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ÁOutline of this talk 

- Short overview (4 slides) 

- Instrumentation (7 slides) 

- Plug (2 slides) 

- Heating (4 slides) 

- Short summary (2 slides) 

 

ÁOther talks about the Full-Scale Emplacement (FE) Experiment 

- Session 2: ñBackfillingò  by Sven Köhler 

- Session 3: ñTunnellingò by Herwig R. Müller 

- Session 4: ñBentonite blocksò by Tim Vietor 

- Session 4: ñGranular bentoniteò by Hanspeter Weber 

Á9 Posters 

 

 

 

 

 

 

 

Intro 
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Canister 
Bentonite 

backfill 

  Steel arches Host rock  (Opalinus Clay) 

                    

Bentonite blocks 
Lining 

Rock bolts 

Interjacent sealing section (every 11th canister position) 
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SF: spent fuel 

HLW: high level waste 

ILW: intermediate level waste 

can be modified 

                    

Longitudinal section 

of a SF/HLW repository tunnel 

 Host rock: Opalinus Clay 

over-consolidated clay stone 

sedimented approx. 175 Ma ago 

Swiss repository concept for SF/HLW 



Canister 
Bentonite 

backfill 

  Steel arches Host rock  (Opalinus Clay) 

                    

Bentonite blocks 
Lining 

Rock bolts 

Interjacent sealing section (every 11th canister position) 

Visualisation without rock bolts, sensors and backfill 

Shotcrete Steel arches Heaters on 

bentonite blocks 

Interjacent sealing section 

(shotcrete-free) 

FE tunnel 

3m Ø, 50m length FE cavern 

Plug 

FE Experiment @ Mont Terri 

Herwig R. Müller et al. LUCOEX June 2015 4 

SF: Spent fuel 

HLW: high level waste 

ILW: intermediate level waste 

 

Underground research laboratory (URL) Mont Terri 

16 Partners from 8 countries (directorate: swisstopo) 

www.mont-terri.ch 

can be modified 

http://www.mont-terri.ch/
http://www.mont-terri.ch/
http://www.mont-terri.ch/


Á 1:1 full-scale heater experiment 

(according to Swiss SF / HLW 

concept) @ Mont Terri URL 

 

 

 

 

Á Investigation of repository induced 

thermo-hydro-mechanical (THM) 

coupled effects on the host rock 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ÁSimulation of construction and 

emplacement techniques 

- Tunnel construction 

- Bentonite buffer production 

- Buffer emplacement 

 

 

 

 

 

ÁParticipation in EU project 

Large Underground 

Concept Experiments 

 

Full-Scale Emplacement (FE) Experiment 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Herwig R. Müller et al. LUCOEX June 2015 5 

1 

2 
- Tunnel construction 

- Bentonite buffer production 

- Buffer emplacement 

- etc. 

Á Partners: ANDRA, BGR, 

DOE, GRS, NWMO 



concrete 

plug (5m) 
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mainly 2011 / 2012 

FE cavern 

Opalinus Clay Ăfar-fieldñ 1 

Instrumentation phases 

mainly 2012 / 2013 

Opalinus Clay Ănear-fieldñ / EDZ 2 

On tunnel wall / in bentonite 3a 

heater 

On heaters / in bentonite 

 

3b 
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mainly 2014 2014/2015 

not part of 

LUCOEX 



Measurement points / sensors 
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Measurement 

points / sensors 
Phase 1 Phase 2 Phase 3 TOTAL 

Temperature 480 140 580 1ô200 

RH, TDR, FDR 0 41 115 156 

Deformation 80 48 17 145 

Total pressure 36 6 30 72 

Porewater pressure 42 21 0 63 

Gas composition 0 0 19 19 

TOTAL 638 256 761 1655 

Not listed: 

-geophysical sensors 

-thermal conductivity sens. 

-some TDR cables 

-plug instrumentation 

-many fibre optical systems 

-material samples 

-sampling lines 

-etc. 

Currently most sensors 

measure once every 10min! 

not part of 

LUCOEX 



Instrumentation on the heaters 

Herwig R. Müller et al. LUCOEX June 2015 9 

Á Measurements at different depths 

Á Foldable sensor holders to avoid 

space conflict with backfilling machine 

Á Withstand backfilling pressure 

Á Minimal (e.g. thermal) disturbance 

Á Temperature resistant 

© COMET 



Instrumentation on the tunnel wall 
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© COMET 

Á Measurements at different depths 

Á Foldable sensor holders to avoid 

space conflict with backfilling machine 

Á Withstand backfilling pressure 

Á Minimal (e.g. thermal) disturbance 

Á Corrosion resistant 



Instrumentation on the tunnel wall 
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© COMET 

Á Measurements at different depths 

Á Foldable sensor holders to avoid 

space conflict with backfilling machine 

Á Withstand backfilling pressure 

Á Minimal (e.g. thermal) disturbance 

Á Corrosion resistant 

Samples of different metal allowing 

corrosion measurements in the future 

in case of a potential dismantling 

In-situ gas sensors (oxygen, hydrogen) 

and gas sampling lines  



Gas monitoring in backfilled FE tunnel 

TM43, steel arch 

section, backfilled 

since 24.09.2014 

TM15, 

close to plug 

TM27, on tunnel 

wall, backfilled 

since 21.11.2014 

TM24, 

close to heater 
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rough 

sketch 

12 

New (not QCed) data! 



Deformation monitoring in backfilled FE tunnel 

ÁExtenso- & inclinometers 

ÁDeformation monitoring 

- tunnel walls (ñXò) 

- heaters (ñYò) 

ÁFibre optical distributed 

strain sensing (DSS) 
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© COMET 



Geophysical monitoring in backfilled FE tunnel 

ÁBackfilled array of seismic 

transmitters & receivers 

ÁFibre optical cable for 

acoustic monitoring 

ÁGas-tight FRP pipes 

close to tunnel wall: 

- radar measurements 

- seismic measurements 

- neutron-neutron logging 

- gamma-gamma logging 

- etc. 

 

H3 
backfilled 

plug 

access 
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FE cavern 

FE tunnel 



Retaining wall & plug construction 

15 

Plug concreting on 

17th of March 2015 

Backfilling segment by segment Retaining wall 

sealed since 

12th of Feb. 2015 

Re-routing of 

approx. 700 cables 

© COMET 
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Experimental plug  

Áca. 3m diameter 

Áca. 5m long 

Áca. 35m3,  

pumped 

ÁEqual parts 

fly ash & cement, 

some micro silica 

Ámax. ca. 50°C 

ÁStrength after 21 

days ca. 45MPa 

ÁShrinkage gap 

resin-grouted 

ÁFriction 

controlled plug, 

with steel dowels 
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Resin filled 

cable ducts 

Current situation, 

final sealing missing 

Pipes for 

geophysical 

measurements 



concrete 

plug (5m) 
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Calorimetric heater tests 
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not part of 

LUCOEX 

Each heater 

5 tons 


