are no karst
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phenomena, nor have any old or abandoned mine workings been registered in the surface
area. No occurrences of slope movements that would reduce nuclear safety in the vicinity of
the surface area have been registered at the site. No indications of the presence of foundation
soils with unsuitable properties were determined in the presumed surface area of the Janoch
site.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Kr av?2 hor a

Based on the geological dataont h e Kr asite? it waodetarmined that the site is located
outside the area of Cenozoic volcanism associ at €
the dispersed alkaline magmatism of the Bohemian Massif or the Carpathian arch. Within a
radius of 5 km of the assessed area, there are no known manifestations of the volcanic or post-
volcanic activity of the Pliocene to Holocene eras. In terms of post-volcanic phenomena, no
exclusion criteria were determined for this site. There are 79 mine workings registered for the
site in the mine workings database of the Czech Geological Survey, which can be divided into
two categories according to Section 35 of Act No. 44/1988 Coll. (the Mining Act), i.e. 78
abandoned mines from which radioactive raw materials were extracted and one exploratory
mine for asbestos rocks. Older maps record the conducting of geophysical and exploratory
research at the site, involving the drilling of 52 boreholes of more than 300 m deep. However,
none of these workings are located on the site defined for the potential construction of the DGR
nuclear facility, and the land is not affected by any potential consequences of former mining
activities, i.e. so-called mined areas. No occurrences of slope movements that would reduce
nuclear safety in the vicinity of the surface area have been registered at the site. No indications
of the presence of foundation soils with unsuitable properties were determined in the presumed
surface area of the Krav? hora site.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Magdal ®n a

Based on the geological dataont h e Ma g site, It v@as @determined that the site is located
outside the area of Cenozoic volcanism associ at e
the dispersed alkaline magmatism of the Bohemian Massif or the Carpathian arch. Within a
radius of 5 km of the assessed area, there are no known manifestations of the volcanic or post-
volcanic activity of the Pliocene to Holocene eras. In terms of post-volcanic phenomena, no
exclusion criteria were determined for this site. No old or abandoned mine workings are
registered for the Ma g d a Isi@nnar is there any evidence of the undermining of the area.
No occurrences of slope movements that would reduce nuclear safety in the vicinity of the
surface area have been registered at the site. No indications of the presence of foundation
soils with unsuitable properties were determined in the presumed surface area of the
Ma g d a Isite.n a

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.
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Na Sk a(EDiUwest)

Based on the geological dataont he Na Sk al nwest), iswas deterfifeDd that the
site is located outside the area of Cenozoic volcanism associated with the development of the

OhSe rift and the dispersed alkaline magmati sm

arch. Within a radius of 5 km of the assessed area, there are no known manifestations of the
volcanic or post-volcanic activity of the Pliocene to Holocene eras. In terms of post-volcanic
phenomena, no exclusion criteria were determined for this site. Furthermore, there are no karst
phenomena, nor have any old or abandoned mine workings been registered in the database
of mine workings of the Czech Geological Survey nor is there any evidence of the undermining
of the area. No occurrences of slope movements that would reduce nuclear safety in the vicinity
of the surface area have been registered at the site. No indications of the presence of
foundation soils with unsuitable properties were determined in the presumed surface area of
theNa Sk al navest)git€ DU

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

5.3.4 Number and complexity of conflicts of interest (ID 1.4)

Description of the exclusion criterion

Characteristics that are in conflict with a protection or safety zone shall result in the exclusion
of the consideration of the construction of a nuclear facility. This constitutes the interference of
the land of the nuclear facility in a protection zone pursuant to Section 15, para. 1 a) and b) of
Decree No. 378/2016 Coll. on the siting of nuclear facilities (i.e. road and railway protection
zones).

Assessment results

The sites were assessed on the basis of a
report.

The surface areas of all the sites were determined with a view to minimising conflicts of interest
and avoiding the exclusion criteria. Therefore, at none of the sites does the land of the nuclear
facility impinge upon railway or road protection zones.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

5.4 Long-term safety exclusion criteria (ID 2)

Geological characteristics (ID 2.1)

The assessment of both of the exclusion criteria in this category was based on the description

repor

of the geological structure, which is described in studiesbyHa vl ov § e tiinasumma 02 0 a

study concerning both the exclusion and comparison criteria. The text below presents the main
findings in terms of the ID 2.1 exclusion criteria.
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5.4.1 Describability and predictability of the homogeneous blocks (ID
2.1.1)

Description of the exclusion criterion

The impossibility of creating a complex spatial model of the geological structure of an area
determined for the siting of a nuclear installation due to the complex geological structure and
tectonic conditions precludes the siting of the DGR.

The geological conditions of the repository must allow for the creation of a credible complex,
spatial geological model. The depth extent of the rock mass must be sufficient with regard to
the maximum expected depth of the repository (minimum of 400 m). An unacceptable degree
of uncertainty in the identification and description of regional and local fault zones and other
geological structures may preclude the siting of the repository. In the first phase of surface
geological research, however, this factor is not necessarily excluding and can be used to
compare the sites.

5.4.2 Variability of the properties (ID 2.1.2)

Description of the exclusion criterion

If the variability of the properties is such that it does not allow for the preparation of a reliable
3D geological, hydrogeological, geomechanical and geochemical model, the site shall be
excluded. In the first phase of surface geological research, however, this factor is not
necessarily excluding and can be used to compare the sites.

Assessment of the results for both exclusion criteria (ID 2.1.1 and 2.1.2)
The sites were assessed inreportsbyHav Il ov 8 eti. al. 2020a

BSezovi potok

The main rock body for the siting ofthe DGRat t he B S esieswmade gpaftbo&t en s k|
and | erven granodiorite, which comprise deep-seated rock masses with a depth range of at

least 2.5 km. The contacts between these two types of granodiorites are intrusive, as are the
contacts with the surrounding metamorphic Moldanubian rocks. The veined rocks in the E-W
direction comprise less dominant rock bodies of up to several hundred metres long. From the

point of view of the variability of the rock environment, the petrological and geochemical
variability of the rock bodies and various lithologies is insignificant. Both magmatic and

met amor phic ductile deformation structures (Fran
identified to a sufficiently credible extent in the rock bodies. From the point of view of brittle

tectonics, four first category faults and 26 second category faults were identified in the area

covered by the 3D structural-geological model (Mixa et al. 2019). Fracture systems were

identified according to the spatial orientation, the most common of which are relatively steep

(inclination 707 9 0 Agctures in the directions NEi SW, NWi SE and NNW SSE. The commonly

observed alterations in the minerals and the subsurface weathering of the rocks do not affect

the homogeneity of the rock blocks.

Lertovka

The main rock body for the siting ofthe DGRat t h e kite commrise& HEski pluton with
a depth range of around 3 km. It consists exclusively of coarse-grained, with occurrences of
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indistinctly porphyritic biotite, granite, with intrusive contacts with the surrounding Bohemian

rocks and tectonic contactswi t h t he r oc ks Thefpetrolbgieal dad dgeacthemibah s i n .

variability of the T i sdkahite is insignificant from the point of view of the descriptiveness and
predictability factor as are the internal ductile magmatic structures. The quartz veins present
form N-S bodies with thicknesses of a maximum of several metres. The T i spkufon is intruded
in its central part by volcanic rocks; the intrusions are related to a significant failure zone. From
the point of view of brittle tectonics, 2 first category and 32 secondary category faults were
identified in the area covered by the 3D structural-geological model (Mixa et al. 2019). The
fracture system is dominated by subvertical extension fractures, mostly without mineral fillings
and mainly in the approximately WNW i ESE to WSW i ENE directions; a system of steep
NE-SW oriented fractures is less pronounced. The commonly observed alterations in the
minerals and the subsurface weathering of the rocks do not affect the homogeneity of the rock
blocks.

Li hadl o

e —

The main rock body for the siting of the DGR at t h e sltei congusésdhe lithologically
relatively homogeneous Klenov pluton (muscovite-biotite granite with occurrences of partially
assimilated xenoliths of the surrounding metamorphic rocks) with a depth range of around 2.5
km. The petrological variability is insignificant from the point of view of the descriptiveness and
predictability factor. The intrusive contacts of the pluton with the surrounding Moldanubian
rocks have a finger-like character and are mostly subparallel and follow the orientation of
regional metamorphic foliation, the surfaces of which decline at slight to medium angles to the
W to WNW. Veins of pegmatites and quartz with thicknesses of several tens of metres occur
infrequently and are insignificant from the point of view of the assessment process. With
respect to brittle tectonics, 2 first category and 23 second category faults were identified in the
area of the 3D structural-geological model. Six fracture systems were identified, the most
numerous of which are relatively steep (slopes of 70i 9 0 And descend to the NW, SE, NE,
SW, ENE and WSW. Fractures with medium to slight slopes decline towards the SE (Kabele
et al. 2018). The commonly observed alterations in the minerals and the subsurface weathering
of the rocks do not affect the homogeneity of the rock blocks.

Horka

The main rock body for the siting of the DGR at the Horka site comprisesthe T Se b 2 | pl ut ol

which consists of melasyenites to melagranites with a porphyritic texture with variable grain
sizes (medium to coarse-grained). From the point of view of the petrological properties,
however, the site features a relatively homogeneous environment with the occurrence of
insignificant magmatic and deformation foliation. Areas with variable representations of
feldspar growths (cumulative structures), migmatite xenoliths and microgranular enclaves have

beendetectedinthed ur bachi tes. The TSeb2] pluton intrudes

rocks; the contacts are intrusive. The depth range of the pluton is estimated at several km. The
TSeb2| pluton is intrudedfubty sewmalehlndredbm3 bhisiezes o f
However, these lithological inhomogeneities are of only local significance and, due to their
rheological similarity, do not impair the quality of the homogeneity of the rock environment.
The data obtained confirms the low degree of variability of the physical properties of the rock
environment. With concern to brittle tectonics, seven first category and seventeen second
category faults were identified. It is not possible to unambiguously determine the dominant set
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of fractures; most commonly, steep fractures (inclination of 7 0 9tl@aAdecline to the N, S,
NW, SE, NE, SW, E and WZ occur in the area. Furthermore, fractures with medium inclinations
(60-4 0 Agcur which decline to the E, NW and SE. The commonly observed hydrothermal
alterations in the minerals and the subsurface weathering of the rocks do not significantly affect
the homogeneity of the rock blocks.

Hr §dek

The main rock body for the siting of the DGR att h e H rsi® doengrises the Moldanubian
pluton, specifically the partial intrusion of the L e $2 n e k  a nmhssifs.i Thegeaintrusions

are represented by various types of granites with indistinct igneous foliation, which have steep
intrusive contacts, thus allowing for the assumption of their relative mechanical homogeneity.

The petrological variability of the granites is insignificant from the point of view of the
descriptiveness and predictability factor. Based on expert estimates, it can be assumed that

the thickness of the granites in the polygon of interest is around 20 km. Veins of quartz and

aplites with thicknesses of several tens of metres occur mainly in the southwestern part of the

L e $2 n e k; framethe assessment point of view, they may be significant due to the presence

of polymetallic mineralisation. With concern to brittle tectonics, one first category and 14
second category faults have been verified at the site. Fracture systems most often occur in the

form of steep fractures (inclination of 80i9 0 A) r unni n g E-W,aNESW,YNNE-SW t h e
and NW-W directions. Fractures with medium inclinations (60i 4 0 A) r N-8 geanerally
decline towards the E and W. Sub-horizontal fractures (inclination of 0i3 0 A) , aphert fr ol
weathering of exfoliation fractures, which were excluded from the assessment, occur only

rarely at the site and copy the trend of the fractures with medium inclinations. The commonly
observed alterations in the minerals and the subsurface weathering of the rocks do not affect

the homogeneity of the rock blocks.

Janoch (ETE-south)

The main rock body for the siting of the DGR at the Janoch (ETE-south) site comprises one of
the rock bodies of the monotonous Moldanubian group. From the point of view of the
lithological content and geological structure, the area around the Janoch (ETE-south) site is
relatively simple and made up of silimanite-biotite gneisses with various degrees of
migmatisation with a significant one-generation ductile metamorphic structure. The petrological
and geochemical variability of the gneisses is insignificant in terms of the descriptiveness and
predictability factor. Veins of microgranites and pegmatites with thicknesses of several tens of
metres occur mainly in the south-eastern half of the site, as do spatially-limited variegated
inserts of erlans and quartzites. Five first category and twenty-two second category faults were
identified at significant distances from the considered DGR area on the edge of the 3D
structural-geological model. With respect to fracture systems, fracture populations running
NNE-SSW to N-S with steep inclinations towards the WNW to W; running NW-SE with steep
inclination to the SW and NE; running NE-SW with a moderate tendency to the NW; and
running W-E with a steep inclination to the S have been identified. The commonly observed
alterations in the minerals and the subsurface weathering of the rocks do not affect the
homogeneity of the rock blocks.

Kr av?2 hor a
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The main rock body for the siting of the DGR att h e Kr asité coriposesat he Dr ahon2n

granulite body with an expected depth range of 2.8 km. The lithological composition of the
surrounding rocks is relatively varied and includes the occurrence of various petrographic
varieties of migmatites, amphibolites and orthogneiss with the presence of variegated rock
deposits. The ductil e def or nsédetid complexs tomuprising a
heterogeneous complex of three superimposed metamorphic structures (S:-Ss) that acquire
regional significance. From the point of view of brittle tectonic structures, four first category and
twenty-five second category faults have been identified. The area features three main groups
of subvertical extension fractures predominantly running approximately ENE-WSW, NW
(NNW) to SE (SSE) and NE-SSW with deep extents. The commonly observed alterations in
the minerals and the subsurface weathering of the rocks do not appear to affect the
homogeneity of the rock environment.

Magdal ®n a

The main rock body for the siting of the DGR at the Magdalena site comprises the Milev pluton
which consists of amphibole-biotite melagranite to melasyenite of the L e r t load &pe with
indistinct magmatic foliation, the petrological and geochemical variability of which is
insignificant from the point of view of the descriptiveness and predictability factor. The Milev
pluton exhibits intrusive contacts with the surrounding Moldanubian rocks. The depth range of
the granitoids has been estimated at a minimum of 1 km, depending on the orientation of the
ductile structures and the extent and shape of the Milev pluton. Veins of leucogranites, aplites
and pegmatites of variable thickness and length occur throughout the area. From the point of
view of brittle tectonics, two fault zones have been determined consisting of a series of parallel
lines of first category faults and fifteen second category faults. With respect to the spatial
orientation, several fracture systems have been identified, the most common of which are

steep and moderately inclined fractures (inclinations of 70-9 0 A a#® A O r unni ng
SW and NW-SE directions and E-W sub-horizontal fractures (inclination of 0i3 0 A) i nc |

the N. The commonly observed alterations in the minerals and the subsurface weathering of
the rocks do not affect the homogeneity of the rock blocks.

Na Sk a(EDlrwast)

The main rock body for the siting of the DGR at t h e (EBW \Wdsth gite comprises the

TSeb2| pl uton. Fr om t h e thel plutorh is relatiyeélycharhogepeous,n t

comprising predominantly porphyritic amphibolite-biotite melagranite to melasyenite
(durbachite), with the occurrence of mafic microgranular enclaves. Granites to syenites and
vein granites and pegmatites also occur at the site in the durbachite rocks. The geochemical
variability of the durbachites is insignificant from the point of view of the descriptiveness and
predictability factor, and the petrographic differences in the durbachites refer mainly to textural
characteristics in terms of the number and arrangement of feldspar growths. Based on
gravimetric modelling, the depth of the southern part ofthe T S e b 2 | hgs beert estimated
at 1,000 m in the north up to 2,500 m. The contacts of the pluton with the surrounding
Moldanubian rocks are of an intrusive nature. Granites veins are present in the E-W direction.
From the point of view of brittle tectonics, four first category and fifty second category faults
have been identified. The fracture system consists mainly of subvertical extension fractures
with two main sets of fractures running NNW-SSE and E-W. The commonly observed
alterations in the minerals and the subsurface weathering of the rocks do not affect the
homogeneity of the rock blocks. Significant alterations have been detected only along the

TSeb2| fault in the noareeehernmost part of the
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Based on the description of spatial relationships, promising areas for both the geological
research and the project design work were defined for all the areas covered by the 3D
structural-geological models( Per t ol d o v Sappendix &td this rép6rt]. The knowledge
gained was combined so as to create comprehensive 3D structural-geological models of the
geological structures ( Fr anhDk et al . 2 01 8) moddlsMi fracdure dailurea | . 20
(Kabele et al. 2018). Thus, it can be stated that the knowledge of the rock environments of all
the sites in terms of descriptiveness and predictability and the petrological and spatial
variability of the rock environment allows for the creation of reliable comprehensive geological
models of the spatial structures from the surface of the sites to the depth of the repository.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Hydraulic characteristics (ID 2.2)

5.4.3 Presence of aquifers in the isolation part of the repository (ID 2.2.1)

Description of the exclusion criterion

One of the exclusion criteria for the siting of the DGR concerns the presence of aquifers (in the
isolation part of the repository). Aquifers comprise hydraulically uniform and continuous
accumulations of gravitational groundwater in the rock, i.e. a continuous body of water
(accumulation) in the collecting rock, which may allow for the occurrence of hydraulic impulses
(mass transfer).

Assessment results

The sites were assessed in terms of the occurrence of this exclusion criterion in reports by
Havl ov &8 e t-i. Nmldata is2yBt 2¢aitable for the assessment of the hydrogeological
properties of the deeper parts of the crystalline rocks at the anticipated depth of the DGR.
However, it is highly probable that at a depth of 500 m below the earth& surface, the hydraulic
conductivity of the rocks will be three to five orders of magnitude lower than in the subsurface
zone of weathering with the opening of fractures, and that no continuous accumulation of
groundwater will occur. In the deeper parts of crystalline rocks, fractures gradually close, thus
leading to a decrease in the hydraulic conductivity of the rock environment. Groundwater flows
exclusively through conductive fractures and fault and failure zones. According to data
available from ISVS - VODA records (www.voda.gov.cz), water is currently abstracted using
exclusively near-surface groundwater resources at all the sites considered.

Neither the groundwater abstraction records or other archived exploratory hydrogeological
research indicate the potential for the use of deep groundwater for water management use or
the presence of aquifers at any of the sites.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.
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5.4.4 Difficulty of creating hydrogeological models and predicting the
development of hydrogeological conditions at the site (ID 2.2.2)

Description of the exclusion criterion

One of the characteristics of areas intended for the siting of a nuclear facility, the presence of
which precludes the siting of the DGR, concerns the impossibility of creating hydrogeological
models due to the difficulty of describing and predicting the hydrogeological conditions at the
site.

Unacceptable uncertainties due to the difficulty of determining the influence of failure zones
and other structures on the creation of hydrogeological models of the sites.

Assessment results

The sites were assessed in terms of the occurrence of this exclusion criterion in reports by
Havlovg eti al. 2020a

Detailed hydrogeological models were created for the assessment of the hydrogeological
conditions at all the sites (Baieretal. 202 0 a, b, Ler nlT et al . 2020a, b,
Pol 8k et al. 2020, Urlefledurreatknowlddge of2he gr@uadwdiey flomwh i ¢ h
conditions at the sites with respect to deep water circulation. They were created on the basis

of the use all the archive data available and recently obtained field data which, together, was
considered sufficient for the creation of comprehensive hydraulic models. With respect to all

the sites, further exploration work will enable the prediction of the hydrogeological conditions

at the time of the commissioning, and following the closure, of the repository.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Site stability (ID 2.3)

5.4.5 Earthquakes and the presence of potentially active faults (seismic
stability) (ID 2.3.1)

Description of the exclusion criterion

The site of a nuclear facility, and at a distance of up to 5 km from the boundary thereof, must
not feature any faults potentially capable of shifting with manifestations on or near the surface.
Maximum potential magnitude and soil vibration acceleration values, however, may be used
for site comparison purposes.

Assessment results

TheBSezovi, pbit mkd!l o, Hadandck(ETEFoush), K k a v 2 Maogrdaa,l ®n a
andNa Skal n2wast)siePMav | ov §2024,c-ija |

No relevant data on the age and activity of tectonic failures is currently available for the
assessment of potentially active faults at the above sites. If no potential for fracture movement
has been proven or indicated, it is assumed that it does not exist. No fracture activity has been
indicated for the assessed areas of these sites over the last 2.6 million years.
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The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

LertoM&al ovg elh) al. 2020

A significant morpho-l i neament bound(IDlop atshsee sGithherlo ufgahu Itthe ar
et al. 2018). This straight running fault slope has a developed clear upper edge, on which
drainage structures have been created comprising deep ravines with short catchments areas.
Such characteristics may indicate relatively young movements along the fault; however, similar
geomorphological manifestations occurred as the result of the recent denudation of the inactive
structure that separates the sediments of the Gi h e | frdmaTsi i smkabsif granitoids, which
exhibit differing degrees of susceptibility to erosion. Therefore, the above morphological
characteristics cannot be considered to be unambiguous indications of the presence of a fault
with the potential for displacement. No further data is available on the age and activity of the
tectonic features that might serve for the evaluation of potentially active faults at this site. No
fracture activity has been indicated for the assessed area of this site over the last 2.6 million
years.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

5.4.6 Subsidence or uplift of the surface of the area (vertical movements
of the ear(ilDR828) crust)

Description of the exclusion criterion

The siting of the DGR is excluded at sites where movements of the earth® crust are greater
than 1 mm/year.

Assessment results
Data on the sites was takenfromHav |l ov 8 eti. al . 2020a

Archive data on the rate of the subsidence of the drainage system is only available at the
regional scale. Values of 0.02 - 0.86 mm/year are given for the rate of subsidence during the
Pleistocene based on elevation differences between aligned surfaces and preserved fluvial
sediments. Correlations of the Elbe and Vltava terraces suggest average uplift rates of the
central part of the Bohemian Massif in the Lower Pleistocene of 0.04 mm/year and, during the
Middle and Upper Pleistocene, of up to 0.15 mm/year.

Studies based on dating methodology using the isotopes °Be and 2°Al are available only for
the wider area of the Bohemian Massif. Erosion rates of 0.023 - 0.027 mm/year have been
estimated for the southwestern edge of the Bohemian Massif and 0.025 - 0.027 mm/year for
the Gl uk nov p rareawaring te Middle and Upper Pleistocene.

While the candidate sites do not exhibit identical geological characteristics to those of the areas
that were subjected to these measurement methods, they are located in similar
geomorphological environments. Since similar erosion and denudation rates can be expected
at the candidate sites, this data is taken into account in the site assessment process.

52



The selection of potential sites for the Czech deep geological repository in the next stage of
research from 2020

With respecttotheBSezovi pot ok, Lertovka, L i -boatdh)l and,

Ma g d a |si®g, ao information on the rate of the deepening of the river systems is available
on the immediate surroundings; the sites were assessed on the basis of data for the Bohemian
Massif.

AttheHor ka and Na Swest)site3, the godibnlbf preserved Lower Pleistocene
terraces at the confluence of the Oslava and Jihlava rivers, the bases of which lie
approximately 60 to 70 m above the current surface of the floodplain, indicate low rates of the
deepening of the drainage system. This elevation difference corresponds to rates of the
deepening of the river system in the order of hundreds to the low tenths of millimetres per year.
The position of river terraces in the Dyje-Svratka valley corresponds to similar rates of
deepening, where the base of the Lower Pleistocene terraces is 30 to 70 m above the current
floodplain and the Middle Pleistocene terraces are located at a relative elevation of around 15
to 25 m above the current floodplain.

Atthe Kr_a v 2 site,odata on the rate of the deepening of the river system from the wider
surroundings is available only in relation to the geomorphological position of the preserved
terraces. The rates of deepening of the river system in the Svratka river basin in the area above
Ti ¢ rhave been estimated in the Upper Miocene and Pliocene at 0.003 - 0.01 mm/year,
during the Older Pleistocene at 0.03 - 0.04 mm/year, in the Middle Pleistocene at 0.06 - 0.09
mm/year and during the Upper Pleistocene at 0.05 - 0.1 mm/year, which is comparable to the
rates of deepening and the positions of river accumulations in the Dyje-Svratka valley.

It follows from the above that the values of the vertical movements of the earth® surface, i.e.
the rate of the deepening of the drainage system do not exceed 1 mm/year for any of the sites.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

5.4.7 Post-volcanic phenomena (ID 2.3.3)

Description of the exclusion criterion
Sites with post-volcanic phenomena (gas outflows, thermal water, etc.) will be excluded.

Assessment results

Hr §de

Data on the various sites was taken from Havl ov§

TheBSezovi potok, Lihadlo, Hemkah)Hr Kdak2 hoamach V

and Na Sk al n 2 m-wegstlk §ites are located outside the area of Cenozoic volcanism

associated with the devel dispensedakaliweimagmatem dtheS e

Bohemian Massif and the Carpathian arch. There are no known manifestations of volcanic or
post-volcanic activity of the Pliocene to Holocene eras within a radius of 5 km of any of these
sites.

Atthe L e r_t ositektlae promising area for the geological research intersects lines of volcanic
bodies of olivine nephelinite in the E - W direction. The easternmost and most extensive body
represents a lava flow remnant, while the other bodies represent erosive remnants of small
slag cones. The age of the olivine nephelinite at Tis was determined using the K-Ar method at
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13. 74 N The dnfensidres of the bodies and their presumed venous-elongated feeding

pathways point to the very rapid cooling and crystallisation process of the magma. It is unlikely

that any post-volcanic manifestations occurred in the area immediately following eruption.

Occurrences of remnant of the volcanic complex of the Doupov mountains, which was

volcanically active 341 20 million years ago, extend to the north-western edge of the area of

the 3D structur al g e ol ogte. The consequehees of pokt-volcdine L er t o
manifestations (e.g. the hydrothermal alteration of the rocks) may have occurred in the area

10 million years ago (unpublished data). However, no post-volcanic manifestations of the

Quaternary are known in the area. To the west of the boundary of the 3D structural geological

model,theV | a d a S hrindntof a sepdrate smadler volcano, is characterised by dispersed

remnantsf r om t he isolated Tepelsk8 and Slavkov volc
thisvolcanicfiel d i s stated to be 22 to 6.25 million year
areas, the volcanic activity took the form of separate eruptions, without the prolonged

subsequent post-volcanic manifestations related to the degassing of cooling magma. There

are no known manifestations of Pliocene to Holocene volcanic or post-volcanic activity within

a radius of 5 km of the promising area for the project design work at the site.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Characteristics that could lead to the disturbance of the repository
via future human activities (ID 2.4)

5.4.8 Presence of old mine workings (ID 2.4.1)

Description of the exclusion criterion

The presence of old mine workings precludes the siting of a nuclear facility.

Assessment results

Data on the various sites wais taken from Havl ovs§

BSezov]i ,lpeorttookv k a, Hor k a-soutld)a, n oMahg d(aH TREh a , Na Skaln
west)

No old or abandoned mine workings are registered at these sites.

There is no risk of any conflict of interest with mined areas, the instability of the area in terms
of old mining burdens or the threat of underground anthropogenic weakened zones.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Li hadl o

No old or abandoned mine workings are registered atthe L i h agitd. o

The only larger-scale mined area lies to the east, outside the defined promising area for the
project design work, in an area featuringaur ani um or e zonRadcdewR Okrouhl
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The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Hr §dek

In the promising area for the geological research of the Hr 8§ ds#& 8 mine workings are
registered in the database of mine workings maintained by the Czech Geological Survey,
consisting of 7 old mine workings and one abandoned exploratory building stone mine working
which reaches a depth of 22 m. They comprise near-surface workings outside the polygons
defined for the promising areas for the project design work.

The identified phenomena are outside the promising area for the project design work.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Kr av?2 hor a

A total of 79 mine workings are registered in the database of mine workings maintained by the
Czech Geological Survey for the promising area for the geological characterisation research
atthe Kr a v 2 sith, ofrwhich 78 are abandoned mines following the mining of radioactive
raw materials and one abandoned asbestos rock exploratory mine, which reaches a depth of
21 m.

Uranium ore was mined to a depth of 900 m below the surface inthe Ol §2 nad i Osl avo
Dr a h oarea. ithe total length of the horizontal mine workings was 141.4 km. A further 52
boreholes of more than 300 m deep were also drilled in the area for exploration purposes.

The results of the assessment indicated the presence of obstacles to the siting of the DGR at
the Krav2 hora sit e ctedidpesitsmnesfa anundergraufd gas stprage t e
facility and the definition of deposit areas for radioactive raw materials and building stone in

the promising area for the geological research inthe Kr a v 2 ardaoeprasents indications of
potential conflicts of interest, as does the presence of old mine workings.

However, administrative and/or technical remediation measures are available with concern to
both conflicts of interest. Regarding the protected deposits area, the options comprise the
adjustment, cancellation or change of the scope of the protected deposits area. In the case of
mined areas and old boreholes, it must be taken into account that they do not occur in the
promising area for the project design work and that this issue can be solved via the application
of technical measures (technical support, filling, etc.). Hence, the Kr a v 2 sith was aot
rejected from the list of candidate sites for assessment based on the defined comparative
criteria.

The information obtained on the assessed properties indicates an obstacle or problem
in terms of meeting the respective requirement, or potential problems with the
demonstration thereof (the risk outweighs the opportunity).

5.4.9 The presence of mineral resources (ID 2.4.2)

Description of the exclusion criterion
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There must be no mineral resource reserves at depths greater than 100 m.
Assessment results
Data on the various sites was takenfromHa v | ov § eti. al . 2020a

BSezovl potok

The assessment of currently available data on the exploration of deposits leads to the
conclusion that current and future human activity involving the economic extraction of building
stone and stone for other purposes will not reach such a depth below the earthé surface at
which conflicts of interest can be expected with the siting of the DGR.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

L etovka

The assessment of currently available data on the exploration of deposits indicates that two
deposits and three potentials our ces at ditdaee udedlocallpor represent unmined
surface deposits, respectively, and that human activity involving the future mining of building
and brick raw materials wi | | not reach such a de thattheylvd
conflict with the siting of the DGR.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Li hadl o

——

The assessment of available data on the exploration of deposits with respect to current and
future human activity in terms of the economic mining of building stone and stone for other

ow

purposes indicates that such activitieswi | | not reach such a depth

which the construction of the DGR is anticipated.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Horka

The assessment of available data on the exploration of deposits indicates the absence of
deposits and predictions of the future exploitation of mineral sources at the Horka site; thus,

such activiteswi | I not reach such aurfateapwhich theednsiruction h e

of the DGR is anticipated.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Hr 8dek

The assessment of available data on the exploration of deposits and current and future human
activities in terms of the economic extraction of minerals, building stone and stone for other
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purposes indicates that such activities willnotreachsuch a depth bel ow
which the construction of the DGR is anticipated.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Janoch (ETE-south)

The deposits and defined reserves of raw materials in the area do not represent potential
conflicts in terms of the disruption of the DGR via future human activities associated with raw
material extraction.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Kr av?2 hor a

The northern edge of the promising area for the geological characterisation research work

t

he

situatedinanarrow zone between Bukov aaarghthdthds beerRo v

defined as a protected area for the siting of an underground gas storage facility. The detailed
definition of the priority status of the DGR and the gas storage facility, the relationship between
the two defined areas and the geo-technological parameters for the two projects remain
uncertain. This conflict of interest can be resolved via the application of technical-
administrative measures.

The information obtained on the assessed properties indicates an obstacle or problem
in terms of meeting the respective requirement, or potential problems with the
demonstration thereof (the risk outweighs the opportunity).

Magdal ®n a

The assessment of currently available data on the exploration of deposits indicates that most
of the mines and two surface deposits at the Ma g d a Isit® ara used locally, and that human
activity involving the future extraction of building and brick raw materials will not reach such a
depth bel ow t he @wilconfli@ with theisitifigafache DERh a t

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Na Sk a(EDiPwast)

There are currently no deposits, protected deposit areas or predicted sources of raw materials
in the defined promising area for the geological characterisation research. The defined area
features just 2 recultivated surface mines, which are currently considered unsuitable for future
re-use.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.
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5.4.10 The presence of underground bodies of water or geothermal
energy sources (ID 2.4.3)

Description of the exclusion criterion

The rock environment must not contain significant water sources or have the potential for the
use of geothermal energy.

With respect to groundwater circulation, the existence of significant bodies of groundwater that
could be permanently contaminated with radioactive substances and/or the presence of
geothermal energy sources preclude the siting of a nuclear facility.

Assessment results

According to a report by Kr aj 2 | e (®0209,tt is adt possible to definitively assess the
presence of significant bodies of groundwater at the sites (i.e. to the extent required by the
safety report); thus, this criterion was assessed in terms of the presence of water sources and
the number of people they supply.

The final proof of zero impact on these sources, including potential measures that ensure their
protection, will be provided as part of the relevant safety report according to Appendix 1, point
1, a), b) and e) of Act No. 263/2016 Coll., the Atomic Act.

The existence of bodies of groundwater with the above characteristics has not been proven at
any of the sites.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

The current state of kno-iwihdealeg the preseace bf movsBurcest a |
of geothermal energy that are potentially industrially exploitable at any of the sites. The risk of
human penetration into the repository or changes in the rock mass due to the exploitation of

the geothermal potential is low.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

5.5 Excluding operational safety criteria (ID 3)

Natural phenomena (ID 3.1)

5.5.1 The occurrence of faults (ID 3.1.1)

Description of the exclusion criterion

The occurrence of a zone with a physically or seismically active fault or other movement of the
earthdés crust that @ nougléadfacility thus hegatively affecanmieugear t o
safety - up to a distance of 5 km, or the occurrence of an accompanying fault precludes the
siting of a nuclear facility,
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Assessment results

This criterion is based on the same research and descriptive reports as those considered by
the Earthquake and presence of potentially active faults (seismic stability) criterion, with the
difference that it relates to the siting of the DGR surface area. The assessment of all the sites
was performedbyL ahod ov § a n (202P)am evads derig&d from the summarisation of
the findingsinHa vl ov 8§ e ti, wighlthe sagh@r2sQlta (see chapter 5.4.5).

With respecttothe BSezovi pot ok, Li hadl o, Hog &kuwat, h )Hr SKlredky, 2
hora, Magdal ®na__a n dwedtksite§ koadlenaht matal o tbelhge and activity

of such tectonic failures is available for the assessment of potentially active faults at the sites.

However, there are no indications of fracture activity at these sites over the last 2.6 million

years. If no potential for movement along fractures has been proven or indicated, it is assumed

that it does not exist.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Lertovka

A significant morpho-l i neament bound to the Gihel fault (1 D]
et al. 2018). This straight running fault slope has a developed clear upper edge, on which

drainage structures have been created comprising deep ravines with short catchments areas.

Such characteristics may indicate relatively young movements along the fault; however, similar
geomorphological manifestations occurred as the result of the recent denudation of the inactive
structure that separates t heTisshabsihgeanitbids, which t he Gi
exhibit differing degrees of susceptibility to erosion. Therefore, the above morphological
characteristics cannot be considered to be unambiguous indications of the presence of a fault

with the potential for displacement. No further data is available on the age and activity of the

tectonic features that might serve for the evaluation of potentially active faults at this site. No

fracture activity has been indicated for the assessed area of this site over the last 2.6 million

years. If no potential for displacement along a fracture has been proven or indicated, it is

assumed that it does not exist.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

5.5.2 Flooding (ID 3.1.2)

Description of the exclusion criterion

The potential for the regular flooding of the land of a nuclear facility due to extreme
meteorological situations with a probability of occurrence of once every 100 years or higher
precludes the siting of the DGR.

Assessment results

This criterion relates to the land of the surface area with respect to the occurrence of floods on
the surface within reach of watercourse floodplains or terrain depressions following the
occurrence of extreme climatic phenomena such as heavy rains or rapidly melting snow. Given
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that the underground part of the repository is connected to the surface area and the entrances
to the underground complex are situated in the surface area, this criterion also covers the
underground part of the DGR.

The siting of the surface areas was considered so as to minimise such conflicts of interest and
to avoid the occurrence of exclusionary characteristics. Thus, all the surface areas are located
outside floodplains. Protection against rapidly melting snow and heavy rains can be assured
by the application of the relevant technical and administrative measures. Thus, it follows that
none of the conditions that suggest potentially dangerous conditions in terms of this criterion
apply at any of the sites.

The criterion was assessed for all the sites accordingto L a h o damd/FBo p e | (20208

BSezovi potok

The surface area is planned so as to be outside the reach of the specified Q100 flood area of
the BSezovl stream.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Lertovka

The surface area is planned so as to be outside the reach of the specified Q100 flood area of
the Bl ¢ a strkam.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Li hadl o

——

The surface area is planned so as to be outside the reach of the specified Q100 flood areas of
the D2 r eyrarsd RadouRsky streams.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Horka

The surface area is planned so as to be outside the reach of the specified Q100 flood areas of
the Balinka and Oslava streams.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Hr §dek
The whole of the surface area is planned so as to be outside flood areas

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.
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Janoch (ETE-south)

The whole of the surface area is planned so as to be outside flood areas

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Kr av? hor a

The surface area is planned so as to be outside the reach of the specified Q100 flood areas of
theBobr Tv ka andMeud kiadstrdarksa

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Magdal ®n a

The surface area is planned so as to be outside the reach of the specified Q100 flood area of
the S mu t str&am.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

Na Sk a(EDiRwast)

The surface area is planned so as to be outside the reach of the specified Q100 flood area of
the Rouchovanka stream.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.
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Factors influencing the management of exceptional situations (ID
3.2)

5.5.3 Proximity to an international border (ID 3.2.1)

Description of the exclusion criterion

This criterion is defined in the MP.22 methodological guidelines in connection with the effective
implementation of protective measures in the event of an emergency situation and the
minimisation of negative impacts on the population.

Assessment results
The criterion was assessed forallt he si tes according to Lahodov§g &

The assessment of the areas on the basis of the management of emergencies was conducted
with regard to the distribution and density of settlements and the development thereof, and the
potential for the implementation of emergency protective measures. The elimination of the
negative factors of this criterion is possible via the application of technical and/or administrative
measures.

The direct distances of the boundaries of the surface areas of the sites from state borders with
Austria or Germany are shown in Tab. 4; the shorter distances to either of the state borders
from the surface areas are provided. Th e L i bite i$ tlasest to a state border, i.e. around
20 km from the boundary of the surface area. This distance has no exclusion value.

Tab. 4 Distances of the sites from international borders

Site Distance in km from the border with
Austria Germany

BSezovl potok 38
Lertovka 39
Li hadl o 20

Horka 44

Hr §dek 39

Janoch (ETE-south) 43

Krav2 hora 66

Magdal ®n a 59

Na Sk aEDUAvest) 26

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

5.5.4 Ensuring access for rescue units (ID 3.2.2)

Description of the exclusion criterion
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The lack of access for fire, mining rescue and ambulance services.

Assessment results

The c¢criterion was assessed for al | the sites

This criterion is defined in the MP.22 methodological guidelines in connection with the effective
implementation of protective measures in the event of an emergency situation and the
minimisation of negative impacts on the population. The assessment of the areas on the basis
of the management of emergencies was conducted with regard to the distribution and density
of settlements and the development thereof, and the potential for the implementation of
emergency protective measures. The elimination of the negative factors of this criterion is
possible via the application of technical and/or administrative measures.

The arrival time of rescue services was verified for all the sites at a maximum of 10 minutes.
In addition, the construction of a fire, mining rescue and paramedic facility is being considered
for the DGR surface areas of all the sites.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

5.5.5 Ensuring information and evacuation (ID 3.2.3)

Description of the exclusion criterion
The impossibility of communicating timely information to, and the evacuation of, the population.

Assessment results

The criterion was assessed for al | the sites

This criterion is defined in the MP.22 methodological guidelines in connection with the effective
implementation of protective measures in the event of an emergency situation and the
minimisation of negative impacts on the population. The assessment of the areas on the basis
of the management of emergencies was conducted with regard to the distribution and density
of settlements and the development thereof, and the potential for the implementation of
emergency protective measures. The elimination of the negative factors of this criterion is
possible via the application of technical and/or administrative measures.

Ensuring the provision of information for, and the evacuation of, the population are not
considered relevant factors at this stage of DGR development. The fulfilment of these criteria
will be ensured via the adoption of the appropriate project technical design measures.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

5.5.6 Ensuring measures against sabotage (ID 3.2.4)

Description of the exclusion criterion
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The inability to secure the facility against sabotage precludes the siting of the DGR.

Assessment results

The c¢criterion was assessed for al | the sites

This criterion is defined in the MP.22 methodological guidelines in connection with the effective
implementation of protective measures in the event of an emergency situation and the
minimisation of negative impacts on the population. The assessment of the areas on the basis
of the management of emergencies was conducted with regard to the distribution and density
of settlements and the development thereof, and the potential for the implementation of
emergency protective measures. The elimination of the negative factors of this criterion is
possible via the application of technical and/or administrative measures.

Securing the DGR against sabotage is not considered a relevant factor at this stage of DGR
development. The fulfilment of this criterion will be ensured via the adoption of the appropriate
project technical design measures.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

5.6 Exclusion criteria in terms of environmental impacts

The occurrence of specially protected natural areas

5.6.1 Occurrence of UNESCO biosphere reserves (ID 4.1.1)

Description of the exclusion criterion

The area designated for the surface area must not feature a UNESCO biosphere reserve
(Article 1 of Ministry of Foreign Affairs communication No. 159/1991, Coll. Convention
Concerning the Protection of the World Cultural Heritage).

Assessment results

The sites were assessed according to Kraj?2] ek

The locations of the surface areas were determined in such a way that conflicts of interest were
minimised and the conditions for the non-application of the exclusion criterion were fulfilled.
Therefore, all the DGR surface areas are located outside UNESCO biosphere reserves. It
follows from the above that the excluding conditions resulting from the given criterion do not
apply to any of the sites.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

5.6.2 Occurrence of national parks (ID 4.1.2)

Description of the exclusion criterion
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The area intended for the surface area of the DGR must not be situated in a national park. (Act
No. 114/1992 Coll.).

Assessment results

The sites were assessed according to Kraj2]ek

The locations of the surface areas were determined in such a way that conflicts of interest were
minimised and the conditions for the non-application of the exclusion criterion were fulfilled.
Therefore, all the DGR surface areas are located outside national parks. It follows from the
above that the excluding conditions resulting from the given criterion do not apply to any of the
sites.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

5.6.3 Occurrence of a protected landscape area (ID 4.1.3)

Description of the exclusion criterion

The area intended for the surface area of the DGR must not be situated in a protected
landscape area (Act No. 114/1992 Coll.).

Assessment results
The sites were assessed accordingtoKr aj 2| ek et al . 2020.

The locations of the surface areas were determined in such a way that conflicts of interest were
minimised and the conditions for the non-application of the exclusion criterion were fulfilled.
Therefore, all the DGR surface areas are located outside protected landscape areas. It follows
from the above that the excluding conditions resulting from the given criterion do not apply to
any of the sites.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

5.6.4 Occurrence of national natural monuments and national nature
reservations (ID 4.1.4)
Description of the exclusion criterion

The area intended for the surface area of the DGR must not be situated in areas with the
occurrence of national natural monuments and national nature reservations (in all cases this
refers to so-called specially protected natural area categories - Act No. 114/1992 Coll.).

Assessment results

The sites were assessedacc or di ng t o Kraj2]lek et al. 2020.

The locations of the surface areas were determined in such a way that conflicts of interest were
minimised and the conditions for the non-application of the exclusion criterion were fulfilled.
Therefore, all the DGR surface areas are located outside areas with national natural
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monuments and national nature reservations. It follows from the above that the excluding
conditions resulting from the given criterion do not apply to any of the sites.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

5.6.5 Occurrence of aNatura 2000 site (Area of European Importance, Bird
Protection Areas) (ID 4.1.5)
Description of the exclusion criterion

The area intended for the surface area of the DGR must not be situated in Areas of European
Importance and must not interfere with Bird Protection Areas (Act No. 114/1992 Coll.).

Assessment results

The sites were assessed according to Kraj?2] ek

The locations of the surface areas were determined in such a way that conflicts of interest were
minimised and the conditions for the non-application of the exclusion criterion were fulfilled.
Therefore, all the DGR surface areas are located outside areas of European importance and
bird protection areas. It follows from the above that the excluding conditions resulting from the
given criterion do not apply to any of the sites.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.

5.6.6 Occurrence of nature reserves and natural monuments (ID 4.1.6)

Description of the exclusion criterion

The area intended for the surface area of the DGR must not be situated in nature reserves or
at sites with natural monuments (Act No. 114/1992 Coll.).

Assessment results
The sites were assessed accordingtoKraj 2 | ek et al . 2020.

The locations of the surface areas were determined in such a way that conflicts of interest were
minimised and the conditions for the non-application of the exclusion criterion were fulfilled.
Therefore, all the DGR surface areas are located outside nature reserves and areas with
natural monuments. It follows from the above that the excluding conditions resulting from the
given criterion do not apply to any of the sites.

The information obtained led to the conclusion that the requirement had been met (the
opportunity outweighs the risk), i.e. no property was identified at any of the sites that
led to their exclusion.
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5.7 Conclusion of the assessment of the exclusion criteria

Based on the assessment of the available data, including data providedbyBut ovi | et al .
Havl ov8 et ,alL.ah20d2o0va88 and Popel ov 8anRifaeddrdander aj 2 | el
with the defined methodology (Vondrovic et al. 2019), it can be stated that none of the sites

are in direct violation oftheex cl usi on criteria according to MP.
t he Kr asite?is there a @nflict with the exclusion criteria related to past mining activities

(IDs 2.4.2 and 2.4.1); however, this conflict can be resolved through the application of the

appropriate technical and/or administrative measures. Therefore, all the sites were selected

for consideration in the second stage of the assessment process.

5.8 Assessment and comparison of the sites according to the
key criteria

The second stage of the assessment process involved the comparison of the sites applying
the key criteria specified in the assessment methodology (Vondrovic et al. 2019).

5.8.1 Criterion C1: Size of the usable rock mass

Description of the criterion: the technical design solution of the DGR must primarily respect

the structural and tectonic conditions of the host rock mass in order to fully meet the various

long-term safety requirements. The potentially usable rock blocks must be at such a depth and

at a sufficient distance from aquifers so as to prevent human access to the waste, to ensure

that the repository is not affected by surface processes and to prevent the rapid migration of
radionuclides into water-bearing fault zones. A sufficient depth for the DGR for the disposal of

spent nucl ear fuel is considered to be several
One of the most important features of the rock environment concerns the density of smaller

fracture zones and larger fractures that preclude the emplacement of waste disposal packages

(WDP) in the rock mass. However, it is not possible to assess this property as part of the

geological research of the surface, i.e. in the initial site selection phase. From the point of view

of feasibility, it should be taken into account that the disposal spaces may intersect with a

number of brittle deformations (faults and fractures), fracture zones and other lithological and

structural inhomogeneities. Simple faults can be remedied during the drilling stage using

grouting compounds, which must be carefully selected so that they do not adversely affect the

various components of the engineered barriers. Areas that feature more serious
inhomogeneities should be excluded. When determining the size of the massif, it is necessary

to take into account sufficient distances from significant faults/fractures both to ensure long-

term safety and the mechanical stability of the underground spaces. The Czech DGR reference

concept considers engineered barriersforthedispo s ed of spent nucl ear fuel
bentonitedo system. The most | imiting condition o
i mit temperature of approxi mately 100AC, at wh
functions of bentonite may occur. The residual heat output of the spent nuclear fuel and the

thermal properties of the engineered barriers and the rock environment thus constitute two of

the most important basic design parameters, important in terms of the assessment of the rock

mass for its usability for the location of the DGR. A further important project parameter

concerns the WDP disposal method. The construction of the DGR is being considered with

one or two disposal horizons. Furthermore, both vertical disposal in wells drilled in disposal
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corridors and disposal in horizontal boreholes are currently being considered. This criterion
was assessed in a report by Butovil et al

Description and assessment of the indicators

Cla - Usability of the rock blocks

Description of the indicator: the indicator is determined as a percentage of the area required
for the construction of the SNF disposal sections and RAW chambers of the total area of the
potentially usable disposal area. The sizes of the disposal areas are based on a project design

(2020

proposal (e . g . Buredg et al 2018 and the updatgezthkadeof
project, Mi xa et al. 2 0 1 9 thatRakes into dcabunvdBtaneds betwkeenth@ 0 1 9)

WDPs determined on the basis of thermal and stability calculations (Kobylka et al. 2019), which
include:

1 thermal properties of the rock and an initial temperature at a depth of 500 m during

disposalthatdonot exceed a | i mit temperature of

DGR,
1 mechanical and physical parameters of the rock that allow for the safe excavation of
the underground spaces and minimise the occurrence of excavation damaged zones.

The area of the underground part of the DGR will be determined based on the above
calculations and data from reports that evaluate the mechanical and thermal properties of

95AC

representative lithologies at the various sites(Pet r ug 8l ek et al . 2017), and

technical requirements for the construction of the DGR (excavation technology, drainage,
ventilation, etc.). For comparison purposes, a conservative option with the largest volume of
excavated material (a combination of the vertical disposal method and machine excavation)
was selected. The minimum axial distances between the WDPs and the various loading
corridors, in combination with the technical requirements for the construction of the DGR
(excavation technology, drainage, ventilation, etc.), will determine the dimensions of the
underground disposal area for SNF. The chambers intended for the disposal of RAW shall be
included in the total disposal area with regard to the determination of the usability of the
homogeneous block only if it is not possible to locate them other than at the same level as that

of the SNF disposal area (500 m beneath the

Quantification: the percentage of the usable area of the rock blocks (promising area for the
project construction work without any areas that are unusable with respect to disposal, i.e.
mainly fault structures).

Results of the assessment of indicator Cla

This indicator was assessed in detail in But ov i | (2020). The Ibasic inputs for the

eart

assessment comprised the areas designated promising for the projectdesignwor k ( Pert ol do

et al. 2019), into which the reference project design was inserted (the underground complex
of the DGR, i.e. the disposal spaces necessary for the disposal of the expected volume of
waste) according to the respective calculations (Kobylka 2018). The area reserve for the
occurrence of category Il faults and fragments deemed unusable for the project were deducted
from the promising areas for the project design work, and the preliminary design solution was
inserted into the most suitable part of the site for site comparison purposes (procedure
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accordingtoBut ovi | et adsessmen r2sbil)s are shinearised in Tab. 5 and Fig.
14.
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Tab. 5 Overall assessment of the sites for indicator Cla accordingtoBut o v i [2028)t al .
Total
Area
considered
PO | US| eatle, | Disposal | Useo
) or| et disposal disposal area the rock Indicator
Site projec P P » blocks grade
design (m?] [m?] [m?] o
work at (%]
repository
depth
[m?]
Eotsolf zZov 12 315 211 503 057 11812 154 | 2944 729 24.93 1.46
Lertov| 10017424 599977 9417 447 1530000 16.25 1.05
Li hadl | 14050927 718 369 13332558 | 2030 466 15.23 1.0
Horka 14 907 830 671 538 14 236 292 | 2497 119 17.54 1.11
Hr §de k| 9861730 0 9861730 2671020 27.08 1.56
Janoch
(ETE-south) 10 169 161 276 484 9892677 2368963 23.95 1.41
Kr av? 5463 370 815 175 4648195 @ 3053775 65.70 3.38
Magdal 5 406 682 364 926 5041756 2134212 42.33 2.28
Na Ska 151606 1092825 8031870 2623746  32.67 1.82
(EDU-west)

Clb Fragmentation of the area

Description of the indicator: the indicator expresses the extent to which the defined suitable
rock mass is fragmented, and represents the number of individual partial rock blocks in which
the DGR can be effectively constructed and RAW disposed of with regard to the size and
shape of the blocks. Due to the current uncertainty concerning the real geological and
hydrogeological conditions, it is desirable that the potentially usable rock environment consists
of as few rock blocks as possible (ideally just one completely compact block).

Quantification: the number of fragmented blocks in the promising area for the project design
work that can be used for the disposal of SNF and RAW.

Results of the assessment of indicator Cl1b

The fragmentation of the area is determined mainly by the presence of continuous faults, which
divide the area into smaller units. For some faults, which only partially impact the promising
area for the project design work, their orientation and length are considered with respect to the
layout of the disposal sections. In the event that such faults negatively affect the potential
location of the disposal spaces, and their presence results in the necessity to divide or
otherwise significantly modify the layout of the disposal spaces, the project area will be divided
into several fragments.
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Furthermore, a situation may arise in which the area is divided into practically unusable areas
(in terms of size, shape and accessibility). In this case, these areas are considered unusable
with regard to the potential siting of the DGR (as with faults), i.e. such fragments are not
included in the consideration of the fragmentation of the area. Area fragmentation was

assessedi n Butovil et al. (2020).

Tab. 6 Overall assessmentofthesit es f or i ndicator Clb according
Site oir'?hgemaiggaﬂﬁoor?] Indicator grade
BSezovl poto 4 2.5
Lertovka 5 3.0
Li hadl o 3 2.0
Horka 6 3.5
Hr §dek 2 1.5
Janoch (ETE-south) 4 2.5
Krav?2 hora 8 4.5
Magdal ®n a 4 2.5
NaSkal n2 mwes$t)E 9 5.0
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Clc Fragmentation of the underground part of the DGR

Description of the indicator: the indicator takes into account the number of parts into which
the disposal spaces for the SNF in the underground complex of the DGR will be divided, i.e.
one compact space or several smaller, interconnected spaces. The division is related to the
spatial requirements according to the final project design and the potential of the sites in terms
of the expected geological and hydrogeological conditions. The division of the disposal spaces
into several smaller areas raises the prospect of potential complications with drainage and
ventilation, the prolongation of the time needed to transport the waste for disposal and
increases in construction costs.

Quantification: the number of parts that make up the SNF disposal space, designed with
regard to the density and orientation of 1st and 2nd category faults, i.e. the layout of the usable
disposal spaces.

Results of the assessment of indicator Clc

The boundaries of the SNF disposal space are defined as encompassing the area that
comprises the emplacement corridors between the sealing plugs. The SNF and RAW disposal
areas are located in blocks of rock that allow for the disposal of SNF in disposal wells
(boreholes) and RAW in disposal chambers. The SNF disposal area includes a reserve of half
the projected distance between the disposal corridors. With respect to the disposal chambers,
this distance is half that of the distance between the chambers. In some cases, the SNF
disposal spaces are divided into several fragments due to the occurrence of an insufficiently
large rock block or block with an unsuitable shape for the location of the disposal areas in one
integral block. For technical and operational reasons with respect to the simultaneous
excavation and disposal approach envisaged during the operation of the DGR, it will, therefore,
be necessary to divide the disposal areas. In other words, the SNF disposal spaces will be
divided into fragments physically separated by areas that are unusable for disposal purposes.
Such areas may comprise fault structures or backbone and connecting corridors. If the disposal
space is divided into two fragments separated by a backbone corridor, this space is included
in the total SNF disposal area. Areas with RAW disposal chambers will be included in the total
disposal area only if it is not possible to dispose of RAW at a higher level than the depth of the
SNF disposal area, i.e. 500 m below the surface. In this case, the area with the RAW chambers

is considered to be a separate fragment. The sites were evaluat ed i n But o \vand|
the results are summarised in Tab. 7
Tab. 70ver al | assessment of the sites for indicator
Fragmentation of the .
Site underground part of Indicator grade
the DGR

BSezovIl pot | 2 1.36

Lertovka 1 1.0

Li hadl o 1 1.0

Horka 2 1.36

Hr 8dek 2 1.36
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Fragmentation of the

Site underground part of Indicator grade
the DGR

Janoch (ETE-south) 2 1.36

Krav?2 hora 12 5.0

Magdal ®n a 2 1.36

Na Skal navest) | 6 2.82
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5.8.2  Criterion C2: Infrastructure availability

Description of the criterion: in order to ensure the construction and operation of the DGR,
with respect to the preparation of the project, requirements are set concerning accessibility for
construction and connection to infrastructure systems, both transport and technical. According
to studies conducted to date, connection to the necessary transport and technical infrastructure
systems is possible at all the candidate sites, thus the differences between the sites can be
expressed only in terms of the financial costs of connecting to the existing infrastructure. Since
the primary aim of this site assessment phase is to reduce the number of sites at which a safe
and environmentally-friendly DGR can be constructed, economic indicators are not yet being
considered. Therefore, only the following indicator was defined for this criterion, which is
currently seen as more relevant than economic considerations:

Description and assessment of the indicator

C2a Potential for the permanent disposal of excavated material in the vicinity

Description of the indicator: the indicator reflects the expected excess volume of excavated
material from the construction of the underground part of the DGR after deducting the expected
volume of the disposal sites for this material in the vicinity (existing quarries within a range of
up to 25 km). During the construction of the DGR, a large amount of excavated material will
be produced. Although it will be possible for a large part of it to be used as building materials,
the demand for this material at the time of the construction of the DGR cannot be predicted in
this stage of the process. Therefore, in this phase of the DGR development process, excavated
material is considered to be a negative DGR construction externality, and the potential for its
disposal near the site of production an advantage for the selection of the candidate site.

Quantification: the excess amount of excavated material, i.e. the volume of generated
excavated material after consideration of the volume of potential disposal sites for this material
in the immediate surroundings of the candidate sites.

Results of the assessment of indicator C2a

The data shown in the table below is based on reportsby But ov i | et al . 2020 ar
et al. 2020. The volume of the excavated material indicates the total volume of such material
from the excavation of the underground complex of the DGR and the volume of material from

the excavation of the below-ground hot chamber. The capacity options for the disposal of
excavated material at the site represents the volume of such material that can, theoretically,

be disposed of in quarries located near to the DGR surface area (driving distance of up to 25
km). The usable volume of such quarries is considered to be the potential volume that will
result in the levelling of the quarry to the level of the surrounding terrain. Future mining at such
quarries, i.e. a potential increase in the disposal capacity is not considered. The results of the
assessment of the candidate DGR sites are setoutinBut ov i | e & surarhary ofzh@é 2 0
results is presented in Tab. 8.
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Tab. 8 Overall assessment of the sites for indicator C2aaccor di ng to Butovil
Total Cgpacity
excavated | the disposal | EXCESS

Site :,nvﬁthegﬁl O:nzgﬁ\;?ﬁd material Indicator grade

backfill the site [m?]

[m?] [m?]

BSezovIl p 6878000 5212 000 1 666 000 1.95
Lertovka | 5556000 2 250 000 3306 000 2.88
Li hadl o 6 813 000 1 890 000 4 923 000 3.8
Horka 7 664 000 2 040 000 5 624 000 4.19
Hr §dek 6 266 000 7 700 000 0 1.0
Janoch (ETE-south) | 7 491 000 1 050 000 6 441 000 4.66
Krav?2 hor| 7364000 2 520 000 4 844 000 3.75
Magdal ®n a 6885000 3 000 000 3885 000 3.21
(NEEU_V?e';t)a ' "* 8634000 | 1590000 7 044 000 5.0

5.8.3 Criterion C3: Describability and predictability of the homogeneous
blocks

Description of the criterion: the geological conditions of the repaository must allow for the
creation of a reliable complex spatial geological model. The depth extent of the rock mass must
be sufficient with regard to the maximum expected depth of the repository (minimum of 400
m). An unacceptable degree of uncertainty in terms of the identification and description of
regional and local fault zones and other geological structures may preclude the siting of the
repository. However, in this phase of the DGR site selection process (the reduction in the
number of candidate sites from 9 to 4), involving the conducting of mostly surface geological
research, this factor will not necessarily be considered to be excluding, but may be used for
the comparison of the sites.

Description and assessment of the indicators

C3a Degree of the brittle failure of the massif - fault structures

Description of the indicator: the indicator reflects the number and extent of fault structures
indicated to date and the age of movements along such faults, if known. Faults are classified
according to the SKB classification (Andersson et al. 2000). From the point of view of the
suitability of the sites, the degree of brittle failure should be as low as possible since fault
structures represent both significant mechanical weaknesses in the rock mass and preferential
groundwater pathways, especially in crystalline rock environments. Their distribution and
character exert a significant impact on the assessment of site suitability. The nature of faults
is given by the SKB classification system compiled by Andersson et al. (2000), according to
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which a 1st category fault comprises the most significant structure, which could lead to the
significant mechanical weakening of the rock massif. Moreover, such faults may act as
preferential groundwater pathways or as barriers. Furthermore, they may be associated with
extensive alterations and fracturing in the rock environment. Category 2 faults are of a lower
extent than category 1 faults. The spatial distribution of faults also exerts a significant effect on
the assessment of suitability. For example, it is more advantageous if the faults in a given block
(polygon) are concentrated in two tectonic zones with a relatively homogeneous rock
environment between them than if the faults are distributed throughout the polygon in the form
of a regular dense network.

Quantification: the evaluation of the indicator for each site compared to the other sites: 1 -
lowest degree of brittle failure via fault structures, i.e. the absence of first and second order
structures according to the SKB classification, 51 a high degree of brittle failure via the fault
structures of several systems; the presence of a large number of fault structures of all orders.

Results of the assessment of indicator C3a

BSezovl (Hatvdl v®20a)t al

Agradeof3. 5 r anks t h esitdBiStheznuddlé of theolist of lassessed sites. There
are four 1st category and 26 2nd category faults in the area covered by the regional 3D
geological-structural model.

Of the four 1st category faults (IDs 6, 9, 12 and 17), two NNW i SSE faults (IDs 6 and 17)
occur outside the perspective area for the geological characterisation research, and fault ID 9
tapers out in this area. All the 1st category faults meet the condition of occurring outside both
of the promising areas for the project design work atthe B S e z o v T site i®tthe korthern
block with an area of 6.46 km? and the southern block with an area of 6.91 km?. The courses
of all four faults were verified via detailed geophysical research using electrical, seismic and
gravimetric methods; moreover, the hydraulic functions of IDs 6, 12 and 17 were verified, and
information on fragments of veined quartz had previously been documented via local
geological mapping. Therefore, the various faults drawn on the geological maps were verified
up to the peripheral sections thereof.

Category 2 fault systems occur in several directions, the most significant of which are oriented
NW-SE to NNW-SSE and the less significant E-W to N-S. Due to the indistinct relief and low
level of exposure of the site, only a small number of such faults were documented by previous
geological mapping. Most of the tectonic lines were confirmed, therefore, by a mixture of
geophysical methods, particularly electrical and seismic (DOP, MRS and, to a lesser extent,
ERT) and gravimetric techniques. The hydraulic functions of these smaller 2nd category faults
- in contrast to the 1st category faults - were documented only exceptionally in connection with
the remediation of the economically intensively-used landscape.

Many of the groups of 2nd category faults are - similarly to e.g. the L e r t csite kgeade 3.3) -
located either only in the paragneisses of the Moldanubian, or run from these paragneisses to
granodiorites, where they quickly taper out and do not affect the homogeneity of the target
lithology - granodiorites (e.g. fractures: IDs 10, 38, 194, 195, 196, 198, 208 and 212). Only 10
2nd category faults of a total of 26 run into or directly occur in the rock polygon of the promising
area for the geological characterisation research. Although the assessment of the fault network
related primarily to the area covered by the regional 3D model, the respective expert team also
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took into account that the promising area for geological characterisation research is affected

by the fault systems and considered the extent to which these fault systems do not impinge

upon the area of interest. Hence, the expert team decided to awardt he B Se z siteWithp ot o k

an average grade, similar to that of t h e L e site,avliidh &vinces similar phenomena to

thoseof BSe z o v T .eplstabelory(faults and a proportion of 2nd category faults outside

the promising area for the geological characterisation research) . The Lihadlo (3.8
Sk al n2 mwest)EIBYsites received fivorsedmarks, especially with regard to the fact that

strong 1st category fault zones run through the centres of these sites, i.e. through the promising

areas for the geological characterisationresearch. Al t hough the 1st categor)
runs throught he mi ddl e o £3) sitehiedoed no§abrapkise & frong tectonic zone,

but rather one discrete structure, from which exceptionally homogeneous fault-free areas lie

to the east and west. With respect to the Horka site (2.8), the tectonic zones can be interpreted

more in terms of fractures than faults, while at the L e r t ositek(3&3), all the 1st category

fractures are located outside the target T i sgdkahite.

Lerto(vikkaavl ovg et al. 2020b)

Agradeof 3. 3 r an k ssitet rbughly inghe middielofathe list of assessed sites in
terms of the influence of faults.

Two 1st category faults feature in the area covered by the 3D structural-geological model;
however, both faults occur on the boundaries of the T i srkck mass (the target lithology for
the DGR) and do not interfere with it.

The ID2 fault (zone), running NNE-SSW (monitored via branches ID 2a and ID 8), is referred

t o as t he Gdorhpedes tlieanast signif@amtdectonic structure at the site. This fault

line has been very well documented morphologically, geologically and geophysically via a

number of methods (DOP, VES, TDEM, ERT, MRS, RXS and GRAV) for all 5 profiles that

cross t he F@MNthedast, tha fadlt serves to limit the intrusion of the T i s rkaksif

and defines the granite/permocarbon boundary. The fault inclines atan angle of 70i8 0A t o t he
east and the weakening zone is 300-800 m thick, with the presence of mylonitisation,
silicification and, rarely, hematisation, with vein quartz occurrences in places. The significant

hydraulic function of the entire length of the documented fault (approx. 10 km) has been

verified.

The ID 1 1st category fault running NE-SW and inclined at 70-8 0 A i n t h eroulilyr ect i on
320 A ooothaNWsdge of the studied area; although it represents an important geological

interface between the Bohemian and the permocarbon, it does not manifest itself
morphologically, geologically or geophysically in the area. This fault is sufficiently distant from

the intrusion of the T i srkabsif that it does not impact the promising area for the geological
characterisation research, let alone the polygons that comprise the promising areas for the

project design work.

Atotal of 32 2nd category faults have beenrecorded atthe L e r t ite. KN&/-SE faults (WNW-
ESE) dominate, accompanied by less abundant faults running E-W. Although there are a large
number of documented fault lines, the evaluation of criterion C3a took into account that a
number of 2nd category faults occur outside the intrusion of the T i snka$sif (especially in the
permocarbon) and do not affect the target rock, e.g. IDs 14, 18, 12, 15, 93, 47, part of 11 and
17. It was also taken into account that some faults are evident only from the morphology; their
geophysical expression is weak and they may represent fracture zones without a displacement
component or, especially in the NW-SE faults, they may comprise older, originally fractured

80



The selection of potential sites for the Czech deep geological repository in the next stage of
research from 2020

movements that subsequently reactivated in the form of fracture structures. This indication is
also supported by the study of fracture systems via DFN modelling, where they are observed
as a dominant set of subvertical extension fractures mainly with no mineral fillings in the
direction roughly WNW-ESE to WSW-ENE.

A further important structure comprises ID 11 (the Kr a |- i nsf&ult zone) in the E-W direction
of a subvertical slope, along which occur several small effusive bodies of olivine nephelinite of
the Neogene age. This tectonic line was documented as a validated line crossed by five
geophysical profiles with a significant anomaly according to the DOP method, but with weak
or no anomalies according to other geophysical methods (VES, TDEM, RXS), and with a
probable hydraulic function. Hence, it remains uncertain whether it is a fault or only a weakened
fracture zone serving as feed channels for volcanic rocks.

The rock polygons of the promising areas for the project design work, L e r t o M \kith a size
of5.47km?a nd L e r$ withvasize of 4.83 km?, have been geologically and geophysically
well documented. The northern polygon is crossed by 8 geophysical profiles and the southern
polygon by 5 profiles. Both areas are only slightly affected by faults - the northern area features
one fault (ID 55), which exhibits only weak morphological geo-indications and insignificant
anomalies according to the various geophysical methods applied - strong DOP, weak TDEM,
MRS and RXS. The protruding ID 66 fault has been documented in the southern rock polygon,
traversed by the protruding ID 16 fault.

Although a large number of category 2 faults are evident in the 3D model, the above-mentioned

main arguments were taken into account in the expert assessment of the grade for the site,

i.e. neither of the category 1 faults interfere with the T i srkabsif, a number of 2nd category

faults are situated outside the T i srkabsif in the permocarbon and a number of category 2

faults exhibit weak indications and may represent reactivated fracture movements. Therefore,

the Lertovka si grade of 8.3 (i.eafiveao rtehelaona Hr 8 d and Janddlo r k a
(ETE-south)), but fbetterothan Mag d a| ®B x, ( Bi IBpaddBS e(zo v 1 .Hwotich k ( 3
although they feature fewer faults, these faults affect the homogeneity of the target lithology

more significantly than atthe L e r t itek a

LihattHav!l ov®20©t al

Agrade of 3.8r an k s t h esite inithircapdlatedfrom the bottom of the rankings of the
assessed areas. It should be borne in mind that, according to the methodology of the site
assessment process (Vondrovic et al. 2019), none of the sites at which a 1st category fault
occurs can be rated 1, and that the values of the nine sites must, therefore, be in the range of
2 to 5. There are two 1st category and 23 2nd category faults in the assessed area according
to a special-purpose tectonic map (1:25,000) o f t h e sltei d¢f which ®6 2nd category
faults extend into the area of the promising area for the geological characterisation research.

Two significant tectonic zones occur in the area covered by the 3D structural-geological model
comprising 1st category faults, i.e. the N-S so-called Lodher fault zone made up of the 1st
category ID 1 fault and 2nd category faults IDs 81, 130 and 131, that fragment and taper out
in the central part of the studied area. This structure was verified in detail by four E-W-oriented
complex geophysical profiles (ERT, MRS, DOP) and are, therefore, interpreted as verified fault
structures. The width of the tectonic zone in its northern part has been determined via
geophysical measurements at around 300i 800 m, and in the southern part at around 15071 300
m. The fault is accompanied by extensive cataclasis and has a significant hydraulic function;
itinclines at between70-8 0A t o t he west .
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The second 1st category fault (ID 2) comprises a tectonic zone running in the NE-SW direction
together with 2nd category faults IDs 28, 32 and 33. This tectonic zone of regional importance
is recorded in archived maps and was verified via technical research in connection with
uranium mining; its course was updated via five geophysical profiles that crossed this fracture.
The fault zone inclinesatan angle of 80A to the NWeaturess
mylonitisation and cataclasis, numerous springs and (outside the area) uranium mineralisation.

Numerous 2nd category faults running NW-SE to NNW-SSE with an inclination of around 7 0 A

to the SW occur in the NW parts of the area covered by the 3D structural-geological model
(IDs 7, 8, 9, 10, 128, 129 and 58). These faults feature predominantly in Moldanubian rocks;
however, they also intrude into the Klenov pluton, where they usually taper out after around 2
km. The faults exhibit dominant dextral kinematics and vary in terms of contact between the
pluton and the Moldanubian by hundreds of metres. In many cases, they exert a hydraulic
function and mapping has recorded quartz veins and numerous striations on granite fragments.
Virtually all the faults concerned have been verified both via geophysical anomalies (especially
DOP, |l ess ERT, MRi&geaaygidal nixBoig ancharedecorded in the geological
map as verified faults.

I't can be st at esile featbrestintensiteefaulting, lespecially in the eastern and
northern parts of the assessed area and less so in the western to south-western part of the
area, where the larger promising area for the project design work is located. The total number
of faults and their nature and high degree of verification led the expert team to award a grade

100

of 3.8 since the faulting of the site is essentially similar to the fault networks atthe Ma gd al ®n a

and Na Sk al navest) git€s@nd is significantly more intense than atthel_ er t ov k a

Horka (2.8) andBSe z o v T .9 sitesoWher( d&ciding on the grade, the afore-mentioned
high level of the verification of the tectonics and, thus, the recording of the faults as verified (in
contrast to e.g. the Horka site) was also taken into account. Most of the faults have been
documented via two or more geophysical profiles with evidence of significant anomalies,
especially according to electrical methods; moreover, manifestations of the faults were found
to be significant during field geological mapping (shifts in the lithological interfaces, crushing,
quartz veins, springs, striations on fragments, etc.).

Horka( Hav |l o v®20&)t al

The grade 2.8 ranks the Horka site in third place in terms of the impact of fracture structures.
The area assessed in terms of structural tectonics features 7 1st category faults (IDs 2, 6, 7,
8,9, 12 and 13). Three 1st category faults (IDs 2, 8 and 12) run through the promising area for
the geological characterisation research, of which ID 8 closely follows the western boundary
of the rock polygon of the promising area for the project research work, and faults ID 2, running
N-S, and ID 12, running NE-SW, run through the middle of the promising area for the geological
characterisation research and serve to separate the rock polygons that make up the promising
areas for the project work. The category 1 faults at the site have, generally, been verified by
geophysical measurements only to a minor degree and, with respect to the Horka site, it was
extremely difficult to interpret the measured values in terms of deciding whether the structures
comprised fault or only fracture zones (see below). The faults have been documented only
sporadically on the surface via geological mapping; the terrain is not well exposed, and veins
of hydrothermal quartz, alterations and springs were not usually found to accompany the faults,
as is the case of the other sites.
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A number of structures interpreted as faults exhibit indications of deformation at relatively high
temperatures (i.e. in the initial phase of pluton placement), as indicated by ductile deformation,
which is evident by the direction of feldspar outcrops (from the ID 2 1st category fault),
subsequently accompanied by fracture systems, as documented by the DOP results
concerning geophysical anomalies (extensive shallow zones with reduced resistance).

A number of 1st category structures (IDs 7, 8 and 9), partly recorded by surveys conducted by
the Czechoslovak uranium industry, evince no field geological indications, and the structures
were interpreted as faults only on the basis of various more or less significant resistance
anomalies, sometimes accompanied by reduced seismic velocity zones.

Only faults ID 6 and ID 13 (1st category), located at considerable distances from the edges of
the promising area for the geological characterisation research (ID 6 approx. 2.5 km SSE from
the southern edge, ID 13 approx. 3 km NW from the western edge), evince significant
indications of fault structures, i.e. they have been recorded via geological mapping, feature a
number of springs (in the case of ID 6 with a hydrogeological borehole with a flow rate of 2 I/s)
and represent significant anomalies according to the results of the DOP and MRS methods.

Furthermore, a total of 17 2nd category faults are present in the area assessed in terms of
structural tectonics, of which 11 faults of various lengths extend into the promising area for the
geological characterisation research; however, significant sections of the courses of only 7 of
these faults (IDs 1, 24, 20, 78, 94, 167 and 33) extend into this area. The other 4 faults (IDs
47, 48, 113 and 162) only marginally encroach upon the promising area for the geological
characterisation research. Six 2nd category faults (IDs 14, 29, 19, 53, 158 and 80) occur in the
area assessed in terms of structural tectonics; all of them are outside the promising area for
the geological characterisation research.

The determination of the grade of the impact of faults at the Horka site considered not only the
number of faults and their location, but also the knowledge available on the intensity of
anomalous manifestations according to geophysical research measurements and the degree
of verification provided by geological mapping assessed in terms of structural tectonics.

With regard to the specific situation at the Horka site, the following text provides a detailed
explanation of the interpretation of the geophysical anomalies.

Massive intact durbachites att he Hor ka and NwestSskes kexhibitratandeedD U

electrical resistances of 800-2 0 0 0 g at theaMagddalena site of 600-2 000 q. Compar ed

granites, durbachites generally exhibit lower resistances, which corresponds to the laboratory
research results (higher conductivity was determined - inverse resistance value). With respect
to certain faults (e.g. the above-mentioned ID 6 fault traversed by the HOR-01 profile at station

2280 or 10 380), a noticeable decrease was detectedinther e si st ance to 5d q,

a crushed and saturated environment, i.e. a clear indication of a fault structure. However, with
concern to most of the other faults mentioned above, the decreases in conductivity were not
so considerable that they clearly indicated the mechanical failure of the durbachite by the
respective fault. Examples are provided here of measurement stations on fault indications:

fault / profile / station:

ID 1/HOR-03A /6800 m,
ID 2/HOR-09 /4200 m,
ID 2/HOR-11/3030 m,
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ID 7/HOR-01/800 m,
ID 8/ HOR-03A / 1450 m.

The resistances at these stations ranged between 350 and 900 q, thus, it was not possible to
unambiguously interpret the structures as fault zones; they may indicate fractures or the

deeper selective weathering of the durbachite. The resistances of clearly identified faults

usually range up to 100 q and, with respect to significant fault zones with hydraulic functions

(such as in the granites of the LbettBdl nohod&s®SO
fault), the resistance values drop sharply to 10-20 q .

The situation at the Horka site was also specific in terms of the interpretation of the velocity of
seismic waves for shallow refractive seismicity. According to laboratory research, the velocity
of seismic waves in intact durbachite should reach around 6000 m.s*, a velocity that was
achieved only rarely for the Horka site, where average velocities of 2600-3200 m.s! prevailed.
Indeed, several geophysical profiles at the site evinced decreases in the velocity of seismic
waves (over thousands of metres) to just 12007 1600 m.s, which corresponds to sedimentary
rather than intrusive rocks. Therefore, it was decided that it was not possible to consider solely
shallow refractive seismics for the interpretation of faults at the Horka site since the results
clearly reflected the widespread weathering of the durbachite at around 50-100 m beneath the
surface.

As can be seen from the above, the documentation of faults at the Horka site was extremely
complicated, due to the lack of the geological manifestation of faults in the geological mapping
and the non-occurrence of the significant manifestation of geophysical anomalies. A number
of apparently 1st and 2nd category faults were recorded conservatively as faults, even given
the considerable degree of uncertainty as to whether they were in fact merely fractures or
components of the deeper weathered durbachite regolith. Hence, most of the uncertain parts
of such features were recorded as (unverified) faults. Moreover, a number of failure zones
longer than 1 km were included as 3rd category faults since, when deciding whether to interpret
geophysically weakened zones as faults or fractures, the conservative approach was applied
and they were recorded as category 3 fault lines. In addition, these category 3 faults were
(following the conservative approach) recommended for inclusion in the creation of the
hydraulic and feasibility models.

When assessing the site, the expert team took into account all the above aspects. It was
accepted by the respective experts that, in comparison with the other sites (where not so much
archived data was available from surveys conducted by the Czechoslovak uranium industry),
the author of the structural-tectonic evaluation of the site rightly recorded the fault network in
a highly conservative way. This approach was important particularly in terms of potential future
research, i.e. it is important to be aware that many of the suspected 1st and 2nd category faults
may prove not to be fault zones but merely fractures or features of the deeper selective
weathering of the durbachite rock environment.

Taking into account all the above uncertainties, the expert team awarded a grade for the Horka
site of 2.8, which is fivorseo than the slightly fault-disturbed Janoch (ETE-south) (2.0) and
Hr 8 d e k sités2but3wvhich positively reflects the various uncertainties in comparison with
the more intensive and well-proven fault networks at those sites featuring granitoid formations
such as Lent ovBkSae z(035) ,p oltiohBa)d(l n d( 3Ma g5).aThe@Naa ( 3
Sk al n2 mwes$t)siie bas a significantly different structural fault plan than that of the Horka
site, and is characterised by a well-proven and documented network of significant 1st and 2nd
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category faults; hence, this site was awarded a grade that is one degree fivorseq i.e. 3.9.
Although the number of faults alone is not decisive in terms of determining the grade, the
number of 2nd category faults at the Horka site (17 in total) was lower than at most of the other
sites (the number of 2nd category faults at selected sites was: BdSweiz pot ok 26,

Lert

Li hadl o 23, N awesS)k a3 (h,2 mK r( é@abdH rhHd eak 2154 ) . However,

emphasised that the nature of the fault networks of both categories, the degree of verification,
the location of the faults and the intensity of their incidence were all taken into account when
determining the grade, not simply the number of faults.

The afore-mentioned conservative approach, that resulted in the consideration of the
occurrence of faults on weak geophysical anomalies which might have been verified as fracture
areas or deeper weathered zones at better exposed sites, led to the interpretation of the
tectonic scheme of the area as having a number and direction of faults that reflected the most
critical assessment variant. Nevertheless, a relatively small number of category 2 faults were
identified at the Horka site compared to the other sites, and it is safe to assume that some of
them will be confirmed as fractures or weathered zones rather than faults following future
geological research.

Hr §detkav!l ovg et al. 2020e)

T h e Hrs8edcenkists of a deeply-established and clearly-delimited oval vertical intrusion
of a granite massif of to lymnites efSHe rEisdarn type @mred,a
monotonous Moldanubian group. The depth of the intrusion according to gravimetric data has
been estimated at a minimum of 10 km.

ntr ui

Al t hough the intrusion of the dreedScdumeatidinpdetailt on an

via 14 geophysical profiles using several surface geophysical methods, as well as area-
measured gravimetry and one regional E-W geophysical profile using deep vibration seismic
methods and TDEM, only one N-S 1st category fault (ID 99/129) (theso-c al | ed Do
fault) was detected in the promising area for the geological characterisation research; the fault
exhibits a hydraulic function. This fault was verified in detail via a number of E-W geophysical
profiles. Furthermore, 14 2nd category faults have been documented, of which only 5 are
| ocat ed i ninttusion (IDs@&632148e1k4, 61 and 35), two of which form the northern
stratification of the afore-mentioned Do | n o h u S §isi61 ahcald4). t

The ID 62, 144 and 179 faults represent, at least in part, marginal subvertical failures on the
eastern and western contactsof t he LeS2nek intrusion wit
rocks, and, most likely, do not interfere with the said intrusion. The courses of these faults are

h

nohus

Ei sg

related to the above contacts. The other 2nd category faultsoc cur out si de the Le$S

and outside both of the promising areas for the project design work.

Although the assessment of the occurrence of faults concerned the area covered by the
regional 3D structural-geological model, the consideration of the geological documentation and

the geophysical profiles that extend into the promising area for the project design oftheHr 8 d e k

site - SE with an area of 6.9 km? (8 profiles in total), suggests that it is highly probable that
there are no undetected significant fault structures in the SE rock polygon and that the area is
exceptionally homogeneous.

The western polygon of the promising area for the project design work atthe Hr 8§ dsitek NW
with an area of 3.4 km?, is burdened by a higher degree of uncertainty due to the smaller
number of geophysical and geological profiles (5 profiles in, or close to, the rock polygon);
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however, according to the course of faults (IDs 35, 179 , 99 and 164), this area also appears
to be homogeneous and unaffected by 2nd category faults.

Compared to the other sites, itiscleart h a't t he gr ani tsiesespecfallythhe Hr §d
L e S 2 inteusions, comprise large areas that are unaffected by 1st or 2nd category faults,

which is similar only to the situation at the Janoch locality (ETE-south). However, the above-

mentioned 1st category fault (ID 99/129) occursi n t he mi dd| esiteoAthoughhae Hr §de
number of significant 1st category faults have been documented for the Janoch (ETE-south)

site, all of them are located at a considerable distance from the promising areas for the

geological characterisation research and the project design work, and do not impact the
homogeneity of the promising area for the potential siting of the DGR. Thus,t he Hrsi®de k

was awarded a grade of 2.3 and the Janoch (ETE-south) site the highest grade of all the sites,

i.e. 2.0. According to the site assessment methodology (Vondrovic et al. 2019), no site at which

a 1st category fault occurs can be graded 1. Since the other sites feature more fracture

structures of all orderst han t he Hr 8dek -sauth)l sitek,ahey were awaklddE

higher grades (i.e. worse ratings).

Janoch (ETE-south)(Havl ov§8 eff al. 2020

A grade of 2.0 ranks Janoch (ETE-south) in first, i.e. best, position of all the assessed sites. A

zone of inclined 1st category faults (IDs 8 and 11) (the HlI u b o k § fthe (DI 15 fault,andd

two 2nd category faults (ID 12) (the Z b u d o Vasltk dnd ID 16 (the B | a t fauk) fun in the

NW-SE direction at the southern edge of the 3D model area. These faults delimit the
northernmost edge of the Cretaceous basin and they are well defined geomorphologically,
geologically and geophysically. These faults incline steeply to the SW with a declining
component,fromwhi ch the rocks of the L eskityadedoddlgdovi ce
5 to 9 km from the nearest corner of the promising area for the geological characterisation

research and do not affect the homogeneity of the area.

A second zone with 1st category faults occurs in the NW tip of the studied area, i.e. faults ID
24 and 25 that represent parts of the tens of kilometre-long line of the Vitava shear zone,
according to which, during the Variscan, the south-eastern thrusting occurred of the northern
Podolskl complex through a monotonous series of the Moldanubian. This zone is also well
defined geologically and geophysically, although ductile mylonitisation dominates over brittle
deformation. Abundant quartz veins are present and the hydraulic function of the zone has
been recorded. The faults in this zone are located 10 to 12 km from the nearest corner of the
promising area for the geological characterisation research and also do not affect the
homogeneity of the area.

Even most of the 2nd category faults are located relatively far from the promising area for the
geological characterisation research. The central part of the area studied for the potential siting
of the DGR has been documented in extraordinary detail via a total of 11 geophysical and
geological profiles, and the whole of the area was mapped in 20161 2017 at a scale of 1:10,000.

The promising area for the geological characterisation research features only three 2nd
category faults (IDs 1, 2 and 39), which indicates the lowest degree of failure of all the sites.
Moreover, the ID 1 and ID 2 faults evince only weak anomalies according to the DOP, MRS
and ERT methods, they have no hydraulic function and were primarily identified via
geomorphological analysis rather than by geological mapping. The question remains,
therefore, whether they are in fact fractures; nevertheless, the anomalies were conservatively
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recorded as faults. The ID 39 fault running approximately E-W penetrates into the promising
area for the project design work, where, however, it gradually tapers out.

With respect to the Janoch (ETE-south) site, it can be stated that the vast majority of 1st and
2nd category faults occur at considerable distances from the central part of the studied area
and the promising areas for the geological characterisation research and the project design
work, and the homogeneity of this area is not violated, with the exception of the three
insignificant 2nd category faults mentioned above. Hence, the expert team awarded a C3a
indicator grade of 2.0, thus classifying this area as the least fault-affected of all the assessed
sites.

Krav? (Havda ovs§8 et al. 2020g9)

Agradeof5 r ank s t h steiKlasapositionlinahe assessment of the sites, significantly
behindthepenul t i mat e NaweS)ksitel|grader8.9)( TBedréhsons for the negative
assessment are as follows:

A total of 4 significant 1st category faults were verified (IDs 5, 10, 173 and 160)at t he Kr av ?
hora site, all of which run approximately in the NNW-SSE direction and are present in the
promising area for the geological characterisation research and closely border the promising
area for the project design work. The faults evince signs of polyphase reactivation and are
bounded by hydrothermal manifestations (mined U mineralisation, quartz veins, alteration, Cu-
Fe mineralisation, chloritisation, and intensive tectonic disturbances surrounding the faults
comprising shear and extension fractures); the ID 10 fault also exhibits a significant hydraulic
function. The faults were documented in detail via five E-W geophysical and geological profiles;
hence, their presence in this part of the site is considered sufficiently verified and, in the
northern part of the promising area for the geological characterisation research their presence
is considered probable.

Furthermore, a total of 25 category 2 faults have been recorded at the site, with a predominant
direction that is perpendicular to the category 1 faults, i.e. ENE-WSW. Moreover, these faults
are oriented perpendicular to the regional structure and shift the main lithological boundaries,
often accompanied by calcification and alterations. The faults present in the promising area for
the project design work have been well documented via several geophysical methods
(particularly ERT, DOP and RXS): the area was studied via 5 transverse profiles (including a
regional profile that used deep vibration seismic and TDEM methods) and 4 directional profiles.
The faults were also confirmed via geological mapping; thus, they are considered to be verified
faults.

The frequency of 1st and 2nd category faults, coupled with the fact that the studied area of the

Kr a v 2 sithistheassmallest of all the sites, significantly exceeded the frequency of faults at

the other candidate sites. Moreover, the fact that the faults either directly traverse (2nd

category) or run close to (1st and 2nd category) the promising areas for the project design

work contributed to the negative assessment. Hence, with respect to the C3a indicator, the

Kr a v 2 sitbwas assigned a grade of 5, significantly behind the two next-worstNa Skal n2 m
(EDU-west) (3.9) and Mi#éegdal ®na (3. 5)

Ma g d a | (@aav letalv 2020h)

Agradeof3.5rankst he Ma gsita(lt®nget her wi t h sitehietheBridleod v p o't
the list of assessed areas.
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Two significant tectonic zones feature in the 3D model, made up of 1st category faults, i.e. the
N-S so-called Sepekov fault zone comprising the ID 10, 46, 47, 48, 49 and 50 1st category
faults that diminish and taper out at the SW tip of the studied area, and an intensive NNE-SSW
structure known asthe Bo g e j o v i c ethat ismade up af the I® 51, 52, 53, 54 and 55
1st category faults which, in combination with 2nd category faults, divides the promising area
for the geological characterisation research into two halves.

Both of the afore-mentioned tectonic zones create anastomosis structures of around 500 m in
thickness, which were determined to be significant via a number of geophysical methods (ERT,
DOP, MRS). The fault zones are accompanied by intense alterations, mylonitisation, the
formation of powerful quartz-tourmaline veins and the claying of the host rock. The declination
of both structures is subvertical, and while their extent is unknown, due to the intensity of the
manifestations in the erosion section, their significant depth can be assumed. The hydraulic
function of the two zones could not be verified due to the extremely intense reclamation of
drainage land, which has served to obscure the natural hydrogeological regime of the
groundwater in the subsurface zone around the fault areas.

In addition to the two tectonic zones mentioned above, a total of 15 2nd category faults have
been documented at the Ma g d a Isi®rvia a number of geophysical methods, of which 8
such faults occur within the promising area for the geological characterisation research. They
occur principally in a system of faults running from NW to WNW-W to ENE (e.g. IDs 1, 28, 29,
58, 61 and 66); they have been well verified via geophysical methods and are recorded mostly
on geological maps as verified faults. Cataclasis and, occasionally, quartz-calcite fillings with
the pyritization and chlorination of the host durbachite, often occur in these faults. All these
faults have been interpreted as subvertical according to ERT and MRS anomalies.

I't can be st at e dsite ibralatively mtensivély fudt-aisti@®edi(which was not
known prior to the geophysical research) and that the character of the faults is similar to that
oft he BSe z aite{thugp ibwas dwarded the same grade of 3.5) and only insignificantly
less disturbed than that of the L i h a d.B)oand (EBU-west (3.9) sites. The presence of
numerous of faults, as well as the enormous number of leucogranite, aplite and quartz veins
(often with edges crushed by extension and shear fractures and, most likely, also small local
faults) was the main reason that only two relatively small rock polygons were defined at the
Ma g d a Isi® forathe project design work (4.2 and 2.1 km?), both on the northern border of
the promising area for the geological characterisation research in the relatively more
homogeneous part of the studied area which, nevertheless, features 2nd category faults.

Na Skal n?2west)(HaDW o v.8026it al

Agradeof 3. 9 ranks t h-svessite(Stkaad ent2hme r( EWiIUt h t he
sites, 3.8 and 3.5, respectively) among the most fault-disturbed of the assessed sites. A more
complicated fault structure was determinedo n | y at t hgte (K0). & shéuldveoborae
in mind that, according to the site assessment methodology (Vondrovic et al. 2019), no site
that features a 1st category fault can be graded 1 and that, therefore, the grades of all nine
candidate sites were determined in the interval 2 to 5.

The assessed area covered by the regional 3D model features 4 1st category faults (IDs 1,2,3
and 4) and 50 2nd category faults, which represents the highest number of faults of this
category of all the assessed sites. The 1st category faults form a massive fault zone running
WNW-ESE to NW-SE, that has been well documented by geological research. The zone is
made up of massive faults that usually feature several branches marked with separate IDs, i.e.
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theLi pni ce/ VI |zane (tDk ®+ 5f 8aand 52), an unnamed fault zone that follows the

Lipnice fault (IDs 1,2,3+10and32) and a powerful fault zone kno
zone in the northern part of the area which is made up of a number of 2nd category faults (IDs

14, 16, 48 and others). Subvertical slopes are considered for all these faults.

The promising area for the geological characterisation research features three 1st category
faults, of which ID 4 closely follows the northern boundary of the promising areas for the project
design work: EDU-west - W and EDU-west - NE. Furthermore, 12 2nd category faults are
present in the promising area for the geological characterisation research running
predominantly WNW-ESE (IDs 5, 10, 11, 17, 38 and 99) and less frequently NE-SW (IDs 6, 18
and 100), supplemented by faults in the NNW-SSE direction (IDs 14 and 20) and a fault in the
WSW-ENE direction (ID 43).

In general, the hydraulic functions ofthef aul t s at t he -wesat)sigkhaéebeénm ( EDU
verified only sporadically (e.g. the ID 10 fault parallel to the Rouchovanka valley and the ID 1

fault that runs through the Rouchovanka valley, and to which a number of hydrogeological

indications are linked). However, att h e Na Sk a-West} gite (dsHd example, at the

Horka and Ma g d a |Isi&s),athe intense reclamation of drainage land serves to limit the

detection of groundwater drainage along tectonic lines with concern to hydrogeological

mapping. Hence, it is practically impossible to determine the natural circulation of the
groundwater in the shallow parts of the crystalline rock environment.

Thus,tcan be stated t hat -wesh site il mtenSielg fauttéd fwhiChEhasU
been well documented by both historical and recent geological and geophysical research). The
relatively high number of category 2 faults, including their presence in the promising area for
the geological characterisation research, as well as the occurrence of a powerful fault zone
that divides the regional 3D geological model into northern and southern parts and which partly
runs through the geological characterisation area, led the expert team to assign a grade of 3.9.

The nature of the fault network is similar to those at the Magdal ®na anBitds (Istt hadl o
category fault zones that traverse the middle of the sites, accompanied by 2nd category fault

networks); thus, the three sites were assigned similar grades. Although the 1st category

Dol nohuSskitrafkraest he ams dd| e odite (grade of P13),§tdleek not

comprise a strong tectonic zone, but a discrete structure, from which exceptionally
homogeneous fault-free areas stretch to the east and west. The only real exception concerns

the Kr a v 2 sith, whera the degree of fracture disturbance is even more complicated. Thus,

the Kr a v 2 sitbwas avarded a grade of 5, which is significantl y i wtloan thag aj the Na

Sk al (EPUnwest) site (3.9).

Tab. 9 Overall assessment of the sites for indicator C3a accordingtoHav |l ov§ eti al . 2020a
Site Indicator grade
BSezovIl potok 3.5
Lertovka 3.3
Li hadl o 3.8
Horka 2.8
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Site Indicator grade
Hr 8dek 2.3
Janoch (ETE-south) 2.0
Krav?2 hor a 5.0
Magdal ®n a 3.5
Na Skal navest) ( EDU 3.9
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C3b Degree of brittle failure of the massif - fracture systems

Description of the indicator: the indicator reflects the number of detected fracture systems
and the density of the fracture networks. Fracture systems often form dense networks of small
discontinuities in the rock mass and they are usually interconnected. Parts of such networks
are hydraulically conductive and may serve as potential pathways for the migration of water
and gases contained in the water or, in the case of the DGR for the potential escape of
radionuclides. From the point of view of the siting of the DGR, the most suitable environment
is that with the lowest possible number of fracture systems and a low fracture density.
Parameter P2; (the total length of fracture traces per unit area) for the representative lithology
(lithology in which the siting of the DGR is assumed) for the siting of the DGR at the sites will
be evaluated. The parameter will be determined based on data obtained from Kabele et al.
(2018). Parameter P21 will be applied as a result of the compilation of DFN models in the DFraM
program (Kabele et al. 2018), which were created primarily for hydraulic simulation purposes.
The comparison of the sites will, therefore, proceed on the basis of field structural data from
the outcrops documented in detail for the creation of the DFN models. In the case of normally
semi-planar outcrops, parameter P21 best captures the degree of rock mass failure directly
from the structural data obtained. Thus, a comprehensive set of data collected by means of a
uniform methodology for all the sites will be used for assessment purposes. In addition,
parameter P3 is also mentioned in Kabele et al. (2018) and related literature. This
mathematically determined parameter, which describes the number of fractures per unit
volume, contains elements of the applied computational procedures (large numbers of small
fractures) that do not influence its use in hydraulic simulations (which is their primary purpose),
but affect the overall structural evaluation. Thus, they will not be used in the comparison of the
sites.

The arithmetic mean, calculated from the P21 parameter values for all the outcrops documented

for the representative lithology of the sites, were used for the assessment. The average was

chosen since at a number of sites it was often impossible, due to the poor initial situation, to

assess in detail more than a small number of outcrops. In the case of a relatively low number

of input values, the use of the median is not ideal, i.e. it is more suitable for larger data sets

(larger numbers of outcrops). The average suitably reflects even a small number of outcrops

with a significant P»; parameter value, which would not be reflected in the case of the use of

the median. The P1par amet er was evaluated for 7 -west)t es ( n
and Janoch (ETE-south) sites). This parameter was determined by experts as being the most
representative parameter since it best reflects the detection of fractures when comparing field
observations and models (it evinces the lowest statistical error than other parameters, e.qg.

P30). With concernt o t he Na S lwast) mAdmlan¢ck QEWE-south) sites, the
comparison was conducted of available field measurements of fractures obtained via field-

based research. The dat a -west)agrdecveriwel dtkthdtanthen s i t e
Horka site and, since both belong to the same lithological unit, the resulting assessment of this

site was similar to that of the Horka site. In the case of the Janoch site (ETE-south) it was

possible to base the assessment on lithologically similar parts of the metamorphic
Moldanubian complexes found at some of the other sites or on the brittle structures found at

the Krav?2 hora site.

Quantification: the assessment of the indicator in cases where the necessary data obtained
via structural-geological characterisation research for the purposes of DFN modelling was
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available: 1 7 the lowest total length of fracture traces per unit area (m?) for a representative
lithology; 5 1 the highest total length of fracture traces per unit area (m?) for a representative
lithology. The evaluation will also take into account new findings reported in Mixa et al. (2019).
For those sites for which the necessary data is not available, the assessment will be performed
via a comparison based on the experience of the respective expert team.

Results of the assessment of the C3b indicator

When determining the grades for indicator C3b, both the size of the P.; parameter was
considered (the total length of fractures [m] per unit area, i.e. the extent of the plane
interspersed with rock outcrops [m?]) - see Tab. 10, and the verification of the nature of the
fractures as determined by geophysical research.

Tab. 10 Evaluation of parameter Py

> = °
S _
N v S © © o N ]
. o O e T\f w > ho]
0 o o iR I T - ©
I ¥ 2
Parameter P,; | 1.15 0.67 1.51 0.90 1.12 0.58 0.92

BSezovl (Havblbvg et al. 2020a)

The assessment by the respective expert team resulted in the assigning ofthe BSe z o v 1
site with an average grade of 3.3.

The P,1 parameter value rankedt h e B S e z wite In the lowterchilf of the assessed sites;
however, there were only small differences between this site and the neighbouring sites of
Hr 8§ damdkHorka. Due to the small number of outcrops in the flat and intensively cultivated
terrain of the area, it was difficult to determine the exact location and orientation of fracture
networks in the area of the profiles mapped during the geological research. Hence, and with
regard to the fact that the P,1 parameter is based on a smaller set of measurements than at
the other sites, the assessment takes into account the results of the geophysical research to a
greater extent.

The fracture zones detected along the studied profiles were interpreted only on the basis of
the geophysical data and their relation to the sets of fractures included in the DFN model.
Zones with the relatively more frequent occurrence of fractures evinced typical decreases in
velocity (MRS) and density (gravimetry). The DOP and ERT methods can also be applied for
the identification of fracture zones. Wider areas with reduced resistivities are interpreted as
relatively more disturbed with respect to fracture zones, while less often such anomalies are
related to presumed fault structures (usually only tens of metres in extent), or contacts between
granodiorite and metamorphic rocks (usually with sharp boundaries). Wide bands (often of
several hundreds of metres) are interpreted as deeper fracture zones (more than 20 m deep
and usually up to 40 m) of rock massif weathering, and on the basis of the characteristic shapes
of resistivity curves that often indicate rock failure via numerous discrete subvertical
discontinuities that are interpreted as fractures. Continuous areas of high resistivity interpreted
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as rock blocks of several hundreds of metres in thickness with a low degree of failure often
occur between such fracture zones.

It is clear, in a similar way to the Hr 8§ ds#ek that most of the tectonically disturbed zones at

t he BSe z siteare madeup df shallow range extension fractures (lower tens of metres)

with no connection to the faultt ect oni c s . Ther ef ositewas dwardedfBeS e z o v T
same grade as that of the Hr 8§ dsi#tek(3.3), very slightly fivorseo than the durbachite Na

Sk al n2 mwest)Ednd) Horka sites (better P21 parameters and weaker geophysically

documented fracturing indications),ands | i ght ltyhdmett h @ r Mahgaddallo®naan ds i t e
( Li h had & worse P, parameter as confirmed by the geological and geophysical research

and mostly with no connection to the fault network, whereasMagdal ®na was found t
a complicated fracture structure in connection with the reactivated edges of very numerous

veined aplite zones).

Lert o(vtkkaav | o vZ®20B)t al

The P21 parameter valuer anks t hesitdiemr tooevdkaand positi omsiteaft er
and in first position for the granitoid sites. It should be noted that due to the good exposure of

the terrain atthe L e r t asite kaad the large amount of measured data, the P2; parameter at

this site has a significantly higher informative value than at the other sites (e.g. Kr av2 hor a o]
Ma g d a | ® theasame tild, the question remains as to what extent the low value of the P2

parameter at the Kr a v 2 sith is dug to the rheological contrast of the paragneisses and

migmatites compared to the granitoid rocks of the other sites. With regard to the assessment

grade 2.4 awarded tothe L e r t itekt & necessary to bear in mind that due to the minimum

differences between the P,; parameter values of the sites, the assessment team decided not

to assign the extreme values of 1 and 5, as permitted by the assessment methodology.

The geophysical research verified fracture zones located in all cases along faults, including
e.g. the western parts of IDs 9, 16, 62 66, 68 and 69 and the entire lengthof | D 11 { Kr al 2 n
Ti s kohe). The areas between the faults are only minimally affected by fractures, as
evidenced by the uneventful geophysical situation, especially according to the results of
electrical and seismic methods. The presence of a large number of significant to massive rock
blocks (e.g.theBa b a a n drockspalse ikdicates the minimum level of granite fracturing.

LihattHav!l ov®20©t al

ThePapar ameter ranks t he Aorstdgabitioain erims of tha fractuling st (i
of the granitoid rock mass; this was further confirmed by the field mapping and geophysical
image research results.

The Klenov pluton appears to be significantly fractured. The fracture system comprises 6 sets
of fractures, the most numerous of which decline relatively steeply (7019 0 A )the NW, SE,
NE, SW, ENE and WSW. Fractures with medium to slight slopes decline to the SE and W
(Kabele et al. 2018). Extensive crushing around faults was verified via geophysical methods
at t h e sitej Hoveedel, strong fracture zones were also identified, which are clearly not
related to 1st and 2nd category fault lines, and correspond more to fractures documented at
outcrops according to the DFN models and mapping. Recent geophysical research identified
hundreds of metres-wide areas of increased conductivity and reduced seismic velocities to
depths of 207 60 metres on the anomaly profiles, which were interpreted as loose and saturated
fracture systems.
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Due to the intensity of fracturing documented by the DFN models, geological mapping and the

interpretation of geophysical anomalies, the expert team awarded a grade of4tothe L i had |l o

site that reflects the most intense disturbance by fracture systems of all the sites assessed.
Horka( Hav |l o v®20é)t al

A grade of 3.0 ranks the Horka site in the middle of the list of assessed sites, i.e. the same
grade as that assigned to the similar durbachite site of Na Sk a | n 2wast) (mark 8I0).
The dominant set of extension fractures in the rocks of the area of interest comprises mostly
subvertical fractures without mineral fillings, which form a predominantly regular orthogonal
system. Fractures of an exfoliating nature with a flat orientation are often bound only to the
near-surface parts of the rock complexes. Two main trends in the orientation of the extension
fractures were identifiedint he st udi ed p pluton, ierfinnihgragprol. SNEKSSW
and a perpendicular system running approx. WNW-ESE. Based on the obtained data, a total
of 7fracture popul ati ons were identified accordi

2018), of which steep fractures (inclinations of 7019 0 A) d e she N, ,0NWi S&, NE, SW,
E and W and fractures with medium inclinations (607 4 0 A&scend generally to the E, NW and
SE. Sub-horizontal fractures (inclinations of 30i 0 A With the exception of exfoliation fractures
created by weathering, which were excluded from the analysis, occur only rarely at the site
and descend in the same directions as the medium-inclined fractures. The various fracture
sets were verified via both the DFN models and the geological mapping that formed part of the
geophysical research. The geophysical research recorded extensive profile sections with
weak, several hundred metre-thick anomalies of increased resistance via the DOP method,
sometimes accompanied by a decrease in seismic waves, as recorded by the MRS method.
The depth of these anomalies is usually in the higher tens of metres. These anomalies are
likely to correspond to regional fracture systems since they are not linked to the presence of
faults and the associated tectonic failure of the surrounding rock; alternatively, they may be
identified by further detailed research as products of the deeper weathering of the durbachite.

ng

Due to the average P.: parameter value and the similar conditions to those ofthe Na Sk a |

(EDU-west) site, at which the sets of fractures were documented in detail, especially via
researchbyHa n g | et al ,the(grade foi7the H@rKa &it® Jvas set at 3.0, identical to
thatofthe Na Sk al n avest) ¢it& Dnlterms of their fracture systems, in contrast to their
fault networks, the sites are very similar; hence they were assigned the same grades.

Similar grades were awarded to the granitoid sites of Hr § de k and B %33}y with
higher P.; parameters, i.e. 1.12 and 1.15, respectively. L i had| o Hhighedt P4 Wake
(1.51), a value that was also confirmed by the geological mapping and geophysical research.
Ther ef or e, sitelwvas adsdassdecdats mast affected by fracturing, which was reflected

in the assignment of a grade of 4. Conversely, the fbestograde awardedto the L e r t itek a

reflected the lowest P21 parameter value, which was also confirmed by the results of the most
recent geophysical and geological research.

Hr § d(etkkav |l o v®20e)t al

The P2, parameter value servedtor an k t h eitedtthBs®@ke | evel as t he

site and significantly ahead oft h e L isikeatlte lotber candidate sites evinced lower levels
of fracture impacts as expressed by the P,; parameter. Given the minimal differences between
the P21 parameter values, the respective assessment team decided not to apply the extreme
values of 1 and 5, as permitted by the assessment methodology.
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The main findings of the geophysical and geological-geomorphological surveys ofthe Hr § d e k
site were as follows: fracture systems, especially in the NE-SW and NW-SE directions, were
well documented by both the geomorphological analysis and the geophysical analysis
(especially via the ERT and MRS methods). Fractures and the fracturing of the rock mass via
exfoliation systems are insignificant at depth; the anomalies identified by the geophysical
research indicated fracturing depths (i.e. open fractures) up to a maximum of tens of metres
(201 60 m). This also coincides with the existence and degradation of peatlands, which are
apparently not fed from deep groundwater circulation, but from meteoric water that circulates
via shallow fractures (this is related to the drying out and gradual disappearance of these
peatlands due to decreasing precipitation over the past 10 years). The fracture zones are not
usually bound to fault lines, but occur in zones several hundred metres thick throughout the
entire studied area.

The shallow and extensive occurrence of fractures is significantly less limiting in terms of the

quality of the site than, for example, the fracture systems at the Ma g d a | ® nwheresthet e

fracture systems often follow the edges of aplite and quartz veins and are, according to the

geophysical research, clearly deeper in range and often exhibit a significant hydraulic function.

Therefore, the expert team assignedthe Hr 8 d e k grade of 8.3. &he extent of fracturing at

the Hr § dsétekis similar to that atth e B Se z o wile loqated im&| at ensk® and Lel
granodiorites; hence the two sites were assigned the same grade. TheKr a v 2 sithavincad

a significantly more favourable P»1 parameter value; however, the formation of the fracture

systems was affected by the differing rheology of the rocks (paragneisses and migmatites)

and, since the geophysical analysis (especially via the DOP and ERT methods) identified

intense fracture zones (partly along faultsandpar t Il 'y out si de f asitelwass ) , t he
awarded a grade of 3.1, only very slighttyb et t er t h a mite.tCbhneerskly, thalfradture

systems at the Horka site are mainly bound only to the presence of faults; the rest of the area

is only insignificantly fractured (similar to the Hr § dséell. Therefore, the assessment team

took into account the similarly weak manifestations of the fracture systems and the slightly

better P21 parameter value at the Horka site and, via the expert assessment, set the value of

the indicator for the Horka site at slightly better than for the Hr § dgt&k (3.0 and 3.3,

respectively). The gradesoft he L er t o v k asitea reptesdntithe awd éxtoemes of the

grading system, as discussed in the respective chapters for these sites.

Janoch (ETE-south)(Ha v | ov &026ff al

With respect to both the Janoch (ETE-south) and the Na S k a | n avest) $itespPthe P2
parameter values were not determined as part of the project (Kabele et al. 2018). However,
prior to the DFN modelling project, detailed geological research was conducted at both of these
stes-see Hang@O0O&7) aband Nav(r2817)i in cornéctioe with detailed
geological mapping at a scale of 1:10,000 and structural and geophysical research
(supplemented by the geological and geophysical research project conducted by Mixa et al.
(2019)).

The determination of the grade by the respective expert team for the assessment of the C3b
indicator was performed on the basis of the above studies, the information obtained from the
geophysical and geological research (Mixa et al. 2019) and analogies relating to lithologically
similar parts of the metamorphic Moldanubian complexes of the other sites. Due to the absence
of the determination of the P»: parameter, a more detailed description of the fracture systems
at the site is provided below:
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Shear fractures

Thegeol ogi cal mappi ng ( Mentfied¥dur groops & shear fractures at2 0 1 8)
the site: structures running NNW-SSW to N-S with steep inclinations to the WNW to W, mostly
without the occurrence of striations and kinematic indicators (i), structures running NW-SE with
steep inclinations to the SW and NE, with the variable occurrence of striations and with a slight
inclination to the WNW, with indicators of right-hand oblique motion kinematics, possibly with
younger generations of striations (i), structures running NE-SW with medium inclinations to
the NW, with the occurrence of striations with a moderate inclination to the WNW to W with
indicators of declining kinematic movement (iii) and, finally, structures running W-E with steep
inclinations to the S, with the variable occurrence of striations with a slight inclination to the
WSW and with indistinct indicators of right-hand oblique kinematics (iv). Based on the
relationship between the non-deformed pegmatite veins and the surrounding brittle
reactivation, the authors concluded that these significant shear reactivations of the rock mass
were older than the occurrence of the positioning of veined bodies bound to granitoid
magmatism.

Extension fractures

The dominant set of extension fractures in the rocks of the area of interest comprises
subvertical fractures without mineral fillings. Several main trends in the orientation of steep
extension fractures have been observed: NW-SE (most abundant), NNW-SSE and NNE-SSW.
The highest frequency of extension fractures in all directions has been recorded in heavily
weathered paragneisses with higher degrees of crystallisation, with a fracture density of
around 5-6 per metre. With respect to weakly crystallised and less weathered paragneisses,
the frequency of the fractures decreases to 2-4 per metre and, in the case of erlans, to 1-2 per
metre.

The geophysical analysis revealed extensive zones, the geophysical images of which reflect
the impact of fracturing, i.e. mainly zones of reduced electrical resistance in combination with
the deceleration of seismic waves. In order to provide an indication of the intensity of this
phenomenon, the respective results of the report by Mixa et al. (2019) are presented below:

Overview of the fracture zones in the area of deep weathering

1 ETE-02AA at depths of 1007 450 m and 10001 1200 m; thickness: 51 35 m (according to the
MRS and DOP methods).

1 ETE-02CA at depths of 2501 600 and 1600i 2350 m; thickness: 10i 35 m (according to the
MRS and DOP methods).

1 ETE-02AB at a depth of 9507 2050 m; thickness: 10i 30 m, and in the mylonite zone at a
depth of 21007 2300 m, the fracture zones may be as thick as 50 m (according to the MRS
and DOP methods).

i ETE-02CB at depths of 4501 850 m, 11501 1650 m, 26007 2850 m and 35007 3800 m;
thickness 107 35 m and in the areas of fractures IDs 40, 41 and 42 it affects the fracturing
of the massif to thicknesses of min. 50 m (according to the MRS and DOP methods).

1 ETE-03A at a depth of 10007 1600 m; thickness: 107 25 m; in the vicinity of the ID 43 fault,
the massif may be fractured to a depth of 50 m (according to the MRS, ERT and DOP
methods).

I ETE-06A at a depth of 26007 2750 m; thickness: 5i 7 m (according to the DOP and
gravimetric methods).
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i ETE-08 at a depth of 01 2200 m; thickness: 10i 20 m (according to the MRS and DOP
methods), at a depth of 59007 7700 m (in the area of the Tertiary basin), thickness: up to 20
m.

I ETE-09 at a depth of 6001 900 m; thickness: 10i 20 m (according to the MRS and DOP
methods).

I ETE-10 at depths of 100i 550 m and 12007 1450 m; thickness: 51 35 m (according to the
MRS and DOP methods).

I ETE-11 at a depth of 5001 650 m; thickness: up to 20 m (according to the MRS and DOP
methods).

i ETE-12 at a depth of 01 150 m; thickness: 107 35 m; at a depth of 7007 1800 m with a depth
range of up to 20 m, and at a depth of 51007 5500 m; thickness: up to 10 m. Around the ID
53 and ID 54 faults, tectonically disturbed zones attain a thickness of up to 50 m; around
the ID 1 fault of up to 30 m (all according to the MRS, ERT and DOP methods).

I ETE-13 at a depth of 16001 2050 m; thickness: up to 30 m, and at a depth of 37007 5100
with a depth range of 207 40 m (according to the ERT and DOP methods).

The expert team assigned a grade of 3.2 to the Janoch (ETE-south) site with respect to the
C3b indicator, which reflected the following main conclusions: fracture sets with a low
frequency of fracture surfaces (2-6/metre depending on the lithology) were measured on
outcrops. Therefore, it can be assumed that the P.; parameter value would have been as low
as that determined for the Kr a v 2 sith (P51 & 0.58), which also comprises metamorphic
complexes. However, it is also necessary to take into account the extensive indications of
fractures revealed by the geophysical images-s ee above. T Bite was asaignéd
a grade of 3.1; it was considered in the comparison of these two sites that although the Janoch

hor a

(ETE-south) site evinced a significantly larger distribution of fracture systems than the Kr a v 2

hora site, it was significant that the fractures at the Janoch (ETE-south) were not mineralised
(they are often accompanied by alterations, crystallisation and mineralisation atthe Kr a v 2
site); thus, the grade was set as just 0.1 points worse than forthe K r a v 2 sité ©he similarly
assessedi ntrusi ve Hr §dek sies) dith r&lesoo3\B] evinred tsignkicantly
higher P2; parameter values of 1.12 and 1.15, respectively; however, the manifestations shown
in the geophysical images were not so extensive (fewer fractures were revealed by the
geophysical research) and the range of open fractures on the granites was greater, usually 20-
40 m, often up to 60 m than that on the Moldanubian metamorphites, where the range of
fractures was only rarely observed to be greater than 30 m. Hence, the Janoch (ETE-south)
site was assigned a grade of just 0.1 points more favourable than the above-mentioned sites
located in granitoids.

Krav? (Hawva ovX®20gt al

Although the P,; parameter valuer ank s t h e site inastplacel(ie.nt avinces the least
fractures on outcrops), the site was assigned only an average grade of 3.1 in the overall
assessment, which ranks it together withthe Hr 8§ dle&r k a, Ma g d-avéstRandaETE-
south sites, which were also assigned average grades. The low value of the P, parameter
compared to the other sites was most probably due to the rheological contrast of the
indistinguishable paragneisses and migmatites of the Kr a v 2 sitéhcompared to the granitoid
rocks of the other sites. Moreover, it must be borne in mind that, given the minimal differences
between the P,; parameter values, the assessment team decided against applying the extreme
values of 1 and 5, as permitted by the assessment methodology.
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The occurrence of fracture systems as documented by the geophysical research are significant
and were determined mainly via electrical and seismic methods along faults and their
immediate surroundings and outside faults. The geological mapping revealed (similarly to the
faults) quartz fillings, Cu-Fe mineralisation and chloritisation in extension fractures. Compared
to the granite sites, sub-horizontal fractures (inclined at0-3 0 A) o ¢ mnely, sincenthey are
usually created via exfoliation due to weathering in granite environments. The above reasons
led to an expert assessment of 3.1 forthe Kr a v 2 sitd, which is worse than the grade of the
L e r t oite,kvhich has only a small number of fractures (albeit with a slightly worse P»; index)
and is similar to the assessment grades assignedtotheNa Sk a | n Avest), JaBd3RIETE-
south) Hor k a, B Se z ov T sites.dhite khesa sitds hatirleSsdfavéurable P2y
parameters, the fractures (according to the geophysical research and geological mapping) did
not evince abundant alterations, crystallisation and high intensity either along or outside the
fault lines.

Magdal(®&haav | o v®20R)t al

Although the P, parameter served to rank the Ma g d a Isi@ nnahe middle of the table of
parameter values, the findings of the geological and geophysical research were also taken into
account in terms of the final grade. The information obtained from field work confirmed the
average impact of fracture systems at the site. The reasons for this assessment grade were
as follows.

TheMagdal ®na s i lkewl irtensively agreuttsally-used terrain with a minimum of
outcrops - the number of measured outcrops was the lowest of all the assessed sites.
Therefore, the P21 parameter was burdened with a greater degree of uncertainty in terms of its
explanatory potential than it was for the other more geologically-exposed sites. However, the
results of the geophysical research provided a relatively good picture of the fracturing at the
site, which confirmed the moderate presence of fractures.

A significant phenomenon was discovered during the geological and geophysical research
comprising the presence of extremely numerous E-W-oriented small subvertical veins of
leucogranites, aplites and quartz, usually forming bodies of cm to dm thickness and, less
frequently, metres to tens of metres and with lengths of up to 1 km. The number of such veins
was in the thousands on the documented profiles. The veins comprise primarily intrusive
contacts with durbachite; however, sometimes their edges have been brittlely reactivated by
extension and shear fractures, which often play the role of hydraulic conductors and represent
preferential groundwater pathways in such a weakened rock mass. This phenomenon was well
documented principally via the electrical, but also via the seismic geophysical, method. While
this feature does not concern all the veins, it is an important phenomenon that cannot be
ignored.

The fracture systems documented by the geophysical anomalies (especially increased
velocities via the electrical method and lower values according to the seismic methods)
accompany only faults and the above-mentioned edges of veins. The geophysical research
did not suggest the area failure of the massif. The only stronger such zone, which is probably
connected to the increased degree of fracture failure that led to the deeper weathering of the
durbachite up to around 40 m, occurs only in the northern part of the promising area for the
geological characterisation research.

The assessment of the P»1 parameter, the weakly-documented fracture systems on the surface
discovered via geological mapping and the occurrence of brittle failure connected to faults and
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the edges of a number of aplite veins, led the expert team to classify the site as moderately
fractured and assigned a grade of 3.0. As previously mentioned, fracture failure is related

mainly to the surroundings of faults and veins, in a similar way to the L e r t csite Kgaade of

2.4) which, however, does not contain veined phenomena and thus led to a better Py
parameter value and a correspondingly better grade. The Horka, Na Sk a | n 2 mwedstdndJ

Hr 8§ dsiek feature fractures in the form of wide but not very powerful zones, thus indicating

the shallow and extensive nature of fracture failure, which was reflected in the P,; parameter

value. Hence, the Horka site (grade of 3.0) was assigned the same grade asthe Magdal ®n a
site and the Hr § dsieekwhich had a worse P21 parameter (1.12), was awarded a grade of 3.3
aswasthe BS e z o v T sitep(@xt 0b1KL5).

Na Skal n2wast)(HEaDWI o v 8026ix al

With respect to both the Na Sk al n 2west) and Dahoch (ETE-south) sites, the P2
parameter values were not determined as part of the project (Kabele et al. 2018). However,

prior to the DFN modelling project, detailed geological research was conducted at both of these
stes-see Hangl et al . (2017) a n d neblianvwit§ tetailed v § et
geological mapping at a scale of 1:10,000 and structural and geophysical research
(supplemented by the geological and geophysical research project conducted by Mixa et al.

(2019)).

The determination of the grade by the expert team with respect to the C3b indicator was thus

based on the above-mentioned studies, the information obtained via geophysical and

geological studies by Mixa et al. (2019), and via analogy to the lithologically similar Horka site,

whichisal so | ocat el ipnl wahded 0T Saeb nort h of t hwest Na Sk a
site. Due to the absence of the determination of the P,; parameter, a more detailed description

of the fracture systems at the site is presented below.

The fracture systems in Moldanubian rocks appear to be highly heterogeneous. In the area

we st of t he TS #dotaré netpdrkuis made uptoh extension fractures with
predominantly subvertical slopes. The fracture system comprises two equivalent and mutually

orthogonal fracture sets running in the NW-SE and NE-SW directions and a less significant

fracture set running WSW-ENE. The most pronounced direction i
median of 5 fractures per metre. Other significant directions have azimuthsof 40A and 8O0A
a median of 4 fractures per metre.

The most significant fracture setin t he Mol danubi an eascomprsds t he T
fractures mainly with steep orientations and running NW-SE. Other, less numerous fracture

sets comprise fractures running generally E-W to NE-SW. The density of the fractures varies

considerably. Fractures wi t h an azi mut h of Iré) @vince (the highesd x . 7 F
median fracture density, while other significant azimuths areinthed i r ect i ons ahd 0 A and
evince a median of 5 fractures per metre.

The rocks of t he TS bebléss fragiured tinocompaaispm dleerarea is

dominated by extension fractures with predominantly subvertical orientations, defined by a

main fracture set running NNW-SSE to WNW-ESE and less significant fracture sets running

NW-SE and NE-SW. The fracture density is generally uniform in most directions at around

three fractures per metre. The median of the fracture densities for azimuths with directions of

10A an dsldavérd.d around two fractures per metre. Exfoliation fractures are common

in the durbachite of the area and areusuallysub-h or i zont al or i nclined at ¢
their orientation depends on the surface morphology.
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The expert team assigned a grade of 3.0tot he Na S k a-West}site fof iBdicdior C3b,

which reflected the following main findings: the P21 parameter for the Horka site with an
identical T S dithotody redulted naacgtadeto®3.0, thus reflecting the average

fracture systems of the site. Hencethe Na Sk al n2z m [|-west)asite wasawaldédhg
samegrade. Pr evi ous geol ogical sur veysrecordedfpactoe al | y
sets similar to those at the Horka site, with the same frequency of anomalies.

The other similarly intrusive sites, i.e. Hr §de k and B $eeawarded grades of 8.3
due to their higher P2, parameter values - 1.12 and 1.15, respectively. Sincethe L i h aditd o
evinced the highest P2 value of 1.51, and the geophysical analysis suggested that this site is
the most affected by fracturing, it was awarded a grade of 4. Conversely, the best grade as
obtained by the L e r t ositekedlected the lowest P,; parameter of all the sites, which was
confirmed by the results of the geophysical and geological research.

Tab. 11 Overall assessment of the sites for the C3b indicator according to reports by Hav |l ov § et al .

2020a-i
Site Indicator grade
B S e z potofk 3.3
Lertovka 2.4
Li hadl o 4.0
Horka 3.0
Hr 8dek 3.3
Janoch (ETE-south) 3.2
Krav?2 hora 3.1
Magdal ®n a 3.0
Na Skal navest) ( E 3.0

C3c Degree of ductile deformation

Description of the indicator: the indicator reflects the number of ductile structures and the
complexity of the site environment in terms of ductile deformation events. It includes an expert
estimate of the intensity of ductile deformation and the complexity of the resulting deformation
structures, i.e. foliation and linearisation. In general, the more complex and intense the
manifestations of ductile deformation, the more complicated the rock environment is in terms
of geotechnical parameters; at the same time there is a higher probability of the occurrence of
brittle structures. Of the various ductile elements, only foliation - magmatic and metamorphic
T was included in the assessment; this is the only ductile element that can be documented in
sufficient quantities for the assessment of all nine sites (information on rarely observed
lineations, fold and other ductile structures and ductile shear zones does not meet the condition
of being available in a sufficient amount for assessment purposes).

Quantification: 1 - the lowest degree of ductile deformation; only one generation of ductile
structures is determined; 5 - the highest degree of ductile deformation; incidence of a large
number of loaded ductile structures with complicated mutual relations.
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Results of the assessment of indicator C3c

BSezovl (Hatvol v®20a)t al

The degree of the ductile deformationoftheB| at ens k ® and L e thatmakeupr anodi
the rock polygon defined for the promising area for the project design work and the surrounding
area, is weak. The ductile structures, as defined by the weak preferential spatial orientation of
quartz crystals, amphiboles, feldspars and mica, evince a magmatic to submagmatic
character, indicating their syntectonic placement. The steep orientation of igneous foliations,
generally running NE-SW predominates, accompanied by lineages that decline at mild to
moderate angles to the NNE, locally reworked into a subsolid foliation that fits at moderate
angles to the NW. The indistinct character of the igneous structure is further accentuated by

the massive, fine to medium-grained texture of the granodiorites, and only weakly by the
porphyritic character of the rocks (feldspar occurrences of max. 1-2 cm locallyinthe L er v e n
granodiorites). Hence, t he B S e sitewas$ asgigned a drade of 1.2 which reflected the
homogeneous granodiorite structure, as well as the weak but, nevertheless, penetrative
character of the igneous foliations, which suggests more intense deformation than the merely
domain-developed igneous foliations atthe L i h aahd For § dsiek (1.0).

Lert olvikaav | o vZ®20R)t all

The degree of the ductile deformation of the granites of the T i snkagsif in the promising area
for the project design work and the surrounding area led to the assignment of a grade of 1.5
for the site, which represents the average of the grades assigned to the granitic sites (1-2).

Areas of primary igneous foliation (the preferred spatial orientation of feldspar outcrops and
aggregates of other rock-forming minerals) have been recorded in the granite. Most of the
foliation areas decline at steep angles to the WSW to NNW, less so to the ESE. The
manifestation of igneous foliation are weak, and initially suggested the assignment of a grade
of 1to 1.2, corresponding e.g. tothe L i h aahd BS e z o v T sitgs; didwevier, in contrast to
these sites, the granites of the T i s rkabsif exhibit low-temperature subsolid deformation in
the form of non-penetrative cleavage with a steep orientation to the NNE-SSW located mainly
along the eastern edge of the massif. Therefore, the expert assessment awarded a final grade
of 1.5.

LihatHav!l ov®209t al

The degree of the ductile deformation of the granites of the Klenov pluton in the promising area
for the project design work and its surroundings is weak. The internal structures of the
granitoids of the Klenov pluton are defined by the weak preferential spatial orientation of quartz,
feldspar and mica crystals. The preferred orientation of the crystals evinces a predominantly
planar character that formed igneous foliations, in places with evidence of weak high-
temperature subsolid deformation. Remnant steep igneous foliations oriented to the NE-SW
have a domain character and were not recorded in the promising area for the project design
work, as well as ductile deformations in the metamorphic rocks. Hence the expert team
assessed the site as only slightly affected by one phase of ductile deformation, similar to the
situationattheHr 8 de k and sies.g dTalH e®rneaf o r esite wahawvarded ahgeadel o
of 1, reflecting the lowest intensity of ductile structures of all the candidate sites.

Horka( Hav |l o v®20&)t al
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The degree of ductile deformation of the durbachites in the promising area for the project
design work and its close surroundings led to the assignment of a grade of 2 for this site, which
corresponds to the grade awarded to the geologically similar EDU-west site (durbachites of
theTSeb2 | pluton) an dtheigmdesdsthegites thayarewade spef gtarites n
(grades in the range 1.0-1.5). The reason concerns the presence of two well-developed
differing generations of ductile igneous and deformation structures, defined primarily by the
orientation of the minerals, especially porphyritic potassium feldspars and biotite. The igneous
foliation predominantly declines at steep angles to roughly the SSE to SSW. Relatively younger
deformation structures fit at small angles to the NE and serve to partially modify the orientation
of the original igneous foliation.

Due to the presence of the two well-developed foliation systems, the Horka site was assigned
a mark of 2 (as was the EDU-west site), which distinguished these two durbachite sites from
the granite sites, which usually exhibited just one, often weak, igneous structure system.

Hr 8§ d(etkkav |l ov®20e)t al

Thegr ani t es of sitd, with thedg r8adreikt oi ds of t he Li sitesdl o and
evinced the lowest impacts of ductile deformation (igneous foliation) and were, therefore,

assigned a grade of 1. The other extreme of the scale featured those sites made up of

metamorphic rocks, the ductile deformations of which appear to be orders of magnitude more

intense; therefore, values from the whole of the scale 1 - 5 were applied in contrast to, for

example, the less significant differences observed in the assessment of the C3b indicator. Due

to the fact that the assessment of the ductile deformations was restricted to the promising

areas for the project design work and the surrounding areas, the grade does not reflect the

ductile deformation of the metamorphic Moldanubian rocks, i.e. the grade reflects only the

structures in the target lithology of the L e S 2 n e, kpartly,rEégarn granites. The ductile

deformation of the site, i.e. the igneous foliation given by the alignment of biotite aggregates

and feldspar outcrops, is more pronounced only in the marginal parts of the granite in the

vicinity of intrusive contact with Moldanubian migmatites. The central parts of the granite body,

in which the promising areas for the project design work are located, are affected by ductile

deformation only to a minimum extent. Hence, t h e dite vaslavlarded a grade of 1, as

werethesi mi |l arly minimally aff ecditesdSindeithe atliet stesand BS
located in granitoids, i.e.theNa Skal n4vest) (EB$ezovi potok,sitdsert ovk:
evinced more intense igneous foliations, often with dual orientations, they were awarded
correspondingly higher grades by the respective expert assessment team.

Janoch (ETE-south)(Ha v | o v 8026fy al

The rocks of the Janoch (ETE-south) site are affected by three generations of variously
intensely developed ductile deformations, i.e. the second most intensive disturbance of all the
nine candidate sites ( af t er t h site)kKHelce, this $it®@ waa assigned a grade of 4.

The migmatised paragneisses and migmatites of the monotonous and variegated unit of this
part of the South Bohemian Moldanubian were tectonically poly-phasically impacted by the
formation of three successive ductile (plastic) deformation systems.

The monotonous Moldanubian unit is affected in the area of interest mainly by S, penetrative
foliation decliningtothe N\W at medi um an g ]saperimposgu Sz metamorpBicd A )
foliation developed only in domains and evinces slight inclinations of 0i3 0 A the aV.
Paragneiss folding is visible only at the microscale where leukosomes formed isoclinal folds of
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scales of mm to cm cleaved to the WSW-ENE. The paragneisses are affected by mylonitisation
to the NW. No older N-S S; structures remain in the paragneisses of the promising area for
the project desigh work and the vicinity thereof, but do occur in the wider surroundings.

The above-described ductile deformation of the Janoch (ETE-south) site is significantly more
intense and varied than in the seven granitoid sites; therefore, the difference between the

grade for the Janoch (ETE-south) site (4) and the worst-rated granitoid sitesof Na Skal n2 m
(EDU-west) and Horka (both 2.0) is significant, which, according to the expert team
assessment, reflects the difference between metamorphic and igneous ductile structures. On

the other hand, the duct isifeeppearttahave presenedall thrke t h e
deformation systems (S, 2, 3) affected by intensive fold structures (remnant folding and isoclinal
shoulders, folded S foliations evident especially in the composite banding of migmatites and

flat open folds that deform S; foliation). Hence, t h e K site wds askignedaa grade that
expressed the maximum ductile disturbance, i.e. 5, and the Janoch (ETE-south) site a mark

one degree lower, i.e. 4.

Krav? (Hawvada ovX®20@t al

The rocks of site daveKbeen impactbdohy aeveral generations of ductile
deformations, which points to the most intensive disturbance of all the nine candidate sites and
resulted in this site being assigned the worst grade, i.e. 5.

The ductile deformation structures at the Kr a v 2 sith fmormaa heterogeneous complex of
superimposed structures (metamorphic foliations, folds and lineations). Three metamorphic
structures of regional significance have been identified at the Kr a v 2 sitl.ol'heaoldest
structures comprise preserved remnants, especially in the granulite body and in peridotites in
the form of folded shoulders and asymmetric rootless folds with dimensions of centimetres to
decimetres.

The foliation surfaces of the loaded structure (Sz) are defined by compositional zoning that
declines at medium to steep angles to approx. the W to SW. The superposition of the relatively
younger metamorphic structure was heterogeneous; the areas of this foliation, or the S; folded
foliation, decline at slight to medium angles to approx. the NNW to SW. The planar structures
are accompanied by significant lineaments of elongation-deformed or recrystallised
aggregates of quartz, feldspar and biotite or by mineral lineaments with a predominant slight
inclination to the south. These metamorphic structures define the courses of the various rock
lithologies (migmatites, amphibolites and granulites).

The superimposed S; metamorphic foliation with a slight to medium inclination (0-4 5 A )the t o
~NNW to SW is significant and represents the dominant foliation system with numerous open
folds with fold planes that decline mainly at mild to medium angles to the SW, subparallel with

the course of the Sz metamorphic foliation.

The ductil e def orhoradité describedfabovelisesigniicaatly fore intense
and varied than the penetrative but monotonous foliation of the paragneisses and migmatites
at the Janoch (ETE-south) site. Therefore, the Kr a v 2 hwas awvarded & grade of 5 and
the Janoch (ETE-south) site a grade of 4 for the C3c indicator. The ductile deformation in the
intrusive rocks of the other sites, made up solely of igneous foliation of an incomparably lower
intensity of plastic deformation, led to their being assigned grades in the range 1.0 to 2.0,
which, according to the expert assessment team, captures the essential difference between
metamorphic and igneous ductile structures.
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Magdal(®haav | o v®20k)t al

The degree of ductile deformation of the durbachites in the defined promising area for the
project design work and the surrounding area is weak. T h e L e-type durbachites at the
site have a very conspicuous porphyritic structure; however, most of them have been recorded
as evincing only the weak to medium orientation of potassium feldspar growths of an igneous
to sub-igneous character, while the basic dark rock matrix remains in most cases
macroscopically omni-directionally grainy. Hence, t h e Masitedvad a8sigreed a grade
of 1l.5,equi val ent t eite, wiioh, ad véthh theoMakgad a Isi®@ nfeatures weak but
well-documented igneous foliations that are less intense than, for example, the two
generations of clearly mappable igneous/deformation foliation at the EDU-west (grade 2) and
Horka (grade 2) sites and, at the same time, somewhat more intense than the usually only
domain-developed weak igneous foliation ofthe Hr 8 d e k a n dited(grade1dd). o

Na Skal n2west)(HEaDVvUI o v 8026ix al

The degree of ductile deformation of the durbachites in the defined promising area for the

project design work and the surrounding area led to the assignment of a grade of 2 by the

expert assessment team. This grade corresponds to the assessment of the geologically similar

Horka site (durbachites of the T Se b 2 | pl ut on) andthdagsades dssignddtol vy wor s
the granite sites (grades of 1.0-1.5). The reason comprised the presence of two well-developed

differing generations of ductile structures, defined primarily by the orientation of minerals or

the preferred orientation of elliptical or elongated mafic enclaves. Older igneous structures

evince a subvertical orientation running predominantly N-S; the transposition thereof into a

younger igneous structure, which fits at low angles to the NE, is easily observable.

Due to the two well-developed igneous foliation systems, t h e N a(EMJkwadt) gite was
assigned a grade of 2 (as was the Horka site), thus distinguishing these two durbachite sites
from the granite sites, which usually featured only one system of often only weakly-developed
igneous structures.

Tab. 12 Overall assessment of the sites for the C3c indicator according to reports by Havl ov§ et al .
2020a-i

Site Indicator grade
BSezovI|i potok 1.2
Lertovka 1.5
Li hadl o 1.0
Horka 20
Hr §dek 1.0
Janoch (ETE-south) 4.0
Krav?2 hora 5.0
Magdal ®n a 15
Na Skal navest) ( E 2.0
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5.8.4 Variability of the geological properties

5.8.5

Description of the criterion: a large degree of variability of the geological properties that does
not allow for the creation of reliable 3D geological, hydrogeological and geochemical models
constitutes one of the exclusion criteria. However, in this phase of the DGR site selection
process (the reduction in the number of candidate sites from 9 to 4), concerning which mostly
only surface geological research has been conducted, this factor is not considered to be
excluding and can be used for site comparison purposes.

The requirement for the assessment of the variability of the rock environment is set out in
Decree No. 378/2016 Coll. Section 18, 4b. Spatial and petrological variability were chosen on
the basis of the availability of det ail8an
Mixa et al. 2019).They are the only two independent rock environment variability parameters
which, from the geological perspective, can be applied with a sufficient degree of credibility
with respect to the currently available amount and quality of data from all 9 sites. The expert
assessment of spatial variability enables the indication of the amount, spatial distribution and
character of the rock bodies, while the petrological variability collectively indicates the various
mineralogical and geochemical properties of the various rock types (e.g. the variability of the
composition of wvarieties of granite prese
Both of these independent parameters play an important role in terms of the assessment of
the geological properties and homogeneity of the rock environment.

Description and assessment of the indicators

C4a Spatial variability of the rock environment

Description of the indicator: the indicator reflects the spatial arrangement of the rock bodies,
i.e. the geometric relationships between, and the shapes of, the various bodies. This factor is
described in the form of a three-dimensional rock body which is made up of a single rock type
(according to Mixa et al. 2019, F r(eagn doanite avith
small paragneiss xenolites is mapped as granite, but the presence of xenolites is described in
the corresponding reports). The spatial variability captures the horizontal and vertical
distribution, i.e. the nature and frequency of the alternation of the various rock bodies in the
vicinity of the DGR site, usually at a scale of units of up to hundreds of metres. For example,
a site at which two contrasting rock types alternate repeatedly to a relatively low extent will
exhibit a low degree of petrographic variability, whereas a high degree of spatial variability may
present complications in terms of the design of the DGR. This indicator also includes an
assessment of the nature of the contacts between the various rock bodies (e.g. straight,
uneven, lobed, tectonic or petrographic transition).

Quantification: 17 the simple spatial variability of the rock environment in the horizontal and
vertical directions with simple contacts between the rock bodies, 5 - very complex spatial
variability of the rock environment with the alternation of various lithologies and with
complicated contacts between the rock bodies.

Results of the assessment of indicator C4a
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BSezovl (plavvblovg et al. 2020a)

The assessed area, i.e. the promising area for the project design work and its near
surroundings (hereinafter referred to as the polygons), appears to be relatively very
homogeneous; therefore, the site was assigned a grade for the C4a indicator of 2.1. The main
argument of the expert team concerned the fact that both polygons of the promising areas for
the project design work, ie. BSezovIi-N potokBSe z o0-8lare pmade ak of
homogeneous granodiorites with only a small number of aplite veins and veined quartz, without
the presence of xenoliths of the Moldanubian rocks (which occur mainly in the north and the
south-east of the area covered by the regional 3D model, and partly in the south-west; in all
cases outside the assessed polygons). The grade of 2.1 (only slightly worse than, for example,
those of the Ler t ovka and NaweS)ksites, mdthn2.0)(tdké>lnhto account the
presence of a significant veined occurrence of aplites, lamprophyres and veined quartz running

in the E-W direction between the two polygons and in the vicinity of the Pa | e {MavR o v-i ¢ e

Ve | k TcadAstral area. The Janoch (ETE-south) site, with a slightly worse grade of 2.2, was
assessed similarly to the BS e z o v T sitepdoe t@ the presence of a relatively thick strip of
variegated inserts (erlans, crystalline limestones and quartzites) that runs just to the south of
the promising area for the project design work.

Lerto(vikkaavl ovg et al. 2020b)

T h e thvkarsite was assigned an expert assessment grade of 3, which ranks it as the
weakest of the granite sites in terms of this indicator.

The coarse-grained biotite granite of the T i srkaksif, which makes up both of the promising
areas for the project design work, provides a good example of an homogeneous lithology. The
rock is only slightly variable and features no xenaoliths, deviations or enclaves, with only a
minimum of quartz veins and practically no aplites or pegmatites. However, due to the fact that
the assessment refers to the areas of the polygons that make up the promising areas for the
project design work as well as the surrounding areas (hereinafter the polygons), it is necessary
to take into account that Neogene effusions of olivine nephelinites occur in both polygons
(approximately 700 metres from the northern edge of the polygon for the promising area for
the project design work referredtoas L e r t eSwkdaround 1200 m from the southern edge
of the polygon of the promising area for the project design work of L e r t eNy. Khe edge of
the Permocarbon sedimentary Gi helthe Wcinsyiohboth
polygons, at a distance of approximately 300-400 m. Likewise, the boundary of the
Per mocarbon Gatec-Rpaotwvné k tatasistéhteafdmpmximately 300
m from the northern boundaryo f t h e -Neadlygoa. Inkha south, the southern boundary
of t he 4Seadygon liekaamaximum of 900 m from the contact of the T i sgkahite with
phyllites and clasts of the Thermal Crystalline, where the contact metamorphosed into cherts
gradually transforming into a regionally metamorphosed sequence of phyllites, clasts and
metagreywakes.

Although the target lithology itself consists of homogeneous granite, the expert team took into
account the presence of the diverse sequence of rocks in the vicinity, i.e. permocarbon
conglomerates, sandstones and siltstones, cherts, phyllites and Bohemian and tertiary effusive
nephelinites. Hence, the site was assigned a grade of 3.0.

Liha@law!l ov8 et al. 2020c)
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The promising area for the project design work and the surrounding area, appears to be
relatively homogeneous; thus, the site was assigned a grade of 2 for the C4a indicator. Only
the Horka (1.2) and HO) Siteseréceivedlbetter grades. The main argument from the
expert assessment team was the fact that the Klenov pluton comprises a homogeneous rock
block in terms of structure, grain size and mineralogical composition. Xenoliths of biotite
migmatites occur in the assessed area (the result of the absorption of Moldanubian
metasediments during the intrusion of the Klenov pluton), which serve to enhance the
variability of the environment. These xenoliths, measuring up to tens of metres are made up
of medium-grained migmatites with characteristic banding, with the alternation of positions rich
in biotite, sillimanite and cordierite (melanosomes) and positions with the predominance of
guartz and feldspars (leukosomes). Hence, t he L i h aabs$igpeds grddeof2va s

Horka(Havl ovg§ et al . 2020d)

The rock of the promising area for the project design work and the surrounding area appears

to be very homogeneous (unlike the rest of the site); therefore, the site was assigned a grade

of 1.2 for indicator C4a, i.e. the second best grade after the Hr § dséek(1.0). The assessed

area is made up of one main lithology, i.e. the durbachite (or coarse-grained porphyritic

mel anocratic granite t o Theyrachadf theeadea corftaing dnlgsmaliSe b2 | p
igneous enclaves with sizes of cm - dm, as well as isolated quartz veins of thickness of cm

and isolated veins of leucocratic muscovite-biotite granites with tourmaline of thicknesses of

up to 10 m. No other rock types were detected in the promising area for the project design

work and surroundings either by the geological mapping or the geophysical research.

Veined occurrences of leucogranites to aplites in the E-W direction are present at the Horka
site in larger numbers; however, they have been recorded outside (1.5-3 km to the east of) the
assessed area in the cadastralareasof Kamenn8& nad Os| avSmallingusions Budi go
of medium-grained biotite granites up to several hundred metres in size have been mapped
west of the assessed area around the alondgtheages of
western boundary of the 3D model, and around 4-5 km from the edge of the promising area
for the geological characterisation research. Several metres of thick quartz veins have been
recorded south of the southern boundary of the assessed area in the cadastral areas of
Host 8kov and Koj at 2 massessed ared in thecadasral areamffBochdviee.

As can be seen from the above, the assessed promising area for the project design work and
the surrounding area consists of homogeneous durbachite (coarse to medium-grained
porphyritic melasyenite to melagranite) with the presence of non-abundant small mafic
enclaves and isolated quartz and granite veins. Therefore, the expert team assigned the Horka
site a grade of 1.2 - only 0.2 points worse than that of the ideally homogeneous granite (without
the presence of veins and xenoliths)o f t he sitd{ 8d @&k . The NaweStksdel n2 m ( E
was assessed as slightly worse (2.0 7 compared to the Horka site, the EDU-west site features
a larger number of leucocratic granite and aplite veins and small granodiorite intrusions), the
Magdalena site was assessed as considerably worse (3.7 i a significantly larger number of
leucocratic granite veins compared to the Horka site), a n d t h e siteiadhisligtitly worse
(2.07 due to the presence of biotite migmatite xenoliths).

Hr §dEelevli ovg et al. 2020¢e)

The promising area for the project design work and the surrounding area oft he Hr §dek si
appears to be homogeneous and consists exclusively of granites, without the detected
presence of veins in either the rock or quartz (only small secretory lenses of which are present),
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and without the presence of xenoliths or other inhomogeneities. Although some
inhomogeneities do occur in the Eisgarn-type granites and partly along the contact of the

LeS2nek intrusion with the Moassgssaupronismgmareafohey do

the project design work and its surroundings. With regard to the proven vertical and sharply
demarcated shape of the intrusion, it is very likely that the same homogeneous rock will
continue to a depth of 500 m. Thus, t h e dite vias asdessed as ideally homogeneous,
with minimal spatial variability, and was assigned a grade of 1.

Janoch (ETE-south)(Havl ov8 et al. 2020f)

The assessed promising area for the project design work and near surroundings appears to
be predominantly homogeneous and is made up of monotonous paragneisses; nevertheless,
the site was assigned a grade of 2.2 for indicator C4a. The reason for the site not being
assigned a better grade comprised the fact that the immediate vicinity of the southern boundary
of the promising area for the project design work features a strip of variegated insert rocks with
the predominance of crystalline marbles and erlans, with the less frequent occurrence of
guartzites and amphibolites. Veined granitoids, aplites and pegmatites are also more abundant
in this zone. The strip runs E-W to ENE-WSW and the insert rocks are parallel to the foliation
and fit at medium angles to the NNW. Hence, the expert team assigned a grade of 2.2 to the

Janoch (ETE-south) site, which corresponds, for example, to the assessmentoft he BSezov I

potok (2.1)andL i h a d | sites(wRh.sithi)ar situations, i.e. homogeneous rocks make up the
promising area for the project design work, but a certain amount of lithologically differing rocks
occur nearby (veins, enclaves, xenoliths in the granitoid areas or insert meta-sedimentary or
veined rocks in the paragneisses of the Moldanubian).

To a limited extent (mostly in the east of the assessed area), the crystalline rocks are covered

with Neogene deposits. Isolated Tertiary denudationremnantsof t he Lesk® BudDj ovi

with a very irregular extent and thickness, reach a maximum thickness of 51 20 m for the Upper
Mydlovar formation and 507 70 m for the Lower Mydlovar formation. The crystalline rocks are
more deeply fossil-weathered below and around these occurrences. The Quaternary is
represented only to a minimal extent in the promising area for the geological characterisation
research, mostly fluvial sediments around streams or clayey-sandy slopes.

Krav? (Hava ovg et al. 2020g9)

The assessed promising area for the project design work and its near surroundings appears
to be extremely heterogeneous att h e Kr asite? thehefone,dt was assigned a grade of 5.
The difference compared t o t hsite(gsadecob3d) cflectsatee t

di verse | ithol ogi c &dra siet Thelipomisingereafdr the grogect Hesignv 2

work and the surrounding area contains a diverse mixture of orthogneisses, migmatites,
granulites and granulitic gneisses, serpentinites, amphibolites, clasts and paragneisses
accompanied to a lesserextentbypegmat i t e and apl it siteisl®fantise.
most variable of the candidate sites in terms of the number of rock types and their spatial
distribution.

Magdal(®aav|l ovg et al. 2020h)

The assessed promising area for the project design work and its surrounding area appears to
be rather inhomogeneous; therefore, the site was assigned a grade of 3.7 for indicator C4a.
The defined area consists of one main lithology, i.e. durbachite (or melagranite to melasyenite)
of the L er t &ypeo The rock features insignificant small (cm-dm) mafic microgranular

110

vari

The



The selection of potential sites for the Czech deep geological repository in the next stage of
research from 2020

enclaves; however, large quantities of the above-mentioned E-W leucocratic granite veins are
present. Although there are not so many leucogranites present in the promising area for the
project design work and the immediate area as in other parts of the wider studied area (hence
the promising area was defined here), nevertheless, hundreds, maybe thousands of small
bodies act to disturb the spatial homogeneity of the durbachite. The low degree of spatial
variability of the durbachiteat t h e Ma giscarhn®nta all thied¢ oéthe durbachite sites,
ie.Magdal ®naNa nd8k a lheavest), grede of 2 and Horka, grade of 1.2 sites, and
is similar 7 within the relatively small areas that comprise the promising areas for the project

design work i to the homogeneous granites ofthe BSe zovi pot olsitea(@Hand.i hadl o

2.0, respectively), which also evince the non-abundant presence of xenoliths, veins, enclaves
and other foreign bodies. However, the dense network of leucogranite and aplite veins was the
reason for the expert determination ofagradeof3 . 7, whi c h r a n lsiteinsehoad
to last position of all the candidate sites, followed in last position by the extremely spatially
diverse K r ahora site (grade of 5).

Na Skal n2west)(HEEDWWl ov 8 et al. 2020i)

The assessed promising area for the project design work and its surrounding area appears to
be relatively homogeneous in terms of the rock environment; therefore, the site was assigned
a grade of 2 for the C4a indicator. The defined area consists of one main lithology, i.e. the
durbachite (or coarse-grained porphyritcme |l anocr ati ¢ granite to
The rock features small (cm to dm) mafic microgranular enclaves as well as E-W leucocratic
granite and aplite veins and small granodiorite intrusions. The highest frequency of lithological
inhomogeneities was detected in the northern and western parts of the area covered by the
regional 3D model consisting mainly of fine-grained biotite granites, which form both veins and
small enclave bodies, as well as fine to medium-grained granites with biotite and tourmaline
appearing in the form of veins. However, these occurrences do not feature within the promising
area for the project design work or in the immediate vicinity, as with the east-facing
metamorphites. Thus they did not affect the determination of the grade, i.e. 2.

Magdal

syenit

The low degree of spatial variability is common to both of the durbachite sites of the T Se b 2 |

pluton, i,e. Na Sk al n avest) &nd Bdika, with grades of 2 and 1.2, respectively, and is
similar 7 within the relatively small areas that comprise the promising areas for the project

design work i to the homogeneous granites oftheBSe zov 1 pot o kiteg(@Hand i hadl o

2.0, respectively), which also feature the relatively rare occurrence of xenoliths, veins,
enclaves and other foreign bodies.

Tab. 13 Overall assessment of the sites for the C4a indicator according to reports by Ha v | ov 8
2020a-i

Site Indicator grade
BSezovl poto 2.1
Lertovka 3.0
Li hadl o 2.0
Horka 1.2
Hr §dek 1.0
Janoch (ETE-south) 2.2
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Site Indicator grade
Krav2 hora 5.0
Magdal ®n a 3.7
Na Skal navest) ( 2.0

C4b Petrological variability of the rocks

Description of the indicator: The indicator concerns the degree of homogeneity of the rock
environment within the basic lithostratigraphic unit (items in the geological map). The
petrological variability reflects the differences in the content of major rock-forming minerals,
the grain size and textural features. The various properties were determined based on a
detailed petrological description (macro and micro) and they have the potential to influence the
thermal conductivity and/or migration of fluids.

Quantification: 1 - simple petrological variability, i.e. the contents of the main and secondary
minerals, their grain size and textural features do not differ with concern to the lithology, 5 -
high petrological variability, i.e. the contents of the main and secondary minerals, their grain
size and textural features differ significantly with concern to the lithology.

Results of the assessment of indicator C4b

BSezovl (Havblbvg et al. 2020a)

The assessed promising area for the project design work and the surrounding area comprise
petrologically uneventful granodiorites in the studied rock polygons,ie.BSe zovkNagnd t o
B Se z ov I-S; however kthe grade also reflected the presence of petrologically differing
veined rocks in the vicinity, especially lamprophyres, leucogranites to aplites and veined
quartz. Hence, t he B S e sitewa$ asgigoed a dgrade of 2.1.

Lerto(vikkaavl ovg et al. 2020b)

Agradeof2 . 2 r ank s tsite mthéseaortd last @osition with concern to the granitoid
candidate DGR sites. Only the N a -w&Hh sile nnvasmasséskeD s being
petrologically more variable of these sites (grade of 2.5), concerning which the expert team
took into account the significant facial variability of the melanocratic granites to syenites in the
promising area for the project design work and surrounding area, as well as the presence of
veins of aplites, pegmatites and leucogranites, mafic enclaves and stromatitic migmatite
xenoliths. While the Janoch (ETE-south) site (2.3), made up of monotonous paragneisses was
also evaluated as relatively slightly more variable, the assessment took into account the
presence of a strip of variegated inserts (especially crystalline limestones, erlans and
quartzites) in the afore-mentioned monotonous Moldanubian paragneisses. This strip, which
also contains veined rocks - aplites, pegmatites and veined quartz - runs near the southern
edge of the promising area for the project design work. The sequence of rocks at the Kr a v 2
hora site was considerably more variable, which explains the significant interval between the
worst and the second worst grades assigned (5 and 2.5, respectively).
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Li hat¢Havl ovsg8 et al. 2020c)

The assessed promising area for the project design work and the surrounding area contains
petrologically significantly different types of rocks (petrologically uneventful muscovite-biotite

granites of the Klenov pluton versus biotite migmatite xenoliths with sillimanite and cordierite);
however, Moldanubian xenolites occur in this area only rarely, despite being more frequent in

the central part bet we €ns, tMoe tleisitadas kssigned Rgraden2 r o v
of 2.

Horka( Havl ovsg &t al. 2020

The grade of 1 assigned to the durbachite of the Horka site reflects the lithologically ideally
homogeneous environment made up of amphibolic-biotite durbachites (medium to coarse-
grained melasyenites to melagranites with a porphyritic texture). Other rock types are rare i
see the description provided for indicator C4a. The second best area in this respect comprises
theHr § d e Ka skghtly lewer grade of 1.4), which also contains practically no differing types
of rocks (xenoliths, veins, etc.); however, porphyritic and non-porphyritic textured rock types
are present. The Na (EBU-westhsiten al so | ocated in the durba
pluton, evinced greater textural and lithological diversity - locally smooth transitions from the
dominant variety of porphyritic melasyenite to lighter melagranites, and more leucocratic and
minority medium to coarse-grained biotite syenite to granite in places with amphibolite
alternate with varieties of locally porphyritic and locally non-porphyritic durbachites; therefore,
a grade of 2.5 was assigned to this site.

Hr § d(etkavli ov§ et al. 2020e¢e)

Theassessedar ea consists mainly of LeS2nek granite a
which is made up of several types (whiterock, R o h o z n § ,; theWari§us type$ ohgranite

differ in terms of their petrography, composition and texture and mainly comprise fine to
medium-grained two-mica or muscovite-biotite granites with a hyper-automorphically grained

structure. Characteristic accessories comprise ilmenite, apatite, zircon and monazite;

andal usite is someti mes pr eesiread hypertaet@rphicigraimgr ani t e
structure and, in some places, they occur in the porphyritic variety with feldspar grains up to 3

cm in size - usually medium to coarse-grained muscovite to two-mica granites.

As with the C3c and C4a indicators, there were diametrical differences between the various
sites in terms of the petrological variability (monotonous granitoids versus the varied
met amor phi ¢ gr oup ssiteh Therefdreg thekfull grading $calerch 1 to 5 was
applied for indicator C4b.

Due to the absence of rocks other than granites (see indicator C4 a ) , t h site tas8 d e k
assigned the second best grade of 1.4 by the expert assessment team. Only the Horka site
received a better grade, i.e. 1 due to the assessed area consisting of only one type of
durbachite, without any textural or petrographic variations. However, the small difference
between the grades reflected the only slight variance between the two sites. Since the other
granitoid sites usually contained veins or xenoliths, they were assigned slightly worse grades

with respect to both their spatial and petrological variability.

Janoch (ETE-south)(Havl ov8 et al . 2020f)

The assessed promising area for the project design work and the immediate vicinity contain
petrologically only slightly varied uneventful migmatised biotite and sillimanite biotite
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paragneisses; however, the wider surroundings of this area features petrologically differing
insert and vein rocks, predominantly crystalline limestone and, to a lesser extent erlans,
guartzites and non-abundant veined bodies of leucogranites and pegmatites. Therefore, a
grade of 2.3 was assigned to the Janoch (ETE-south) site. This assessment is worse than, for
example, those oftheBSezov i .pandMa g d &1 @psites, @avhich rocks that are
petrologically-related to the host lithology (especially aplites and pegmatites in granites) occur
in the vicinity of the promising area for the project design work. However, the grade is better
than, for example, thatofthe Na Sk a | n avest) it&(R.8), where the promising area for
the project design work features various types of melanocratic granites and syenites with
abundant veined leucogranites, aplites and pegmatites and buried enclaves of stromatitic
migmatite. Moreover, in the immediate vicinity of the eastern borders of the EDU-west - NE

and EDU-west i S promising areas for the project designwork, t he TSeb?2 | pl uton

contact with the Moldanubian. Therefore, the grade awarded to the EDU-west site was
correspondingly worse than that of the Janoch (ETE-south) site.

Krav? (Hava ovg et al. 2020g9)

The mainrocktypesoftheSt r 8§ g e ¢ Mmounitd(thenwedtern and central parts of the area
of interest) include stromatitic biotite migmatites and leucocratic migmatites with amphibolite
and amphibolic gneisses with evidence of weak migmatisation and with lithologically
contrasting rock inserts (amphibolites and migmatised amphibolites, calcium silicate rocks).
The granulite of the Drahon2n mas snade upiofsquadaz,
potassium feldspar and plagioclase with the occurrence of porphyroblasts of hyper-

aut omorphic kyanite ansitke, whishrwaseassigned ehgeadelof 5davthe h or a
C4b indicator, is orders of magnitude more varied than the second most varied Na Sk a |l

(EDU-west) site which was awarded a grade of 2.5.
Magdal(®daav|l ovg et al. 2020h)

The grade assigned for the C4b indicator rankedt h e Ma g sitaih &relaively favourable
position among the assessed candidate sites. The durbachite rock features only a minimally
variable lithology. While the mafic enclaves differ petrologically, their rare occurrence rendered
them insignificant. The only rock type that served to enhance the petrological variability
comprises veins of leucocratic granites, often with accessory tourmaline and muscovite.
Although the veins of leucogranites represent a significant spatial inhomogeneity, they are not
mineralogically significantly different from the L e r t melagranites to melasyenites. This
factor made up the main reason for the assignment of a grade of 2.0 for the extent of the
petrological variability.

The promising area for the project design work and the immediate surroundings of the Horka
site (grade of 1) comprise exclusively monotonous durbachite (although granite intrusions and
aplite veins do occur in the wider vicinity of the promising area). On the other hand, the
dur bachites in the defi ned a rsikedgradefof 25nhcentad an
enhanced number of granodiorite veins and granite intrusions; moreover, the rocks of the
TSeb2| mas si f i featutethe smedthuodal texmsitioan froendhe dominant variety
of porphyritic melasyenite to lighter melagranites or non-porphyritic durbachites. The B S e z
pot ok, Ler t ov lsies, with gradésiofh2dl d2l12@and 2.0, respectively, comprised
similarly homogeneous granite environments, disturbed only by xenoliths of differing rock types
and aplite and pegmatite veins.

Na SkaEDRPwesty(HavI|I ovg et al. 2020i)
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The dur bachite of t h e -wdsth siteS ¢comprised e lithpldgiddlly relatively

uneventful rock environment although, for example, in comparison with the ideally
homogeneous durbachite Horka site, the rocks ofthe TSe b 2 | aftakes i Ka Ska-l n2 m ([
west) site feature a significantly greater degree of textural and lithological diversity, with the

gradual local transition from the dominant variety of porphyritic melasyenite to lighter
melagranites, and leucocratic and minor medium to coarse-grained biotite syenite to granite in

places with amphibolite alternating with locally porphyritic and locally non-porphyritic

durbachites. Moreover, the frequency of the leucocratic granite and aplite veins, including
tourmaline-biotite granites and intrusions of small granodiorite bodies, is higher than, for

example, that of the completely non-varied Horka site.

Tab. 14 Overall assessment of the sites for the C4b indicator according to reportsby HavIl ov 8 et al
2020a-i

Site Indicator grade
BSezovIli potok 2.1
Lertovka 2.2
Li hadl o 2.0
Horka 1.0
Hr 8dek 1.4
Janoch (ETE-south) 2.3
Krav?2 hora 5.0
Magdal ®na 2.0
Na Skal navest) ( E 2.5

Procedure applied for determining the grades for the C3 and C4 criteria

The grades assigned for the C3 and C4 criteria were determined by a team of experts from the
Czech Geological Survey, which participated in the fSeological interpretation of field
geophysical data for the updating of the 3D structural-geological models of the potential DGR
sitesO pr.oj ect

The expert team consisted of 15 members including researchers who were responsible for the
assessment of the individual sites (9 members) and experts with an overall knowledge of all
the sites, i.e. the leader of the Geofyzika project, the deputy project leader, the chief
geophysicist, the chief hydrogeologist, the chief researcher for the DFN modelling and the chief
researcher for the 3D geological modelling.

The determination of the grades for the criteria was a gradual process with the various
responsible researchers presenting a paper on the structure of the respective site from the
point of view of the assessed criterion taking into account all the positive and negative
characteristics and uncertainties. Subsequently, grades were proposed for the sites by the
project leaders and a discussion was held aimed at balancing the sites as accurately as

115



The selection of potential sites for the Czech deep geological repository in the next stage of
research from 2020

possible. The discussion on each criterion was conducted until the expert team achieved
consensus on the grades for the criterion, i.e. no voting was held on the grades, nor were the
grades the result of the average of the range of opinions.

Subsequently, the background materials with the set grades were submitted to the project
leader and expert panel members for further consideration and comments; one week was
allowed for the raising of further such proposals and arguments, which were then considered
by the expert team until consensus was reached and the final grade was assigned to the given
criterion for each site.
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Fig. 19 Geological maps of the candidate DGR sites

117



The selection of potential sites for the Czech deep geological repository in the next stage of

research from 2020

Janoch (ETE-jih)

)

4
)
/

Fig. 20 Geological maps of the candidate DGR sites

118

TZ 465/2020
Kravi hora Magdaléna
ov| s > /J{
< Svratkou / \
&J;///’g\\ \) y
N\
\
N
kov
)
) : .
// L 0 1 2Km
Legend
suitable area for the [E) durbachite quarzite, sandstone
project 1 serpentinite
: y granodiorite - calcsilicate rock
=1 veln.gran.ne = (lubenec type) B veinquartz
B granite (Eisgam type) granodiorite ~ metaryolite

1 granite (Blatno type) = (Cervensky type)
| granite(Tistype) ~ ~ phyllite, micaschist © mid corse btgranite

[ claystone,mudstone ~ sandstone to syenite
[0 ortogneiss tomigmatite sandstone,
Nl conglomerate quartz sandston
0 olivine ] ite
0 lamprophyre porphyry ledenice formation:
2 clay sandstones and
[0 paragneiss = ?nri':ri'-lnaz'its:w gravels
igmatitized bt and e aryfom‘?gom
g Migmatit an © sandstones, san
sil paragneiss it pegmatit claystones
- ortogneiss andcl:tyi:mns
migmatitized vein granite pegm
paragneiss to and deformed ~ leukocratic vein
migmatite granodiorite © granite
quarcite ~ amphibolite _ _
B :analcime bazanite marble Btand sitparagness
I syenita (Tébor type) I peridotite, serpentinite
aplite

A



The selection of potential sites for the Czech deep geological repository in the next stage of
research from 2020

5.8.6 Criterion C5: Water flow characteristics in the vicinity of the DGR
and the transport characteristics (water flow rate in the repository
and the permeability of the rock mass)

Description of the criterion: the evaluation of the hydrogeological and transport
characteristics of the site (such as the analysis of the direction, size, flow velocity and transport
between the repository and identified drainage areas) constitutes important input information
for the assessment of the safety of the DGR. Radionuclides could potentially migrate from the
repository only in the liquid or gaseous phases, and only if the sealing effect of the engineered
barriers is disrupted. The formation of gases in the disposal area is undesirable and is
prevented via the technical design of the SNF disposal system. The most important pathway
for the spread of radionuclides into the surrounding environment (the biosphere) is considered
to be their migration via flowing groundwater.

Crystalline host rocks, which are assumed in the Czech DGR Concept, are very impermeable

(Uhl 2k et al. 2015) , and groundwater flows at t
systems. The characteristics of groundwater flow in the crystalline rocks of the Bohemian
Massi f are described in detail in Krg&snl et al

optimised with regard to the occurrence of preferential groundwater flow pathways associated
mainly with fault zones. The velocity and magnitude of groundwater flow comprise important
factors that influence the potential transport of radionuclides both in the disposal area (the
near-field of interactions) and in the rock mass (the remote-field of interactions). With respect
to addressing the various problems associated with the siting of the DGR, the descriptive
(qualitative) approach is insufficient. Groundwater flow and transport must also be quantified
for the purposes of the safety assessment of the future DGR.

For the purposes of describing and quantifying the hydrogeological and transport conditions of

the assessed candidate DGR sites, models of the groundwater flow and advective transport

from the DGR areas were compiled for each site. The modelling work took place in three

phases in cooperation withexpert s from PROGEO, the Technical U
feg and the Czech Geological Survey. Firstly, r
followed by detailed (version 1.2) and finally-updated detailed models (version 1.3). The final

updating of the models reflected new data obtained from the latest structural research projects

(Mixa et al. 2019). The updated siting of the DGR was also taken into account in accordance

with a siting study compiled by Zahradn2k et al

The research conducted via foreign modelling approaches to the siting of deep geological
repositories was summarised by Uhl 2k et al . 20
applied for the creation of, and overview of selected results from, regional groundwater flow

models ( hydr ogeol ogi cal model s) ar e provided i n U
i nformation on detailed hydrogeol ogical model s
summary report on transport models created on the basis of detailed hydrogeological models

is available in f2ha et al. 2018.

The final updated hydrogeological and schematic transport models of the sites (version 1.3)

are described in Baier et al. (2020 a,b) for th
(2020 a,b) for tHHeal®anrat csvkKaesand aM&kgpvec et al . (
(ETE-sout h) and Na-wekallnxsimnteBDUUhI 2k et al. (2018
hora sites and Pol 8k et al. (2018) for the Lihad
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by these models provided the basis for the assessment of the various indicators of the C5
criterion (as well as the C6 indicators described in the following chapter). With respect to the
group of indicators and criteria that concern the long-term safety of the deep geological
repository, the information taken into account in the C5 and C6 criteria is summarised in reports
byHa v | ov §2020a-i). dHe choice of indicators for criterion C5 was based on a list of the
hydrogeological and transport properties of the geosphere, the consideration of which is
essential in terms of the assessment of the long-term safety of the DGR (Safety Case; Turva
et al. 2012).
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C5a Flow time from the DGR to the drainage area
C5b,c Flow rate at the DGR level, Permeabity in the DGR area
C5d Descending vertical flow component
C5e Maximum permeability of failure zones up to 500 m from the DGR boundary)
cs5f Specific flow in the DGR area
C5g Dilution ratio

> Number of drainage streams
Céb,c Extent of drainage from the DGR area via a single stream, Extent of drainage

from the DGR area into a single river basin
Horizontal distance of the DGR from the drainage location

Fig. 21 Scheme of the indicators of the C5 and C6 criteria

Description and assessment of the indicators

Cb5a Flow time from the DGR to the drainage area

The velocity of the groundwater flow between the disposal area and the drainage area in the
near-surface zone varies between the sites depending on the hydraulic resistance of the
environment and the hydraulic gradient. The time of groundwater flow into the drainage areas
(bases) also depends on their distance from the DGR area.

According to the results of the hydrogeological models of the assessed sites, the groundwater
flow in the near-surface zone most frequently attains a velocity of hundreds of metres per yeatr,
while at greater depths in the rock mass, it attains a maximum of tens of centimetres per year.
The hydraulic connection between the DGR area and the drainage bases is characterised by
the flow time parameter (indicator C5a), which expresses the retention time of the groundwater
in the rock environment during flow from the disposal areas to the drainage bases.
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Description of the indicator: based on the hydrogeological and transport models of the
candidate DGR sites and their updating, the lower (25%) quartile of the advective progression
of groundwater will be determined between the DGR area and drainage bases.

Quantification: value (in years). Longer progression times form a prerequisite for the efficient
functioning of the rock environment as a natural barrier. Conversely, sites with shorter
progression times are less suitable from this point of view.

Results of the assessment of indicator Cha

BSezovl (Hatvodl v®20a)t al

The first quartile of the groundwater flow time from the DGR to the drainage bases was

calculated via the model ofthe B S e z o v TsitemiB2 Dbt ears. The flowtimesatt he BSezov
potok site most frequently ranged from 6,000 to 50,000 years (the interdecile range Qo1 - Qoo

results).

Lert olvikaav | o vZ®20R)t all

The first quartile of the groundwater flow time from the DGR to the drainage bases was
calculated via the model of t h e L e site at ,K26é years. The flow timesatt he Lert ovka
site most frequently ranged from 1,398 to 4554 years (the interdecile range Qo.1 - Qo results).

LihatHav!l ov®20©t al

The first quartile of the groundwater flow time from the DGR to the drainage bases was
calculated via the model oft h e L isiteatd3J2Gy years. The flow times att he Lisikead!| o
most frequently ranged from 2,500 to 11,000 years (the interdecile range Qo.1 - Qo results).

Horka( Hav |l o v®20&)t al

The first quartile of the groundwater flow time from the DGR to the drainage bases was
calculated via the model of the Horka site at 2,889 years. The flow times at the Horka site most
frequently ranged from 2,070 to 24,600 years (the interdecile range Qo.1 - Qo.o results).

Hr 8 d(etkav | o v®20e)t al

The first quartile of the groundwater flow time from the DGR to the drainage bases was
calculated via the model of t h e H si® dtel,B13 years. The flow times att he Hmri®dek
most frequently ranged from 3,000 to 35,000 years (the interdecile range Qo.1 - Qoo results).

Janoch (ETE-south)( Ha vl ov®20Rgt al

The first quartile of the groundwater flow time from the DGR to the drainage bases was
calculated via the model of the Janoch (ETE-south) site at 39,164 years. The flow times at the
Janoch (ETE-south) site most frequently ranged from 14,000 to 380,000 years (the interdecile
range Qo.1 - Qoo results). The relatively long flow times at the Janoch (ETE-south) site are the
result of the location of the DGR below a third-order watershed featuring significant descending
flow to deep crystalline areas that are characterised by low hydraulic conductivity values.

Krav? (Havda ovg et al. 2020g)

The first quartile of the groundwater flow time from the DGR to the drainage bases was
calculated via the model oft h e K r asite?at 2|8461years. The flowtimesatt he Kr av 2 hor
site most frequently ranged from 1,800 to 47,900 years (the interdecile range Qo.1 - Qo.oresults).
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Magdal(®haav | o v®20k)t al

The first quartile of the groundwater flow time from the DGR to the drainage bases was

calculated viathe modelofthe Ma g d a | ® n 4,228 yeare ThaflowtimesattheMa gd al ®n a

site most frequently ranged from 1,004 to 4,103 years (the interdecile range Qo.1 - Qogresults).

Na Skal n2west)(EHRWI ovEg et al. 20201 )

The first quartile of the groundwater flow time from the DGR to the drainage bases was
calculated viathe model oft h e Na Sk a-Weasty site a{ 3PM6Years. The flow times at
t he Na Sk a-wesh site iostDrequently ranged from 3,300 to 39,000 years (the
interdecile range Qo.1 - Qo.o results).

Tab. 150ver al | assessment of the sites for the Cba
2020a-i
Site Indicator value (years) Indicator grade
BSezovi poto 8214 4.3
Lertovka 1726 4.9
Li hadl o 3 207 4.8
Horka 2 889 4.8
Hr 8dek 4 813 4.6
Janoch (ETE-south) 39 164 1.0
Krav?2 hor a 2 846 4.8
Magdal ®n a 1222 5.0
Na Skal navest) ( 3946 4.7

C5b Flow rate at the DGR level

The velocity of groundwater flow at the level of the underground part of the repository will
influence the extent of the mass flow of contamination from the disposal areas of the DGR.
The groundwater flow rate is influenced both by the hydraulic gradient (which depends on the
morphology of the terrain in the area of the DGR) and the permeability of the rock massif. The
C5b indicator concerns the assessment of the sites in terms of the factor that influences the
intensity of the transport processes underway at depth in the DGR.

Description of the indicator: based on the hydrogeological models of the candidate DGR
sites and their updating, the maximum velocity of groundwater flow will be determined in the
rock mass in the area and at the level of the DGR.

Quantification: value of the maximum groundwater flow rate (m.year?). Lower velocities form
a prerequisite for the efficient functioning of the rock environment as a natural barrier. Sites
with more rapid flow through the DGR area are less suitable from this point of view.

Results of the assessment of indicator C5b (Hav 1l ov§ et) al. 2020a
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The range of calculated flow velocities in the disposal area for assessment purposes was
determined fortheBSe z ov 1 pab(0.02%i Osl7) mgear?, forthe L e r t ite lat40.34

i 0.70) m.year'?, for the L i h agité ab (0.18 i 0.50) m.year'?, for the Horka site at (0.16 i
0.46) m.year' !, for the Hr § dséekat (0.2 1 0.6) m.year?, for the Janoch (ETE-south) site at
(0.06 1 0.13) m.year?, forthe K r ahora site at (0.04 7 2.39) m.year?, forthe Ma g d a Isite n a
at(0.2471 0.49) m.year'*andfortheNa Sk al n 4vest) it&dD(0.06 1 0.34) m.year™. The
maximum value was selected as the indicator value.

Tab. 16 Over al | assessment of the sites for the C5b
2020a-i
Site Indicator value Indicator grade
(m.year?)
BSezovi poto 0.17 1.1
Lertovka 0.7 2.0
Li hadl o 0.5 1.7
Horka 0.46 1.6
Hr 8§8dek 0.56 1.8
Janoch (ETE-south) 0.13 1.0
Krav?2 hor a 2.39 5.0
Magdal ®n a 0.49 1.6
Na Skal navest) ( 0.34 1.4

C5c Permeability in the DGR area

The isolation part of the rock mass (below the subsurface layer of weathering and the
discontinuation of fractures level) is made up of crystalline rocks at all the candidate sites.
From the hydrogeological point of view, it comprises a heterogeneous anisotropic environment
with fractured permeability. Due to the geostatic pressure, with increasing depth below ground
level, the fractures are i s g u e etlue résdlting in a decrease in the permeability of the rock
mass. With respect to the hydrogeological models, the nonlinear decrease in permeability is
given by the empirical equation by Gustafson and Liedholm (1989).

The hydrogeological models of the assessed sites provide a comprehensive spatial impression
of the permeability distribution of the potential DGR host rock masses. The C5c indicator
concerns the assessment of the sites from the point of view of the factor that acts to influence
the intensity of underground water flow through the DGR area and, thus, the transport
processes from the DGR area.

Description of the indicator: based on the hydrogeological models of the candidate DGR
sites and their updating, the maximum permeability of the rock mass will be determined at the
level and in the area of the planned DGR.

Quantification: the value of the maximum permeability (m.s™?). Sites with higher rock mass
permeability values are less suitable from this point of view. A lower degree of permeability
forms a prerequisite for the efficient functioning of the rock environment as a natural barrier.
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Results of the assessment of indicator C5c (Hav |l ov§8 et) al. 2020a

The range of permeability values wa s determi ned for t he BSezo
(1.05.10° m.sto 1.35.10°) m.s?, forthe L e r t ositekata(1.0.10'° m.s'? to 1.4.10'°) m.s'?,

forthe L i h agitd ab(1.1.10"° m.s"*to0 2.2.10"°) m.s'?, for the Horka site at (2.6.10'° m.s''to

3.5.10'% m.s'!, for the Hr § d sit& at (1.2.10° m.s? to 1.9.10°) m.s?, for the Janoch

(ETE-south) site at (6.6.101° m.s*to 8.3.10°) m.s%, for the K r ahora site at (3.4.101° m.s?

to 7.0.10°) m.s?, for the Ma g d a Isi@ mta2.7.10'° m.s'*to 3.6.10'°) m.s'! and for the Na

Sk al n2 mwve$t)Bi2dt (2.6.10° m.s*to 3.2.10°) m.s*. The maximum value was selected

as the indicator value.

Tab. 170ver al | assessment of the sites for the C5c¢c indi
2020a-i
Site Indicator value (m.s™) Indicator grade
BSezovl poto 1.4E-09 2.0
Lertovka 1.4E-09 2.0
Li hadl o 2.2E-09 2.8
Horka 3.5E-09 3.7
Hr 8dek 1.9E-09 2.6
Janoch (ETE-south) 8.3E-10 1.0
Krav?2 hora 7.0E-09 5.0
Magdal ®n a 3.6E-09 3.8
Na Skal navest) ( 3.2E-09 3.5

C5d Descending vertical flow component

With respect to all the assessed sites, standard vertical pressure field development can be
assumed, involving a decreasing underground water flow component in the infiltration areas
(a decrease in the hydraulic height with depth) and an ascending underground water flow
component in the drainage areas (an increase in the hydraulic height with depth). In addition
to the morphology of the terrain, the pressure conditions of underground water flow are also
affected by the permeability of the rock mass, which is heterogeneous and anisotropic. These
properties are dependent more on the course of tectonic failures, fracturing and the state of
stress of the rock mass than the lithology. The flow pressure field is deformed in tectonic zones,
which serve to effectively connect areas with differing hydraulic heights.

The C5d indicator provides for the assessment of the sites in terms of the degree of
representation of the descending underground water flow component in the DGR area. The
occurrence of the descending flow component influences the length of transport pathways and
the underground water retention time, and thus the effectiveness of retardation processes with
concern to the transport of radionuclides (diffusion into the rock matrix, sorption,
decomposition). The vertical pressure ratios of the disposal areas determined by the model for
the assessed sites are shown in Fig. 22.
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Description of the indicator: based on the hydrogeological models of the candidate DGR
sites and their updating, the proportion of the DGR area with a descending vertical flow
component will be determined.

Quantification: the percentage (of the DGR area). A larger area with a descending flow
component will serve to extend the transport pathways. Therefore, sites with lower proportions
of the vertical descending groundwater flow component will be deemed less favourable.

Results of the assessment of indicator C5d

BSezovl (Hatvodl v®20a)t al

Zones of descending groundwater flow are located at the level of the repository (35 m below

sea level) in the area of a regional hydrological watershed st r et chi ng fraeem t he
north of , tweail® thé e of the Baba hill. According to the results of the
hydrogeological model, descending flow occurs over 74% of the projected area of the DGR.

Areas of ascending flow are located in the eastern part of the DGR area, which is influenced
bythedr ai nage effect of the Idrf pak af thsaDRGR araaywhicheismd i n
influencedbytheBSezovi stream basin.

Lert o(vtkkaav | o vZ®20)t al

Descending groundwater flows occur in the higher parts of the site, while areas with the highest
occurrence of ascending flows are concentrated in deeper valleyss uch as the St Sel
Descending groundwater flow conditions prevail in the southern part of the promising area for

the project design work. The drainage area is located in the north of this areaintheL e g e c k T
stream headwater area.

The results of the hydrogeological model led to the conclusion that the descending
groundwater flow component prevails except for the northern edge of the area of the
underground part of the DGR. Descending flow occurs over 87% of the area of the projected
DGR rock polygon (located at a level of 130 m below sea level). The drainage influence of the
L e § e stredm is evident at the northern edge.

LihattHavl ov2®20©t al

The descending groundwater flow area is located in the north-eastern part of the DGR area in

t he Br dréaland thé dolth-western slope thereof. Descending flow occurs over 58% of

the projected DGR area. An area with a negative vertical pressure gradient (ascending flow
component) is located in the south-western part of the DGR, where the level of the terrain

above the projected DGR declines towardst he F el i ce a rstceamK bng itheiv s k ®
confluence.

Horka( Hav |l o v®20&)t al

The descending groundwater flow component prevails in the area of the underground part of

the DGR; the maximarelatetotheHo d o v s k 8§ e | @herautnanted eleaatiaths between
Rud?2kov and Hodov. According to t hflewcompnehtt s of
applies to 81% of the DGR underground area. An area of ascending flows in the DGR area

was identified via modelling in the Ma S édadwater area. A larger area of drainage (and
upward f 1l ow) in the vicinity of t he DGR ,i s as
associated with the M| T n strkam headwater area.
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Hr 8 dlekkav |l o v®20e)t al

Descending groundwater flow prevails over 97% of the DGR area, related mainly to a regional

hydrological watershed thatc onnects t he P Sedn hils.sAkcéndiag flawsd L e S2
occurinthe DGRareaon |l y i n t h estréhm draimage@$as(thd southern part of the

projected DGR area).

Janoch (ETE-south)( Hav |l ov®20gt al

Descending groundwater flows prevail at the repository level over practically the entire area,
with a maximum gradient below the Pakostov hill. An area of ascending flows extends only
marginally into the NE part of the projected DGR area. Descending groundwater flow prevails
over 99% of the projected DGR area. The most significant area of ascending flows in the
vicinity of the DGR is located in the east of the area, which is influenced by the drainage effect
of the Rachal ka stream.

Krav?2 (Hawvad ovX®20gt al

Descending groundwater flow is related to the upperpart s of the StS2tedg rid
hora i Dejmalka hills. Descending flow changes to ascending flow towards the B o b r Tandk a

Ne d v Dddrdinkga bases and in the Ro g n 8§ a nfldode® mige working areas. The

projected underground part of the DGR is located almost exclusively in the area with a

descending flow component, which makes up 98% of the projected DGR area according to the

modelling results. The ascending groundwater flow component occurs insignificantly in the

underground area of the DGR along its western edge, which is influenced by drainage from

t he BulmB® kbl Tstrdara basins.

Magdal(@&haav | o v®20e)t al

Descending groundwater flow occurs in the upper parts of the area (the Pahrbek hills near to

the NE part of 1} Areas With thelrmobkt®gndicarg dctugence of ascending

flowmsar e concentrated in the Smut ndastemapbris efthe The s
promising area for the project design work are situated in an infiltration area. The drainage

area occurs mainly in the central part of the promising area-al ong t he Snieann§ val |
be concluded from the results of the hydrogeological modelling of the site that the DGR is

situated in a drainage area except for its north-eastern part. Descending groundwater flow (at

the level of 1 m below sea level) makes up just 26% of the DGR area.

Na Skal n2west)(( HRW I ov®20@t al

Descending groundwater flows occur below the elevated parts of the area. The highest
descending flow gradient occurs in the promisingar ea bel ow t he DédeendiBk al n2 m
flows occur over 85% of the area of the projected DGR. Ascending flow areas are concentrated

below the drainage streams and extend into the northern and, marginally, western parts of the
underground area of the DGR.
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Tab. 180Ov er al | assessment of the sites for the Cb5d
2020a-i
Site Indicator value (%) Indicator grade
BSezovi pot ok 74 2.4
Lertovka 86 1.7
Li hadl o 58 3.2
Horka 81 2.0
Hr §dek 97 1.1
Janoch (ETE-south) 99 1.0
Krav?2 hora 98 1.1
Magdal ®n a 26 5.0
Na Skal navest) ( E 85 1.8

C5e Maximum permeability of failure zones up to 500 m from the DGR boundary

The hydrogeological models of the assessed sites provided a comprehensive spatial
impression of the permeability distribution of the potential DGR host rock masses. The concept
of the modelled description of underground water flow in the hydrogeological environments of
the rock masses of the sites (with concern to safety) presupposes the existence of bands of
enhanced hydraulic conductivity related to known tectonic fault zones. It can be assumed that
preferential flow from the deeper horizons of the rock mass towards surface drainage bases is
more likely in failure zones around significant deep-reach faults. The flow of underground water
between the DGR and drainage bases may be adversely impacted (accelerated) by the
presence of such failure zones.

Failure zones are classified in terms of three categories according to their significance (using
the approach of Andersson et al. (2000)). The first category is the most important. It is assumed
that 1st category failure zones enhance the permeability of the rock mass to the greatest
extent.

The Cb5e indicator serves for the comparison of the sites in terms of the occurrence of
permeable zones associated with tectonic failures.

Description of the indicator: based on the hydrogeological models of the candidate DGR
sites and their updating, the maximum permeability of the rock environment will be determined
related to the occurrence of failure zones at the level of the DGR up to a distance of 500 m
from the boundary of the disposal areas.

Quantification: the value of the maximum hydraulic conductivity (m.s™). Higher failure zone
permeability levels in the vicinity of the DGR will be deemed less favourable from the point of
view of siting.

Results of the assessment of indicator C5e
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BSezovl (Hatvodl v®20a)t al

Three 1st category failure zones feature in the vicinity of the projected DGRareaat t he
potok site with hydraulic conductivities in the order of 108 m.s™:

9 afault zone that lines the northern border of the promising area for the project design work
running SE-NW that followsthe Koz | 2 ns kT stream i nt osfwhihe
projected DGR area;

1 the above-described fault zone intersects NW of the promising area with a zone leading
from S to N along the W boundary of the promising area;

9 asignificant fault zone runs along the E boundary of the promisingar ea i n t he
(a DGR groundwater drainage stream) valley.

The western part of the promising area features a NW-SE 2nd category fault zone that leads
to the intersection of other 2nd category fault zones in the Jelenovice area, which serves for
the significant drainage of groundwater from the underground part of the DGR. The hydraulic
conductivity of the 2nd category fault zones attains a maximum value of 1.0.10® m.s? at the
level of the DGR (and at a distance up to 500 m from the DGR area boundaries). The hydraulic

BSezov

h

grou

H8j ek

properties of these zones are of cogsitsandjamedbl| e i

with current knowledge, it is not possible to completely rule out the hydraulic connection of
these fault zones with the rock mass environment of the underground part of the DGR (the
course and character of such zones at DGR depth cannot be verified at present).

The maximum hydraulic conductivity of the fault zones at the DGR level up to 500 m from the
boundaries of the underground part of the DGR is 1.8.10% m.s™.

Lert olvikaav | o vZ®20)t all

The eastern limit of the granite rock mass (and the promising area) at t he Isieist ov k a

determined by, whitreis a@dompanied byaaudistinctive topography with the
ascending flow of groundwater. The proposed location of the DGR is approximately 1 km west
of this fault and its position in the promising area is determined by 2nd category faults. The
flow in the vicinity of the promising area for the project design work is further influenced by two
2nd category faults along the St r u h at®ankvélley.

Groundwater from the projected DGR drainsint o t h e n e astréay drairegedasé
via parallel 2nd category faults running NW-SE, which feature significant ascending flows. The
hydraulic conductivity of the 2nd category fault zones attains a maximum value of 6.9.10'°
mA' ! at the DGR level (and at a distance of up to 500 m from its boundaries). No 1st category
fault zones occur within 500 m of the boundaries of the DGR area.

Li ha@Hav!l ov®20©t al

With respect to the siting of the DGR at the L i h agitd, the most significant of the assumed
fault networks comprises a 2nd category fault running along the south-eastern boundary of the
DGR rock polygon. The line of this fault zone is visible on the surface as a depression with the
f el i ce eadwateaarea. The significant 1st categoryLod h®Sov f a u |l the
north-south direction approximately 400 m east of the defined DGR area. This fault represents
a potential preferential flow pathway from the infiltration area in the upper parts of the rock
mass to drainage bases south and north of the promising areas for the project design work,
and also potentially connects the deeper and shallower parts of the rock mass. The hydraulic
properties of this zone are, therefore, of considerable importance for the L i h a gité and,
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armed with the current level of knowledge of the area, the hydraulic connection of this fault
zone with the rock mass environment of the underground part of the DGR cannot be completely
ruled out.

Based on the accepted concept of the decreasing hydraulic conductivity of failure zones with
depth, the hydraulic conductivity of the fault zones at the level of the projected DGR is assumed
to be in the order of 108 m.s* for the 1st category zones and 10'° m.s'? for the 2nd category
zones. The maximum hydraulic conductivity in the area of the identified fault zones at a
distance of up to 500 m from the boundary of the DGR according to the mo d e | of t
site is estimated at 1.6.10'8 m.s'™.

Horka( Hav |l o v®20&)t al

The underground part of the projected DGR is situated between 1st and 2nd category
(according to Andersson et al., 2000) fault zones. The western and eastern limits of the DGR
comprise 1st category faults (IDs 8, 2 and 12). Fault ID 2 is traversed by the Ma S stdeam and
the site model assumes drainage in the wider area of this traverse. The maximum modelled
value of permeability along the fault line is estimated at 1.9.10'® m.s" . The maximum modelled
permeability values of the rock mass along the ID 2 fault that follows the eastern edge of the
DGR at a distance of 580 m are similar.

Hr 8§ d(etkkav |l o v®20e)t al

With respect to the Hr § dséel the western boundary of the promising area for the siting of
the DGR is delimited by a 1st categoryf aul t zone running throu
stream. The northern and SE limits of the promising area comprise 2nd category faults. Zones
of increased rock mass permeability are bound to these fault zones.

Thehydr aul i c properties of these zones ar site
and, according to the existing state of knowledge, the hydraulic connection of these fault zones
with the rock mass environment in the projected DGR area cannot be completely ruled out.
The fault zones up to 500 m from the boundaries of the DGR, based on the accepted concept
of decreasing hydraulic conductivity with depth, evince a maximum hydraulic conductivity of
1.7.10®8 m.s? at the proposed DGR level.

Janoch (ETE-south)(Ha v | o v 8026ff a l

The vicinity of the projected DGR area features two intersecting 2nd category fault zones,
which make up the most hydraulically conductive structures at a distance of up to 500 m from
the DGR and, at the level of the DGR, their hydraulic conductivity attains a maximum value of
8 . 6 Erhl0%s While the hydraulic properties of these zones are of limited importance for the
Janoch (ETE-south) site, armed with the current level of knowledge it is not possible to
completely rule out the hydraulic connection of the fault zones with the rock mass environment
of the underground part of the DGR. No 1st category fault zone occurs within 500 m of the
DGR boundaries.

Krav? (Hawvad ovX®20gt al

A 2nd category fault system running ENE-WSW divides the disposal area of the underground
part of the projected DGR into six partial rock polygons. Moreover, these faults (IDs 179, 168,
172, 158, 175 and 178) create potential preferential groundwater flow pathways from the
underground part of the DGR since they are oriented in the direction of groundwater flow from

the granulite massif to the drainage areaofthe Bu k o v s k T s, espegialynth@Biodb r Tv k a
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stream in the west and the N e d v I dsirdark ia the east. 1st category faults (IDs 10, 5 and
160) run NNW-SSE and mainly follow the circumference of the granulite rock mass. The ID 10
fault follows the B u k o vss¢rdarn valley, at which the above-mentioned 2nd category faults
are ftonnecteda The observation of the flow of mine waterintheRo § n § a ordniu@ mige?
workings excavated on 1st category faults (as well as the modelling research) verified that the
permeability of the failure zones with the 1st category faults IDs 10, 5 and 160 does not
significantly exceed that of the surrounding rock environment. With respect to the wider area
of the abandoned flooded mine workings, however, from the hydrogeological point of view the
circulation of groundwater will be permanently affected. Both of the flooded mines will naturally
be drained over a period of tens and hundreds of years via the overflow of water into the main
tunnels of the mines and hence to the N e d v N dsirelark lzasin. The area of the granulite rock
mass is relatively small for the siting of the DGR. The SE limits of the underground areas of
the projected DGR are situated at a distance of | ess t he
mine, and even the most permeable parts of the rock mass will be connected to the wider
surroundings of this mine in the future. Due to the assumption of the influence of the tunnels
of the former mine complexes, a value of 1.0.107 m.s* was determined for the C5e indicator.

Magdal(®&haav | o v®20R)t al

Groundwater drains from the DGR area directly via the overburden of the repository into the
Smutng8 stream. Trhthe DERPanen is robablly tedtohia Thus, the permeability
of the fault zones is of considerable importance at the site.

The SW boundary of the DGR follows two parallel 2nd category faults. The hydraulic
conductivity of the 2nd category fault zones attains a maximum value of 8.2.10'° m.s'? at the
level of the DGR (and at a distance of up to 500 m from its boundaries). Two parallel 1st and
2nd category faults define the SE boundary of the promising area and the repository rock
polygon. The 1st category fault zone occurs around 400 m southeast of the DGR boundary.
The maximum hydraulic conductivity of this zone is assumed to be 1.2.10'® m.s'! at the DGR
disposal level.

Na Skal n2west)( HRW I ov®20@t al

Four faults of a regional nature (all 1st category faults) occur near to the projected location of
the DGR att he Na Sk a-wast} site, foithdbithe defined promising area. The faults
run in the NW-SE direction and the ID 4 fault practically defines the boundary of the promising
area. The hydraulic conductivity of the 1st category fault zones attains 1.4.10-8 m.s? at the
DGR level (and at a distance of up to 500 m from the DGR boundaries). The Rouchovanka
stream is accompanied by regional faults in the area NE of the promising area, into which the
DGR area drains.

Eight 2nd category faults extend into the promising area for the project design work, which
define the location of the DGR complex. South of the DGR area, local faults running NW-SE
extend into the promising area which, nearthev i | | a ge o, finteRexttwithoado&al faulke
running NE-SW that delimits the west of the promising area.

The hydraulic properties of the failuresar e of considerabl e i mportanc
(EDU-west) site. Armed with the current level of knowledge, the hydraulic connection of fault
zones with the rock mass environment in the underground part of the DGR cannot be
completely ruled out. The modelled hydraulic conductivity of fault zones at the level of the DGR
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up to 500 m from its boundaries att he Na Sk a-lest) site Wa& detérmined at a
maximum of 1.4.10-8 m.s™.

Tab. 1I90verall assessment of the sites for the Cbe
2020a-i
Site Indicator value (m.s™) Indicator grade
BSezovIl poto 1.8E-08 2.4
Lertovka 6.9E-09 1.0
Li hadl o 1.6E-08 2.3
Horka 1.9E-08 2.5
Hr 8dek 1.7E-08 2.3
Janoch (ETE-south) 8.6E-09 1.3
Krav?2 hor a 1.0E-07 5.0
Magdal ®n a 1.2E-08 1.8
Na Skal navest) ( 1.4E-08 2.1

C5f Specific flow in the DGR area

The balance data on the DGR areas for the candidate sites was obtained from the
hydrogeological models. The balance of the models in the near-surface weathering layer and
open fractures was determined on the basis of the distribution of precipitation (as assessed by
the Czech Hydrometeorological Institute) and the consideration of the amount of the basic
runoff into the river system.

The calculation of the balance of the repository spaces depends on a combination of rock mass
permeability factors and the hydraulic gradient (influenced by the morphology of the terrain).
The C5f indicator concerns the assessment of the sites in terms of the amount of groundwater
flow through the disposal area, which influences the intensity of transport processes.

Description of the indicator: based on the hydrogeological models of the candidate DGR
sites and their updating, the magnitude of groundwater flow through the DGR area as
normalised by its area (specific flow) was determined.

Quantification: the specific flow (I.s1.km2) of groundwater through the DGR. The amount of
groundwater that flows through the DGR forms a crucial parameter for the process of the
release of radionuclides into the geosphere. If a small amount of water flows through the
disposal wells, only a small amount of radionuclides may be released into the geosphere and
migrate further into the environment. Higher specific flow values are less suitable from this
point of view.

Results of the assessment of indicator C5f

BSezovl (patvdl v®20at al
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The average value of infiltration into the underground water in the modelled areaoftheBSe z o v T
potok site is 3.0 L.sT.km?( Kr §sn1 et aatdtal infillrded amount oDF55 |.s%, 97% of
groundwater flows only within the near-surface weathering layer, fractures and the Quaternary.

It infiltrates into the deeper areas of the rock mass (due to low hydraulic conductivity
coefficients) to the extent of only 13.51.s. The sum of flows through the defined DGR
underground area was set by the model at 1.73.102 I.s! and the specific flow through the floor

area of the DGR at 5.97.102 l.s1.km™2,

Lert o(vbkkaav | o v®20e)t a l

The average value of infiltration into the underground water in the modelled area of the
Lert ositeksa2.0l.s'*km'?2( Kr §snT et atotal infitrat8d2amount 6ff527 I.s'?,
67% of groundwater flows only within the near-surface weathering layer, fractures and the
Quaternary. It infiltrates into the deeper areas of the rock mass (due to the high hydraulic
conductivity coefficients of the Permocarbon formation in the north-western part of the
modelled area) to the extent of 1731.s't. The sum of flows through the defined DGR
underground area was set by the model at 3.85.10'2 I.s"* and the specific flow through the floor
area of the DGR at 2.41.10'2|.s"*.km'2,

LihadHav!l ov®208t al

The average value of infiltration into the underground water in the modelled areaoftheL i had | o
site is 3.25 1.s'*km'2 ( Kr 8 snlT et afotal infit@t8d2anount Gff823 I.s'*, 98% of
groundwater flows only within the near-surface weathering layer, fractures and the Quaternary.

It infiltrates into the deeper areas of the rock mass (due to low hydraulic conductivity
coefficients) to the extent of only 15.4 |.s't. The sum of flows through the defined DGR
underground area was set by the model at 3.78.10'2 |.s'* and the specific flow through the floor

area of the DGR at 1.8.10"2 I.s.km™,

Horka( Hav |l o v®20&)t al

The average modelled value of underground water replenishment from precipitation infiltration
was determined at 2.5 |.s"*.km'2. 659 |.s't infiltrates into the underground water (over the entire
area of the model, i.e. 264 km?). A significant portion of the infiltrating groundwater participates
only in the form of shallow circulation in the near-surface layer. According to the model, only
70 L.s't of water flows from the first (near-surface) layer to the underlying layer, which
represents the hydrogeological rock mass. Moreover, the magnitude of the flow further
decreases significantly in line with the depth of the rock mass. The specific flow of underground
water through the underground part of the DGR was determined at 2.3.10"2 I.s"*.km'2.

Hr §d(eHkav | ov®20e)t al

The average value of infiltration into the underground water in the modelled areaofthe Hr 8 d e k
site is 4.0l.sTkm?2 ( Kr §snlT et atlotal infiltBaR® dmount®f 955 I.s, 98% of
groundwater flows only within the near-surface weathering layer, fractures and the Quaternary.

It infiltrates into the deeper areas of the rock mass (due to low hydraulic conductivity
coefficients) to the extent of only 18 I.s. The sum of flows through the defined DGR
underground area was set by the model at 1.0.10* I.s* and the specific flow through the floor
area of the DGR at 3.7.102 l.s*.km™.

Janoch (ETE-south)(Ha v | o v 8026ff a l
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The average value of infiltration into the underground water in the modelled area of the Janoch
(ETE-south) site is 1.5 .s*km?2 ( Kr § snT et aatdtal infittré&ed amount 0®372.5 |.s’
1, 94% of groundwater flows only within the near-surface weathering layer, fractures and the
Quaternary. It infiltrates into the deeper areas of the rock mass (due to low hydraulic
conductivity coefficients) to the extent of only 20.8 I.s. The sum of flows through the defined
DGR underground area was set by the model at 2.28.102 I.s* and the specific flow through
the floor area of the DGR at 9.6.10 I.s2.km=.

Krav? (Hawva ov®20gt al

The modelling of infiltration was determined on the basis ofthef | ow condi ti ons of N
stream. The hydrogeological model determined the magnitude of infiltration to the underground

water (over the entire area of the model, i.e. 263.5 km?) of 358 I.s? (i.e. 1.36 l.s1.km?). A

significant portion of the infiltrating groundwater participates only in the form of shallow

circulation in the near-surface layer. According to the model, only 49 |.s of water flows from

the first (near-surface) layer to the underlying layer, which represents the hydrogeological rock

mass. The specific flow through the six defined DGR disposal areas was determined at 4.2.10°

2].s1.km2.

Magdal(®aav|l ovg et al . 2020h

The average value of infiltration into the underground water in the modelled area of the
Magdal ®@msa5Isitkme? ( Kr §snl et atotal infillr&el 2mount @594 I.s™?,
96.7% of groundwater flows only within the near-surface weathering layer, fractures and the
Quaternary. It infiltrates into the deeper areas of the rock mass (due to low hydraulic
conductivity coefficients) to the extent of only 19.6 I.s'. The sum of flows through the defined
DGR underground area was set by the model at 5.09.10"! |.s'! and the specific flow through
the floor area of the DGR at 2.3.10'2 l.s'*.km' 2

Na Skal n?2zng pla@dB&v | ov®20@t al

The average value of infiltration into the underground water in the modelled area of the Na
Skal n2 rwe$silelis 1.9 .skm2( Kr §snl et atbtal infitrte&d 2maunt & f
593 I.s, 94% of groundwater flows only within the near-surface weathering layer, fractures
and the Quaternary. It infiltrates into the deeper areas of the rock mass (due to low hydraulic
conductivity coefficients) to the extent of 35.0 .s. The sum of flows through the defined DGR
underground area was set by the model at 4.31.107 |.s** and the specific flow through the floor
area of the DGR at 1.6.102 l.s*.km™.

Tab. 200v er al | assessment of the sites for the C5f indi
2020a-i
Indicator value .

Site (m¥s/m?) Indicator grade

BSezovIl potok 6.0E-03 1.0

Lertovka 2.4E-02 3.0

Li hadl o 1.8E-02 2.3

Horka 2.3E-02 2.9

Hr §8dek 3.7E-02 4.4
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Janoch (ETE-south) 9.6E-03 1.4
Krav?2 hor a 4.2E-02 5.0
Magdal ®n a 2.3E-02 2.9
Na Skal navest) ( E 1.6E-02 2.1

C5g Dilution ratio

The schematic advective transport of a conservative tracer (without radioactive decay,
chemical reactions, sorption and diffusion into the rock matrix) from the repository was
simulated using the currents field of the hydrogeological model. The dilution ratio was
determined from the proportion of the maximum concentration in the near-surface zone and in
the DGR underground area.

The C5g indicator concerns the assessment of the properties of the sites in terms of the dilution
of potential contamination from the DGR due to mixing with contaminated and uncontaminated
underground water. This factor relates to the transport of radionuclides.

Description of the indicator: based on the hydrogeological and transport models of the
candidate DGR sites and their updating, the proportion of the maximum modelled
concentration of a conservative tracer in the near-surface zone and in the DGR area was
determined.

Quantification: the percentage value. Higher values indicate lower suitability due to the lower
degree of the dilution of contamination during advective transport from the DGR. Conversely,
lower values indicate the more extensive mixing of the groundwater from the DGR area
towards the drainage area.

Results of the assessment of indicator C5g (Hav 1l ov§ et) al. 2020a

The dilution ratiooftheBSe z o v T pnoatso ks esti tae 0. 1 %site I.780rforthbbe L er t
L i h agité 2%, for the Horka site 0 . 1 %, f or diteh0e3%,Har el Jarkoch (ETE-

south) site 0. 1%, f or t BieOK7 %y?2f bpor & hsiee 0.80a and frl tle MNa

Skal n?2 mwe$t)si20.3% (Tab. 21).

Tab. 210ver al |l assessment of the sites for the C5g indi
2020a-i

Site Indicator value (%) Indicator grade

BSezovIl potok 0.1 1.0

Lertovka 1.7 5.0

Li hadl o 0.2 1.3

Horka 0.1 1.0

Hr 8dek 0.3 1.5

Janoch (ETE-south) 0.1 1.0
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Krav?2 hora 0.7 2.5
Magdal ®n a 0.4 1.8
Na Skal navest) ( E 0.3 15
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Fig. 22 Modelled vertical pressure conditions of the DGR areafortheBSezovl pot ok, L er tandHk &8,dse¢éki hadl o, Hor ka
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