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Á Spanish HLW emplacement concept for a 

granitic host rock 

Á Initiated by ENRESA in 1994 under the 

auspices of EU  
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FEBEX/FEBEXe - The History 
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http://www.euridice.be/fr/00home.shtm
http://www.posiva.fi/


Mock-Up Test 
Å 1:2/3 scale 

Å Controlled conditions 

ñIn Situò Test 
Å 1:1 scale 

Å Natural conditions 

Å Demonstration component 

THM ïTHG Modelling 
Å Model development 

Å Data interpretation 

Å Prediction 

Laboratory Tests 
Å Process understanding 

Å Identification of parameters 

Holes for hydration 

and instrumentation

Bentonite buffer

Heaters

Bentonite +  Corrosion products  FEBEX-e 

2008-2014 

7th Framework 

Project  

PEBS 

2010-2014 

 FEBEX-DP 

2014-2016 
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FEBEX/FEBEXe - The components 
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FEBEX in situ - Components of the field test at Grimsel 

 

 

 

 

ÁInitially more than 700 sensors 

ÁñFEBEXò Bentonite blocks 

(5331 blocks; 115.7t) 

ÁTemperature at the surface 

of the canisters Ą 100oC  

(February 1997 onwards) 

 

 

 

 
 

 

Bentonite construction 

Emplacement of the heaters 

Sensors today: 

Total No. :   534 

Total running (per 01.05.2014):  384 (71.9%) 

 

FEBEX-DP 
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ÁWater content and dry 

density distribution present 

an axial symmetry - 

independent of the 

geological variability 

 

 

15.4

15.3

16.9

17.5

19.4

21.0

22.9

25.6

30.6

32.4

29.1

24.9

25.2

20.7

18.9

17.8

17.1

16.5

15.4

31.2
27.6

23.822.7
21.0

19.7
17.9

16.8
16.2

15.2
15.2

29.9

25.2

22.2

21.3

20.6

19.4

18.4

17.7

16.5

16.0

15.1

30.0
27.5

26.6

24.5

21.8

20.1

17.8

16.3

16.1

14.9

13.9

30.3

24.4
23.4

21.3
20.3

19.5

17.8

16.9

16.6

16.1

15.2
15.4

15.3

16.9

17.5

19.4

21.0

22.9

25.6

30.6

32.4

17.5

16.2
17.6

17.329.6

17.5

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Direct measurements Estimation from instruments

15.4

15.3

16.9

17.5

19.4

21.0

22.9

25.6

30.6

32.4

29.1

24.9

25.2

20.7

18.9

17.8

17.1

16.5

15.4

31.2
27.6

23.822.7
21.0

19.7
17.9

16.8
16.2

15.2
15.2

29.9

25.2

22.2

21.3

20.6

19.4

18.4

17.7

16.5

16.0

15.1

30.0
27.5

26.6

24.5

21.8

20.1

17.8

16.3

16.1

14.9

13.9

30.3

24.4
23.4

21.3
20.3

19.5

17.8

16.9

16.6

16.1

15.2
15.4

15.3

16.9

17.5

19.4

21.0

22.9

25.6

30.6

32.4

17.5

16.2
17.6

17.329.6

17.5

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Direct measurements Estimation from instruments

Moisture

content

w(%)

15.4

15.3

16.9

17.5

19.4

21.0

22.9

25.6

30.6

32.4

29.1

24.9

25.2

20.7

18.9

17.8

17.1

16.5

15.4

31.2
27.6

23.822.7
21.0

19.7
17.9

16.8
16.2

15.2
15.2

29.9

25.2

22.2

21.3

20.6

19.4

18.4

17.7

16.5

16.0

15.1

30.0
27.5

26.6

24.5

21.8

20.1

17.8

16.3

16.1

14.9

13.9

30.3

24.4
23.4

21.3
20.3

19.5

17.8

16.9

16.6

16.1

15.2
15.4

15.3

16.9

17.5

19.4

21.0

22.9

25.6

30.6

32.4

17.5

16.2
17.6

17.329.6

17.5

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Direct measurements Estimation from instruments

15.4

15.3

16.9

17.5

19.4

21.0

22.9

25.6

30.6

32.4

29.1

24.9

25.2

20.7

18.9

17.8

17.1

16.5

15.4

31.2
27.6

23.822.7
21.0

19.7
17.9

16.8
16.2

15.2
15.2

29.9

25.2

22.2

21.3

20.6

19.4

18.4

17.7

16.5

16.0

15.1

30.0
27.5

26.6

24.5

21.8

20.1

17.8

16.3

16.1

14.9

13.9

30.3

24.4
23.4

21.3
20.3

19.5

17.8

16.9

16.6

16.1

15.2
15.4

15.3

16.9

17.5

19.4

21.0

22.9

25.6

30.6

32.4

17.5

16.2
17.6

17.329.6

17.5

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Direct measurements Estimation from instruments

Moisture

content

15.4

15.3

16.9

17.5

19.4

21.0

22.9

25.6

30.6

32.4

29.1

24.9

25.2

20.7

18.9

17.8

17.1

16.5

15.4

31.2
27.6

23.822.7
21.0

19.7
17.9

16.8
16.2

15.2
15.2

29.9

25.2

22.2

21.3

20.6

19.4

18.4

17.7

16.5

16.0

15.1

30.0
27.5

26.6

24.5

21.8

20.1

17.8

16.3

16.1

14.9

13.9

30.3

24.4
23.4

21.3
20.3

19.5

17.8

16.9

16.6

16.1

15.2
15.4

15.3

16.9

17.5

19.4

21.0

22.9

25.6

30.6

32.4

17.5

16.2
17.6

17.329.6

17.5

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Direct measurements Estimation from instruments

15.4

15.3

16.9

17.5

19.4

21.0

22.9

25.6

30.6

32.4

29.1

24.9

25.2

20.7

18.9

17.8

17.1

16.5

15.4

31.2
27.6

23.822.7
21.0

19.7
17.9

16.8
16.2

15.2
15.2

29.9

25.2

22.2

21.3

20.6

19.4

18.4

17.7

16.5

16.0

15.1

30.0
27.5

26.6

24.5

21.8

20.1

17.8

16.3

16.1

14.9

13.9

30.3

24.4
23.4

21.3
20.3

19.5

17.8

16.9

16.6

16.1

15.2
15.4

15.3

16.9

17.5

19.4

21.0

22.9

25.6

30.6

32.4

17.5

16.2
17.6

17.329.6

17.5

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Direct measurements Estimation from instruments

Moisture

content

w(%)

19961996

20022002

FEBEX in situ ï Dismantling and Saturation 

ÁAll gaps between blocks 

were closed 
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FEBEX in situ ï Partial Dismantling first heater (2002) 

 

 

 

 

Dismantled section 
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FEBEX in situ - Temperature & Total pressure (~2004-2014) 

Observations: 

Á Temperatures in the bottom part continue 

being higher than those in the sides and 

upper part for each section 

Á Temperature trends are increasing very 

slowly in the buffer but they are 

maintained in the rock 

FEBEX-DP 

Observations: 

ÅThe total pressure in the buffer and in the 

contact bentonite/rock and bentonite/plug 

continues to increase 

ÅPressure over 6 MPa in some parts of the buffer 

8 FEBEX-DP -     LUCOEX June 2015 Kober & Turner 

Heater temperature 

24.04.2015 

Total pressure at C/B interface 

overcoring 
plug demolishing 

sensor cut-off 



FEBEX in situ - Conclusions from the partial dismantling 

Á The FEBEX provided insight into the EBS evolution at a 

realistic scale covering a timeframe relevant for the early 

EBS evolution  

Á Initiated over 20 years ago, FEBEX meets the current 

need to demonstrate the functioning and performance of 

repository components at the 1:1 scale under natural 

conditions. 

Á THM modelling has demonstrated its capability to the 

prediction of the evolution of a 1:1 scale EBS systems 

based on laboratory characterisation 

Á Very good prediction from CODE_BRIGHT analyses of 

the dismantling data after 5 years of heating (predictive 

capabilities of coupled THM analyses in the short term)  

Á Modeling has also identified limits in discriminating 

additional processes which ultimately determine the final 

part of the saturation process (Ą slow down of 

saturation)  

Á Final dismantling will provide further key information on 

the state of the buffer and at interfaces (e.g., plug, liner, 

coupons), corrosion and microbial activity  
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FEBEX in situ - ñLessons learnedò for the final dismantling             
                                     and potential other experiments 
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GENERAL 

 

ÁKnowledge transfer in a project over decades is 

crucial 

ÁThe design of the experiment was based on concepts 

and related requirements from the 90ôs. Issues like 

corrosion and microbiology have advanced and 

gained importance during FEBEXe. FEBEX-DP tries 

to retrieve as much as possible from the coupons, 

however, the original FEBEX-objectives need to be 

considered (the experiment was not designed as a 

canister corrosion experiment, neither a material, nor 

a sensor layout and measurement concept) 

ÁThe decision on where the knowledge resides 

(knowledge management strategy) is very important 

(in-house/contractors) 

ÁSignificant progress has been in terms of the 

understanding of coupled THM phenomena, with 

significant contribution from FEBEXe data 

 

 

Specific for FEBEX 

Å FEBEX-bentonite (Serrata-Clay) 

Å Bentonite blocks (and the resulting gaps) 
 

 

 

 


