
Informes Técnicos Ciemat 1542 
Noviembre, 2024

SATURATION OF 

BLOCK/PELLETS BARRIERS 

OF WYOMING BENTONITE 

Villar Galicia, M.V.

Iglesias Martínez, R.J. 

Gutiérrez Álvarez, C. 



https://cpage.mpr.gob.es/
http://www.ciemat.es/portal.do?IDM=223&NM=3




  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 



  

 

 

  

  

  

  

  

  

  

  

  

  

 

 

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 



  

  

  

  

  

  

 

 

 

 

 

 

 

 

 



 





https://www.beacon-h2020.eu/






 

 

1
3

7
8

1
2
8 1
4
5

RH/T UP

RH/T MID

RH/T DWN

P UP

P MID

P DWN



 

 



 



 

 



 





 







ln Ps = 5.44 d – 6.94 [1] 





log kw = -2.94 d – 8.17 [2] 



 

 



RH/T UP

RH/T MID

RH/T DWN

P UP

P MID

P DWN

PORE 
PRESSURE

MX-80 block

MX-80 
Pellets+powder

(70/30)

Water inflow









23

24

25

26

27

28

29

30

31

32

0

5

10

15

20

25

30

35

40

45

50

0 2 4 6 8 10 12 14 16

Te
m

p
e
ra

tu
re

 (°C
)

R
e
la

ti
v
e
 h

u
m

id
it
y
 (

%
)

Time (days)

RH-up RH-mid RH-dwn
T-up T-mid T-dwn

ON AIR

INSIDE 
THE CELL

0.00

0.02

0.04

0.06

0.08

0.10

0.12

-0.60

-0.40

-0.20

0.00

0.20

0.40

0.60

0.80

0 2 4 6 8 10 12 14 16

P
o
re

 p
re

ssu
re

 (M
P
a
)

P
re

ss
u
re

 (
M

P
a
)

Time (days)

P-up P-mid P-dwn Pore-Pres.

ON AIR

INSIDE 
THE CELL

22

23

24

25

26

27

28

40

41

42

43

44

45

0 3 6 9 12 15

Te
m

p
e
ra

tu
re

 (°C
)

R
e
la

ti
v
e
 h

u
m

id
it
y
 (

%
)

Distance from hydration surface (cm)

INITIAL PHASE

RH

T

Pellets Block



 











18

19

20

21

22

23

24

25

26

27

28

40

50

60

70

80

90

100

0.001 0.01 0.1 1 10

T
e
m

p
e
ra

tu
re

 (°C
)

R
e
la

ti
v
e
 h

u
m

id
it
y
 (

%
)

Time (days)

RH-up RH-mid RH-dwn

T-up T-mid T-dwn



 

 

 

 

 

 

 

 

 





 

 

 

 



 

 





 

1B

2B

3B

4BP

5P

6P

7P





1B

w1x1

ρ1x1

w1x2

ρ1x2

w1x4

ρ1x4

w1x5

ρ1x5

w1xy3

ρ1xy3

w1y1ρ1y1

w1y2ρ1y2

w1y4ρ1y4

w1y5ρ1y5

1B BET1B MIP

1B RX

1_1º 1_2º

1_4º 1_3º





 

0

5

10

15

20

25

0

10

20

30

40

50

60

70

80

90

100

0 200 400 600 800

Te
m

p
e
ra

tu
re

 (°C
)R

e
la

ti
v
e
 h

u
m

id
it
y
 (

%
)

Time (hours)

RH-up RH-mid RH-dwn

T-up T-mid T-dwn



 

 

 





 



    



94

95

96

97

98

99

100

0 3 6 9 12 15

D
e
g
re

e
 o

f 
sa

tu
ra

ti
o
n
 (

%
)

Distance from hydration (cm)

ext

mid

int

pellets block



 

 



 







 

 

BET a s 

(m2/g)





 

 



 

 



a va lues  after tomography





 









 

0.08

0.10

0.12

0.14

0.16

0.18

0.20

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

0.001 0.1 10 1000

P
o
re

 p
re

ssu
re

 (M
P
a
)

P
re

ss
u
re

 (
M

P
a
)

Time (days)

P-up

P-mid

P-dwn

Pore-Pres.















 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1016/j.clay.2021.106122
https://doi.org/10.1016/j.clay.2020.105542
https://doi.org/10.1016/j.enggeo.2019.04.004


 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1016/j.clay.2006.01.005


 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1016/j.enggeo.2019.105408
https://doi.org/10.1016/j.enggeo.2021.106272








1B

2B

3B

4BP

5P

6P

7P

Hydration Surface (Porous Stone)

1B

w1x1

ρ1x1

w1x2

ρ1x2

w1x4

ρ1x4

w1x5

ρ1x5

w1xy3

ρ1xy3

w1y1ρ1y1

w1y2ρ1y2

w1y4ρ1y4

w1y5ρ1y5

1B BET1B MIP

1B RX

1_1º 1_2º

1_4º 1_3º



6P

w6x1

ρ6x1

w6x2

ρ6x2

w6x4

ρ6x4

w6x5

ρ6x5

w6xy3

ρ6xy3

w6y1ρ6y1

w6y2ρ6y2

w6y4ρ6y4

w6y5ρ6y5

6P BET6P MIP

6P RX

6_1º 6_2º

6_4º 6_3º

7P

w7x1

ρ7x1

w7x2

ρ7x2

w7x4

ρ7x4

w7x5

ρ7x5

w7xy3

ρ7xy3

w7y1ρ7y1

w7y2ρ7y2

w7y4ρ7y4

w7y5ρ7y5

7P BET7P MIP

7P RX

7_1º 7_2º

7_4º 7_3º



d r









1B

w1x1

ρ1x1

w1x2

ρ1x2

w1x4

ρ1x4

w1x5

ρ1x5

w1xy3

ρ1xy3

w1y1ρ1y1

w1y2ρ1y2

w1y4ρ1y4

w1y5ρ1y5

1B BET1B MIP

1B RX

1_1º 1_2º

1_4º 1_3º

X SECTION (w, %)

X SECTION (d, g/cm3)

X SECTION (Sr, %)



1B

w1x1

ρ1x1

w1x2

ρ1x2

w1x4

ρ1x4

w1x5

ρ1x5

w1xy3

ρ1xy3

w1y1ρ1y1

w1y2ρ1y2

w1y4ρ1y4

w1y5ρ1y5

1B BET1B MIP

1B RX

1_1º 1_2º

1_4º 1_3º

Y SECTION (w, %)

Y SECTION (d, g/cm3)

Y SECTION (Sr, %)



1B

w1x1

ρ1x1

w1x2

ρ1x2

w1x4

ρ1x4

w1x5

ρ1x5

w1xy3

ρ1xy3

w1y1ρ1y1

w1y2ρ1y2

w1y4ρ1y4

w1y5ρ1y5

1B BET1B MIP

1B RX

1_1º 1_2º

1_4º 1_3º

47.1 /
0.0

35.3

23.6

11.8

DEVELOPMENT OF LATERAL SURFACE (w, %)

DEVELOPMENT OF LATERAL SURFACE (d, g/cm3)

DEVELOPMENT OF LATERAL SURFACE (Sr, %)



1B

w1x1

ρ1x1

w1x2

ρ1x2

w1x4

ρ1x4

w1x5

ρ1x5

w1xy3

ρ1xy3

w1y1ρ1y1

w1y2ρ1y2

w1y4ρ1y4

w1y5ρ1y5

1B BET1B MIP

1B RX

1_1º 1_2º

1_4º 1_3º

29.5 /
0.0

22.1

14.8

7.4

DEVELOPMENT OF INTERMEDIATE SURFACE (w, %)

DEVELOPMENT OF INTERMEDIATE SURFACE (d, g/cm3)

DEVELOPMENT OF INTERMEDIATE SURFACE (Sr, %)



1B SECTION (w, %)

1B SECTION (d, g/cm3)

1B SECTION (Sr, %)

4BP SECTION (w, %)



4BP SECTION (d, g/cm3)

4BP SECTION (d, g/cm3)

4BP SECTION (d, g/cm3)

7P SECTION (d, g/cm3)



7P SECTION (Sr, %)



 

 


	Portada IC
	Saturation of bloc
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	1 INTRODUCTION
	2 EXPERIMENTAL SETUP
	2.1 Cell
	2.2 Sensors
	2.2.1 RH/T transmitters
	2.2.2 Pressure sensors
	2.2.3 Pore pressure

	2.3 Hydration system
	2.4 Data acquisition and control system

	3 MATERIALS
	4 SAMPLE PREPARATION
	5 ONLINE RESULTS
	6 CELL DISMANTLING AND SAMPLING
	6.1 Ending of operation
	6.2 Cell disassembling and block extraction
	6.3 Bentonite sampling and assessment of final state

	7 ASSESSMENT OF SENSORS PERFORMANCE
	8 FINAL STATE OF THE BENTONITE
	8.1 Dry density and water content
	8.1.1 Methodology
	8.1.2 Results

	8.2 Pore size distribution and specific surface area
	8.2.1 Methodology
	8.2.2 Results

	8.3 Basal spacing
	8.3.1 Methodology
	8.3.2 Results

	8.4 Optical analysis and tomography
	8.4.1 Stereo microscope analysis
	8.4.2 Microcomputed tomography


	9 SUMMARY AND DISCUSSION
	10 CONCLUSIONS
	11 REFERENCES
	APPENDIXES
	APPENDIX I: VALUES RECORDED BY SENSORS
	APPENDIX II. SUBSAMPLING OF SECTIONS
	APPENDIX III. FINAL VALUES
	APPENDIX IV. CONTOUR PLOTS
	2D contour representations of the X vertical section
	2D contour representations of the Y vertical section
	2D contour representations of lateral developments of the column
	2D contour representations of the intermediate developments of the column
	2D contour representations of horizontal sections



	contraportada

