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Medium-scale experiments on highly-compacted bentonites 

Expériences à échelle moyenne sur des bentonites fortement compactées

F.BUCHER, Institute of Soils Mechanics and Foundation Engineering, ETH, Zurich, Switzerland 

P.A.MAYOR, Institute of Soils Mechanics and Foundation Engineering, ETH, Zurich, Switzerland

Synops i s :  A  1: 20 scal e mo d e l  of  a 5 m  sect i on of  t he r eposi t or y gal l er y has  been bui l t  t o cai Ty out  ex per i ment s  on hi ghl y  

c ompac t ed bent oni t es.  I n t hi s paper ,  t he r esul t s of  t wo  t est s r unni ng over  a per i od of  about  2 40  days  ar e pr esent ed.  I n one t est ,  a 

s od i um bent oni t e,  i n t he ot her  t est  a cal c i um bent oni t e has  been i nvest i gat ed.  Th e  r esul t s wi t h r espect  t o t he wat er  upt ake,  t he 

swel l i ng pr essur e and t he sat ur at i on of  t he bent oni t e ar e gi ven and c ompar ed  t o val ues obt ai ned i n ear l i er  l abor at or y t est s.

1 I N T R OD U C T I ON

Th e  " Ge wa h r  1985"  pr oj ect  wa s  dev el oped b y  t he Nat i onal  

Cooper at i ve f or  t he St or age of  Radi oact i ve Wa s t e  i n v i ew of  

t he pr ob l ems  ar i si ng wi t h t he di sposal  of  hi ghl y  r adi oact i ve 

wast es  ( Nagr a 1985) .  Th e  pr oj ect  i s char act er i zed b y  a sys t em 

of  success i ve saf et y bar r i er s,  name l y  a gl ass mat r i x  i n wh i c h  

t he r adi onucl i des ar e e mb e d d e d ,  t he st eel  cani st er  wh i c h  

encl oses t he gl ass mat r i x,  t he bent oni t e f i l l  mat er i al ,  t he host  

r ock,  and  t he sedi ment ar y  over bur den.

Th e  bent oni t e f i l l  mat er i al  consi st s of  hi ghl y c ompac t ed bl ocks 

of  bent oni t e wh i c h  ar e i sost at i cal l y c ompr es s ed and cut  t o t he 

pr oper  si zes bef or e bei ng t r anspor t ed t o t he si t e a nd  pl aced 

ar ound t he cani st er s i n t he st or age gal l er i es.  Th e  bent oni t e 

bar r i er  has  bot h mec hani c al  and hydr aul i c  f unct i ons.  On e  of  

t he i mpor t ant  hydr aul i c  f unct i ons of  t he bent oni t e i s t o l i mi t  

and t o r et ar d t he access of  wat er  t o t he cani st er s and t hus t o 

r et ar d t he cor r osi on of  t he st eel  cani st er s.  Th e y  ar e expect ed t o 

be f ul l y t i ght  f or  at  l east  1000 year s.  Af t er war ds,  t he bent oni t e 

has  t o ens ur e t hat  t he r adi onucl i des ar e i sol at ed t o t he 

ma x i mu m ext ent .  For  t hi s f unct i on,  t he di f f usi vi t y an d  t he 

swel l i ng pot ent i al  of  t he hi ghl y  c ompac t ed  bent oni t e ar e of  

gr eat  i mpor t ance.  Det ai l ed i nvest i gat i ons of  t he r el evant  

pr oper t i es of  t he bent oni t e s uc h as t he upt ake of  wat er ,  t he 

swel l i ng behavi or ,  and  t he di f f usi vi t y hav e been car r i ed out  at  

t he I nst i t ut e of  Foundat i on Engi neer i ng and Soi l s Mec han i c s  

as par t  of  a r esear ch st udy c ommi s s i oned b y  Nagr a.

2 B E N T ON I T E  P ROP E RT I E S

T w o  t ypes  of  bent oni t es  h a v e  be e n  sel ect ed f or  t he 

i nvest i gat i ons.  On e  i s a s o d i u m bent oni t e f r o m Wy o mi n g ,  

U S A  wi t h t he desi gnat i on MX- 8 0 .  Th e  ot her  one i s a cal c i um 

bent oni t e f r om Bavar i a,  We s t  Ge r ma n y  wi t h t he desi gnat i on 

Mont i gel .  Th e  pr oper t i es of  t he t wo  bent oni t es hav e  been 

ext ensi vel y i nvest i gat ed ( Mul l er -  Vo n mo o s  and Ka h r  1983) .

For  t he me d i u m scal e exper i ment s ,  t he bent oni t es  wer e  

i sost at i cal l y c ompac t ed under  a pr essur e of  about  3 50  bar  and

subsequent l y  wo r k e d  i nt o di scs of  185 m m  i n di amet er  and 

62. 5 m m  i n wi dt h.  I ni t i al  dr y  densi t i es wer e  ar ound 1. 75 

Mg m' 3  and i ni t i al  wat er  cont ent s ar ound 9%.

3 T E S T I NG E QU I P ME N T

T o  ac c ompl i s h  n u me r o u s  t est  r esul t s wh i c h  hav e been 

obt ai ned at  smal l  scal es,  i t  wa s  dec i ded t o car r y out  me d i u m 

scal e l abor at or y t est s.  A  1: 20 scal e mo d e l  of  a 5 m  sect i on of  

t he r eposi t or y gal l er y wa s  bui l t .  Th e  des i gned t est  cyl i nder  

al l ows t he exami nat i on of  s ampl es  2 50  m m  i n l engt h and 185 

m m  i n di amet er .  A  cr oss sect i on i s gi ven i n Fi g.  1.  I t  s hows  

t hat  t he bent oni t e s ampl e i s al l owed t o t ake up  wat er  f r om si x 

f i l t er  st r i ps.  Th e  wat er  upt ake i s meas u r ed  dur i ng t he t est s.  

Th e  swel l i ng pr essur e of  t he bent oni t e ma y  be meas ur ed  by  

pr essur e t r ansducer s l ocat ed at  t he cent er  of  t he end pl at es.

Fi gur e 1.  Cr oss- sect i on of  t he t est  cyl i nder

1.  Fi l t er  st r i ps

2.  Pr essur e gauges
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4  T E S T  R E S UL T S

Test  r esul t s obt ai ned o n  a MX - 8 0  s ampl e and  on  a Mont i gel  

s ampl e ar e pr esent ed her e.  Bo t h  t est s wer e  r un over  a per i od 

of  about  2 5 0  days.

4. 1 Wa t e r  upt ake

Th e  upt ake of  wat er  i n t he cyl i nder  case i s descr i bed b y  t he 

f ol l owi ng di f f er ent i al  equat i on:

8 C  1 5 5 C

------------( r D _ )

6 1 r 6 r 8 r

Sol ut i ons f or  var i ous boundar y  condi t i ons c an be  f ound i n 

( Cr ank  1975) .  Th e  concent r at i on i . e.  t he wat er  cont ent  i n our  

t est s,  depends  on  t i me,  t he di st ance r  f r om t he cent er  of  t he 

cyl i nder ,  and  t he di f f usi on coef f i ci ent  D.  Us i ng  t he di f f usi on 

coef f i ci ent  D=3 . 1 0 - 1 0  m̂ / s  det er mi ned i n smal l  scal e t est s 

( Kahr  et  al .  1986) ,  one obt ai ns t he wat er  upt ake as a f unct i on

DAYS

Fi gur e 2.  Wa t e r  upt ake of  MX - 8 0  bent oni t e

DAYS

Fi gur e 3.  Wa t e r  upt ake of  Mont i gel  bent oni t e 
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of  t i me.  Bo t h  cal cul at ed and meas u r ed  cur ves ar e pl ot t ed i n 

Fi g.  2  and  Fi g.  3.  Th e  di scr epancy at  t he begi nni ng of  t he t est  

c an be  expl ai ned b y  t he f act  t hat  wat er  does  not  r each t he 

s pec i men over  t he ent i r e sur f ace of  t he cyl i nder  but  onl y  al ong 

t he 6  f i l t er  st r i ps.

4. 2 Swel l i ng pr essur e

Th e  dev el opment  of  t he swel l i ng pr essur e as a f unct i on of  t i me 

i s s h o wn  i n Fi g.  4  and  5.  As  t he pr essur e t r ansducer s ar e 

l ocat ed at  t he cent er  of  t he e nd  pl at es,  a del ay  of  about  20- 40 

day s  be t ween  t he begi nni ng of  t he t est s and  t he begi nni ng of  

t he bui l d- up of  t he swel l i ng pr essur e wa s  obser ved.  For  MX -  

80,  bot h t r ansducer s gav e about  t he s a me  val ue of  pr essur e 

wh i c h  r eached 14. 5 N / mm^  at  t he e nd  of  t he t est .

Fi gur e 4.  Dev e l opmen t  of  t he swel l i ng pr essur e of  MX - 8 0

DAYS

Fi gur e 5.  Dev e l opment  of  t he swel l i ng pr essur e of  Mont i gel

For  Mont i gel ,  t he t r ansducer s i ndi cat ed a gr eat er  di f f er ence i n 

t he bui l d- up of  t he swel l i ng pr essur e wh i c h  cor r esponds t o an 

obser ved non- uni f or mi t y  of  di e wat er  upt ake.  At  t he end of  t he 

t est  howev er ,  bot h gauges  gav e about  t he s a me  val ues of  16. 6 

N/ mm^ .
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I n Fi g.  6  and 7,  val ues of  swel l i ng pr essur e meas ur ed i n t he 

swel l i ng pr essur e appar at us  a nd  val ues  cal cul at ed f r o m 

i sot her ms meas ur ement s  ar e pl ot t ed as a f unct i on of  t he dr y 

densi t y f or  bot h bent oni t es ( Buc her  and  Mu l l e r - Vo n mo o s  

1988) .  T h e  val ues obt ai ned f r o m t he mo d e l  t est s ar e al so 

pl ot t ed i n t he f i gur es.  I t  i s ev i dent  t hat  i n bot h mo d e l  t est s 

sl i ght l y hi gher  pr essur es hav e been obt ai ned.

5 0 —1 [ N / m m 2 ]

•fr Model test 

A measured 

+ computed

A A &
I 1 I r— l-----'

1 .6 1 .8  

DRY DENSITY

H— I— I-
2.2

[ M g / m 3 ]

f ol l owi ng f i nal  val ues

dr y densi t y 1. 731 M g m _3

wat er  cont ent  2 1 . 4 %

degr ee of  sat ur at i on 99. 7 %

Th e  smal l  decr ease of  t he dr y  densi t y wa s  due t o i ni t i al  voi ds 

b e t ween  t he bent oni t e bl ocks and t he cyl i nder  and  due  t o an 

i ncr ease i n t he cyl i nder  v o l u me  bec aus e of  t he di spl acement s 

of  t he e nd  pl at es.

1464 c m3  of  ai r  wa s  i ni t i al l y enc l osed i n t he bent oni t e at  an 

ai r  pr essur e wh i c h  wa s  det er mi ned i n t he or der  of  3 bar s.  

Dur i ng t he t est ,  i t  wa s  obser ved t hat  onl y  s o me  f e w per cent  of  

t he ai r  es c aped f r om t he cyl i nder .  At  t he end  of  t he t est ,  t he ai r  

i n t he bent oni t e wa s  r educed t o a v o l u me  wh i c h  wa s  8 or  27 

c m3  accor di ng t o t wo  di f f er ent  det er mi nat i ons.  On e  ma y  

a s s u me  t hat  at  t he e nd  of  t he t est  t he ai r  i n t he bent oni t e has 

been c ompr es s ed b y  t he swel l i ng pr essur e as t her e does  not  

exi st  f r ee por e wat er  i n t he hi ghl y  c ompr es s ed  bent oni t e 

( Buc her  a nd  Mi i l l er - Vonmoos  1988) .  Pr oc eedi ng f r o m t he 

assumpt i on and appl y i ng Boyl e- Mar i ot t e' s equat i on 

p - V =  const .

wher e  p  i s t he ai r  pr essur e and V  i s t he ai r  vol ume,  one obt ai ns 

f or  p  =  14. 5 N / mm^  a v o l u me  of  30  c m3,  i .e.  a v o l u me  i n t he 

or der  of  t he meas ur ed val ues.

Fi gur e 6.  Swel l i ng pr essur e as a f unct i on of  t he dr y densi t y of  

MX- 8 0 .
5 C ON C L U S I ON S

[ N / m m 2 ]

£ Model test 

A measured 

+ computed

+A

A

A

— r~ 
1.6 1.8

DRY DENSITY

2.2

[ M g / m 3 ]

- Th e  wat er  upt ake of  hi ghl y  c ompac t ed  bent oni t e i n t he 

me d i u m scal e exper i ment s  ma y  be descr i bed as a di f f usi on 

pr ocess wi t h di f f usi on coef f i ci ent s obt ai ned f r om smal l  scal e 

t est s.

- Th e  swel l i ng pr essur es meas u r ed  i n t he exper i ment s  ar e 

sl i ght l y hi gher  t han t he swel l i ng pr essur es f r o m ear l i er  

i nvest i gat i ons.

- Th e  v o l u me  of  ai r  i ni t i al l y enc l osed i n t he bent oni t e wa s  

c ompr es s ed  dur i ng t he ex per i ment s  a nd  i s f i nal l y under  a 

pr essur e about  equal  t o t he swel l i ng pr essur e.

- Me d i u m scal e exper i ment s  on  hi ghl y c ompac t ed bent oni t e 

hav e  pr ov ed t o be  a val uabl e t ool  i nbet ween smal l  scal e 

l abor at or y t est s and l ar ge scal e f i el d t est s.

Fi gur e 7.  Swel l i ng pr essur e as a f unct i on of  t he dr y densi t y of  

Mont i gel .

4. 3 Sat ur at i on

At  t he begi nni ng of  t he t est ,  t he MX - 8 0  s amp l e  h ad  t he 

f ol l owi ng i ni t i al  pr oper t i es

dr y  densi t y 1. 746 Mgm- 3

wat er  cont ent  8. 33 %

degr ee of  sat ur at i on 39. 7 %

For  t he cal cul at i on of  t he degr ee of  sat ur at i on,  a speci f i c 

densi t y of  2. 755 Mg m- 3  wa s  assumed.

Af t er  241 days,  at  t he end  of  t he t est ,  one obt ai ned t he
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