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Project name: In-situ Interaction Physical Models at the Bukov URF

Duration: 2017 – 2022
Recipient: Faculty of Civil Engineering CTU
Research proponent: SÚRAO

The experiment (a result of a public tendering process) includes the construction, 
siting and operation of 10 physical interaction models at the Bukov Underground 
Research Facility (URF) at a depth of 550 m. The aim is to verify the behaviour of 
a bentonite sealing layer saturated with groundwater in interaction with cementitious 
materials and, at the same time, loaded with temperatures of between 100°C and 
200°C.

At the beginning of 2019, the models were fabricated at the Josef surface facility prior 
to being transported to the Bukov URF. Prior to the installation of the models in the 
pre-drilled horizontal wells, all the components of the complex monitoring systems 
were activated. This was followed by the emplacement of the models in the wells and 
a testing campaign. The model experiments have been in full operation since March 
2019, i.e. they are being artifi cially saturated with water and the temperatures of the 
heaters in fi ve of the models are set at between 100°C and 200°C. The monitored 
parameters (temperature, pore pressure, total stress, relative humidity) are transmitted 
online via the data network to the web interface.

A gradual increase in the moisture content and total stress have been observed in 
the models. The moisture content development is signifi cantly faster than predicted 
by the mathematical model. With respect to the models fi tted with heaters and the 
respective surrounding rock environments, a gradual increase in temperature has 
been observed.

Inserting a physical model into a borehole

Installation of sensors

Tunnel wall with installed experimental models
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Project name:   Maintenance, Repair and Monitoring of   
   Historic Ponds as part of our Cultural Heritage 

Recipient:    Faculty of Civil Engineering CTU
Duration:                     2016 – 2020
Source of funding:  Ministry of Culture – NAKI II programme

The project is focusing on securing and protecting the dams of historic fi sh-farming 
ponds that make up an important part of the Czech cultural heritage via newly-
designed technology for the repair of dam bodies. The technology has been verifi ed 
on a sectional physical model of a dam constructed at the Josef facility. Part of the 
project concerns the verifi cation of methodology for the non-invasive diagnostics of 
such dams.
 
Experiments aimed at determining the fi ltration properties of, and the processes 
underway in, experimental earth bodies were conducted in 2019. Firstly, leaks in the 
dam were measured without the application of a bentonite layer as the tank was 
gradually fi lled with water. Subsequently, the tank was drained, a bentonite sealing 
layer was sprayed onto the upstream face of the dam wall and the rate of leakage 
was measured once more after refi lling. The sealing properties of the bentonite layer 
were then assessed from the measured leakage values with and without the bentonite 
sealant.

Field surveys of ponds in the Blatná and Třeboň regions were conducted and old 
maps were analysed in order to identify the position of historic ponds. Furthermore, 
the shape properties of the dams of selected historic ponds were analysed using 
various elevation data sources, e.g. drones and a 5th generation digital terrain model.

Electromagnetic valves for the pumping of seepage water

Inspection of the dam monitoring system

Experimental tank fi lled with water
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Project name:   Integrated Bentonite Sealing for Preventing the
   Negative Eff ects of Hydrogeological Boreholes  
   on Groundwater

Duration:      2017 – 2020
Recipient:  CHEMCOMEX, a.s.
Co-recipient:    Faculty of Civil Engineering CTU
Grant  provider:  Technology Agency of the Czech Republic (TAČR) – 
   EPSILON programme

The basic intention of the project is to develop and verify the functionality of 
an original sealing element (SWICAS seal) to be placed between the frameworks 
and walls of hydrogeological boreholes (in the annulus). The technical design of the 
SWICAS seal is required to comply with a number of strict requirements concerning 
handling, installation, reliability, functionality and hygienic safety. The seal can be used 
in domestic wells and in monitoring and other technological boreholes.

The third year of the project included the verifi cation of the SWICAS sealing application 
technology and the systematic testing of two typical hydrogeological boreholes under 
real conditions. The fi rst, located at Tuhnice in Karlovy Vary, the second was drilled in 
the Central Bohemia region at Jankov-Podolí employing hammer drilling technology 
with a submersible hammer.

For the purposes of the two tests, two SWICAS seal dimensions were designed for 
the most frequently used PVC frameworks for monitoring and collection boreholes 
connected by means of DN 125 mm and DN 160 mm pipes. The dimensions of the 
sealing elements are based on the two limiting parameters of the boreholes - the 
borehole diameter and the outer diameter of the PVC framework; the minimum 
thickness of the sealing wall is 30 mm. 

Projects

Parameters of the SWICAS seal

Integrated SWICAS seal prior to installation

Installation of a bentonite seal
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Project name:  Composites Based on Waste Clay as a Substitute for 
 Mixtures for the Plugging of Low-potential 
 Heat Pump 
Duration: 2019 - 2022
Recipient: CHEMCOMEX, a.s.
Co-recipient:  Faculty of Civil Engineering CTU
Grant  provider: Technology Agency of the Czech Republic (TAČR) – 
 EPSILON programme

The aim of the project is to develop a sealing mixture for the vertical collectors of 
low-potential heat pumps using waste clay materials, i.e. plastic clays, cement and, in 
some cases, other components that are required to enhance the degree of thermal 
conductivity, e.g. graphite, hematite and quartz. 

The fi rst year of the project involved the collection of the waste materials produced via 
the production of bentonite (kaolin) and from foundry moulds (a total of 6 materials), 
the investigation of their physical properties and the selection of the materials to be 
used for further experimentation based on the values obtained from the various 
test samples. Subsequently, two samples were selected – a waste clay material from 
the production of kaolin and sub-sieved material obtained from Keramost a.s., and 
their suitability was verifi ed in terms of their use in mixtures for the grouting of heat 
pumps. Zeo-Therm 1.0 was chosen as the reference material for the comparison of 
the mixtures with a commercially-available product.

The thermal conductivity of the mixture and the optimum “connection” of the heat 
pump with the surrounding soil were chosen as the main criteria for the mixtures, 
qualities that are essential in terms of minimising heat losses. In 2019, a number of 
sites were selected for the excavation of an experimental well for the verifi cation of 
the developed sealing mixture. 

Precise measurement of sample dimensions

Samples ready for “curing”
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CEG participation in other projects

At the European level, cooperation between 53 organisations from 23 European countries 
offi  cially commenced in June 2019 in connection with the EURAD platform - European 
Joint Programme on Radioactive Waste Management, the fi rst implementation phase of 
which is planned for the period 2019 - 2024. The main aim of the EURAD programme is 
the support of research and development into the safe long-term management of various 
types of radioactive waste, to further develop existing knowledge for the safe construction 
of deep geological repositories and to strengthen the management of knowledge and 
its transfer between organisations and countries. The RD&D activities cover 7 thematic 
areas, with respect to three of which the CEG is participating as a “third party” for SÚRAO 
(the Czech waste management organisation), i.e. the following programmes: CORI 
(Cement-Organics-Radionuclide Interactions), HITEC (Infl uence of Temperature on Clay-
based Material Behaviour) and GAS (Mechanics Understanding of Gas Transport in Clay 
Materials). The CEG is also acting as the coordinator for the participation of other Czech 
Technical University departments.

Of the various European projects, Modern2020, the aim of which was to develop and 
implement an effi  cient and eff ective system for the monitoring of deep geological 
repositories, was concluded in 2019. The CEG, in cooperation with the Technical University 
of Liberec, designed and manufactured a “smart” multifunctional cell for the monitoring 
of engineered barriers as part of WP4. A further European project, Beacon (Bentonite 
Mechanical Evolution), the main aim of which is to assess the hydro-mechanical 
development of an inhomogeneous bentonite barrier, continued into its third year. 
The CEG is involved in three WPs. The research conducted by CEG staff  concerns the 
laboratory testing of Černý Vrch bentonite (BCV) as part of WP4, the outputs of which 
will provide input parameters for the development and validation of numerical models.

In 2019, the monitoring continued of two experiments, the offi  cial duration of which had 
already expired, i.e. the DOPAS and Mock-Up Josef experiments. Both projects are related 
to the construction of deep geological repositories for radioactive waste. 

Projects

Mock-Up Josef experiment after eight years of operation

Oedometers in a heating chamber

Cutting of a drill core
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As part of a research assignment awarded by SÚRAO, “Research support for the safety 
assessment of the deep repository”, the CEG participated in a number of subprojects 
during the year, one of which involved the “Experimental assessment of the gas 
permeability of the engineered barrier of a deep geological repository”. The 
experiment involved the testing of the gas permeability and self-healing ability 
of Ca-Mg bentonite manufactured by Keramost a.s. (so-called BaM) with concern to diff erent 
moisture contents, i.e. natural moisture and the saturated material (cyclical penetration 
and saturation tests). A further topic concerned the transport of radionuclides through the 
engineered barrier - Transport3. In this case, experiments were performed on artifi cially 
prepared (from BCV2017), homoionic bentonites in which Na- to Ca- cations prevailed 
in the molecular structure. The experiment monitored the eff ect of changes in the chemical 
composition of the bentonite on two fundamental geotechnical factors, i.e. the hydraulic 
conductivity coeffi  cient and the swelling pressure.

The Design and production of a mixture of bentonite pellets II project, which was also 
commissioned by SÚRAO, concerned the development of technology for the production 
of pellets made from Černý Vrch Ca-Mg bentonite with a bulk density of over 2 g/cm3.

The Multigenerational non-active tracers project, fi nanced from the Enterprise and 
Innovation for Competitiveness operational programme, conducted by a consortium of 
PROGEO, s.r.o. and WATRAD, spol. s.r.o., was concluded in 2019. The project included the 
construction of a special in-situ polygon by CEG staff  in the Josef Underground Laboratory 
for the performance of tracer tests. 

The Research of Infrastructure for Geothermal Energy - RINGEN project, which focused 
on research into the use of geothermal energy, and concerning which the CEG was 
a member of a consortium of eight organisations, was also concluded in 2019. June 2019 
saw the opening and start of operation of the Geothermal Energy Research Centre, which 
was built on the site of the former Jiříkov Barracks in Litoměřice. 
 

Slicing of bentonite from a small physical model

Scheme of tracer test boreholes in the Josef 

Electric injection pump
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Scheme of Josef underground area
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Čelina west
LEGEND
1. Prefabricated TOM lining (with convergence 

measurement sample)
2. Display of mining mechanised technology
3. 1:1 model of historical tunnel timbering –
 Austrian system
4. Training wall – core boring
5. Contact stress measurement
6. Convergence measurement
7. Anchoring technology (ORICA)
8. „Café Underground“
9. Anchoring technology (HILTI Ltd)
10. Tank with processed water
11. Model of backfi  lling of a deep repository
 access gallery (BACKFILL)
12. Information centre for the BACKFILL project
13. EU TIMODAZ experiment
14. Information centre for the TIMODAZ project
15. Bore diagram and the teaching of
 destruction work
16. Quiet Tunnels project

Accessible parts

Projects included in the Annual Report23

Others25

Inaccessible parts

Experiment, teaching point

Map of the Underground Area
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Mokrsko west

LEGEND
17. Rescue chamber
18.  Ventilation shaft
19. Tank with processed water
20. Anaerobic laboratory 
21. DOPAS technological centre 
22. DOPAS project
23. Mock-Up Josef experiment
24. Inter-University underground
 laboratory (MeziLab) 
25. Inter-University underground
 laboratory (MeziLab II)
26.  Multi-Generation Tracers project
27. Engineered Barrier 200C

Magmatites - Slapy 
granodiorite rocks

Jílové zone volcano –
sedimentary rock
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Map of the Underground Area
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„We work our fi ngers to the bone“…

What else we accomplished this year
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... but we still enjoy it!

What else we accomplished this year
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