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Intro

Outline of this talk
Short overview (4 slides)
Instrumentation (7 slides)
Plug (2 slides)
Heating (4 slides)
Short summary (2 slides)

Other talks about the Full-Scale Emplacement (FE) Experiment
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Swiss repository concept for SF/HLW
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FE Experiment @ Mont Terri LUCOeX

Visualisation without rock bolts, sensors and backfill

FE tunnel Interjacent sealing section
' 3m &, 50m length (shotcrete-free)

T E=——————"8ttiui

bentonite blocks

&\_\ Underground research laboratory (URL) Mont Terri
= 16 Partners from 8 countries (directorate: swisstopo)
Mont Terri Project

Steel arches Rock bolts

Bentonite
backfill

can be modified

Bentonite blocks l I l I I

Interjacent sealing section (every 11th canister position)
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http://www.mont-terri.ch/
http://www.mont-terri.ch/
http://www.mont-terri.ch/

2 Simulation of construction and
emplacement techniques

Tunnel construction

Bentonite buffer production

A Participation in EU project
Large Underground

Concept Experiments
+1 =

LUCOEX

A 1:1 full-scale heater experiment
(according to Swiss SF / HLW
concept) @ Mont Terri URL

Investigation of repository induced
| thermo-hydro-mechanical (THM)
coupled effects on the host rock

P 7{_

Mont Terri Project

A Partners: ANDRA, BGR, | 4
DOE, GRS, NWMO
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2009 | 2010 | 2011 | 2012 2013 2014 2015 2016 2017 2018 | 2019 | 2020 2021 2022

Project |n|t|at|on‘ ‘
Construction of FE cavern (Oct. 2010 - June 2011)
® Participation in LUCOEX [
mEE Instrumentation of rock in the far-field (Nov. 2011 - March 2012)
B Instrumentation during tunnel construction
B Construction of FE tunnel (Apnl Sept. 2012) “tasks related to LUCOEX
Ventilation period
BE  Instrumentation of EDZ & tunnel wall
B Installation of crane & rails” ‘
Construction of emplacement machine’
B 1:1 off-site pre- & mock-up tests”’ (May & August 2014)
u l#Filling of interjacent sealing section (I1SS)’
Emplacement of heaters & instrumentation of bentonite
Backfilling of heaters with granulated bentonite mixture”’
Bl Construction of plug”’ (Feb. & March 2015)
Start heating (15th of Dec. 2014)

Monitoring (from Dec. 2011) =

~ November 2014
— October
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Instrumentation phases LUCOEX VA,
oOpalinUSCl a vy -fieldfi a r eOpaIinusCI ay -Anebhdi / E

%
FE cavern %
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mainly 2011 / 2012 mainly 2012 / 2013

@ On tunnel wall / in bentonite @ On heaters / in bentonite
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_ not part of @
Measurement points /| sensors LUCOEX

Mgasurement Phase 1 Phase 2 Phase 3 TOTAL
points / sensors
480 140 580 162

Temperature Not listed:
-geophysical sensors
RH, TDR, FDR 0 41 115 156 | -thermal conductivity sens.
Deformation 80 48 17 145 |Some TDR cables
-plug instrumentation
Total pressure 36 6 30 72 | -many fibre optical systems
-material samples
Porewater pressure 42 21 0 63 | -sampling lines
-etc.
Gas composition 0 0 19 19
Currently most sensors
TOTAL 638 256 761 1655 | measure once every 10min!
£ §&§ §&§5 E 88§ & & ES§ 85 &
< 22 283 J &KRR & 3 T S 2
_ 7 \ S //// 7, I . S S . S Y Y U B v
FE-A niche plug
FE tunnel heaters
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Instrumentation on the heaters

o /"’/ R /. Measurements at different depths

Foldable sensor holders to avoid
space conflict with backfilling machine

Withstand backfilling pressure
Minimal (e.g. thermal) disturbance

Temperature resistant
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Instrumentation on the tunnel wall

.

a ™ )
. ‘ A Measurements at different depths

‘ A Foldable sensor holders to avoid
space conflict with backfilling machine

. A Withstand backfilling pressure

A Minimal (e.g. thermal) disturbance
A Corrosion resistant @

-
-
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Instrumentatlon on the tunnel wall

‘ A Foldable sensor holders to avoid
space conflict with backfilling machine

Withstand backfilling pressure

Minimal (e.g. thermal) disturbance
Corrosion resistant @

T ' & T —
S < '_\, ‘A Measurements at different depths

» ¢ In-situ gas sensors (oxygen, hydrogen)
= and gas sampling lines

: N
Samples of different metal allowing
corrosion measurements in the future

4 e/ in case of a potential dismantling
© comET NS
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Gas monitoring in backfilled FE tunnel

9.0m 15.0m 38.4m 50.0m

Sprayed concrete liner, wire mesh, rock bolts steel ribs
. ~
GO0 and
SketCh CLIGMEC L L 1
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9.0 15.0 203 27.9 35.5 43.0 48.0
1 H2 4H2 4 H2 4 H2 1H2
202 202 102
2lines (1/8")  1lines (1/87) 4 lines (1/8") 2 lines (1/4”)

25
New (not QCed) data!

TM15,
20 close to plug

close to heater

% 15
= TM27, on tunnel
2 \ wall, backfilled *
= M since 21.11.201
o 10
5
TMA43, steel arch
section, backfilled
since 24.09.2014
[ [ | |
01.11.2014 31.12.2014 01.03.2015 30.04.2015
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Deformation monitoring in backfilled FE tunnel
N

A Extenso- & inclinometers
A Deformation monitoring
- tunnel wal
- heaters (AYCc

A Fibre optical distributed
strain sensing (DSS)
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transmitters & receivers

A Fibre optical cable for
acoustic monitoring

A Gas-tight FRP pipes
close to tunnel wall:
- radar measurements
- seismic measurements
- neutron-neutron logging
- gamma-gamma logging
- eftc.
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Retalnlng waII & plug constructlon LUCOex &S,

Retaining wall
sealed since
12t of Feb. 2015

. _'_-' .. 'j. I.’- = > n | y : ll y p :A.‘ E . _ »
oy v LR Nog R 4 A ‘
- Re-routing of . - U1 Plug concretlng on
- | approx. 700 cables . "y~ 17" of March 2015
- : 4 . A" ' ‘




Experimental plug LUCSex 14
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AT _ , .
ot e Plpis for | A ca. 3m diameter
N geopnysica L
measurements [ A ca. 5m long
A ca. 35m3,

pumped
A Equal parts

-l _Current_snua_tlorj, fly ash & cement,
| final sealing missing : -
T some micro silica

5.
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Bl = | s A max. ca. 50°C
| A Strength after 21

days ca. 45MPa

A Shrinkage gap
resin-grouted

A Friction
controlled plug,
with steel dowels




2009 | 2010 | 2011 | 2012 2013 2014 2015 2016 2017 2018 | 2019 | 2020 2021 2022

Project |n|t|at|on‘ ‘
Construction of FE cavern (Oct. 2010 - June 2011)
® Participation in LUCOEX [
mEE Instrumentation of rock in the far-field (Nov. 2011 - March 2012)
B Instrumentation during tunnel construction
B Construction of FE tunnel (Apnl Sept. 2012) “tasks related to LUCOEX
Ventilation period
BE  Instrumentation of EDZ & tunnel wall
B Installation of crane & rails” ‘
Construction of emplacement machine’
B 1:1 off-site pre- & mock-up tests”’ (May & August 2014)
u l#Filling of interjacent sealing section (I1SS)’
Emplacement of heaters & instrumentation of bentonite
Backfilling of heaters with granulated bentonite mixture”’
Bl Construction of plug”’ (Feb. & March 2015)
Start heating (15th of Dec. 2014)

Monitoring (from Dec. 2011) =

~ November 2014
— October
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Calorimetric heater tests LUCOEX VA®,

Each heater
5 tons
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