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SUBTERRANEAN EROSION I N CLAY

WALTER BERNATZIK 

I n n s b r u c k ,  Au s t r a l

Th e  me c h a n i c s  o f  s u b t e r r a n e a n  e r o s i o n  i n  
q u i c k s a n d  a r e  we l l - known a n d  h a v e  a l r e a d y  b e e n  
d e s c r i b e d ,  2 )  whe r e by  i t  wa s  s hown t h a t  i n  t h e  
c a s e '  o f  u n de r g r o u n d  wa t e r  s p r i n g s  t h e  i n d i v i d u ­
a l  g r a i n s  o f  s a nd  a r e  wa s h e d  a wa y s o t h a t  s ub ­
t e r r a n e a n  c a v i t i e s  a r e  f o r me d i n  r e t r o g r e s s i v e  
d i r e c t i o n .  Ho we v e r , a n a l o go u s  e f f e c t s  t a k e  p l a c e  
o c c a s i o n a l l y  i n  c l a y ,  i . e .  wh e n e v e r  t h e  c l a y  b y  
n a t u r e  c o n t a i n s  f i s s u r e s  o r  t h i s  be c ome s  t h e  
c a s e  a s  t h e  r e s u l t  o f  s ome p r e v i o u s  i n f l u e n c e  
a s  e . g .  l o we r i n g  o f  t h e  g r o u nd  i n  mi n i n g  s i t e s ,  
l a n d s l i d e s ,  o r  b u i l d i n g  wo r k . I n  s u c h  c a s e s  t h e  
o r i g i n a l l y  ' c o h e r e n t  c l a y  l a y e r s  may d i s s o l v e  
i n t o  a  ma s s  o f  s ma l l  c l a y  c ub e s  wi t h o u t  a ny  c o ­
h e r e n c e ,  wi t h i n  wh i c h  e r o s i o n  i s  p o s s i b l e ,wh i c h  
t a k e s  p l a c e  i n  a  ma nne r  s i m i l a r  t o  t h a t  i n  t h e  
c a s e  o f  q u i c k s a n d .
Whe n s i n k i n g  a  s h a f t  i n  t h e  c o a l  d i s t r i c t  o f  
Uo r a v s k a  Os t r a v a  a  l a y e r  o f  me a gr e  c l a y  380 m 
t h i c k  wa s  t o  b e  p e n e t r a t e d ,  wi t h i n  wh i c h  t h e r e  
we r e  v e r y  t h i n  l a y e r s  o f  s a n d  a nd "m o ".  As  s o o n  
a s  a  de p t h  o f  a bo u t  8 0  m wa s  r e a c h e d ,  t h e  r i n g  
o f  t he  s h a f t  wa s  no t  c l o s e d  b u t  a  c r e v a s s e  wa s  
l e f t  o p e n  i n  o r d e r  t o  h o u s e  a  pump. When t h e  
n e x t  r i n g  wa s  b e i n g  e xc a v a t e d ,  t h e  wa l l i n g  o f  
t h e  s h a f t  ga ve  wa y t o wa r d s  t h e  i n t e r i o r ,  a n d  a  
p u l p y  ma s s  o f  c l a y  o o ze d  s l o wl y  f r o m t h e  wi n do w, 
u n t i l  t h e  bo t t o m o f  t h e  s h a f t  wa s  f i l l e d  u p  t o  
t h e  u p p e r  e dge  o f  t h e  wi n d o w. I n  t h e  c o u r s e  o f  
t h i s  p r o c e s s  t h e  i n d i v i d u a l  c l a y  c u b e s  we r e  
s e v e r e d  f r om t h e  wa l l  a nd a f t e r  t h e y  h a d  f a l l e n  
t o  t h e  g r o und  i t  wa s  p o s s i b l e  t o  s e e  t h e  r e f l e c ­
t i o n  o f  t h e  wa t e r  on  t h e  wa l l s ,  wh i c h  s l o wl y  
t r i c k l e d  down t h e  wa l l s .  Th e  h o l l o w f o r me d b e ­
h i n d  t h e  wa l l i n g  o f  t h e  s h a f t  be ga n  t o  move i n  
a n  up wa r d  d i r e c t i o n  a l o n g  t h e  wa l l i n g ,  a f t e r  
t h e  p r o c e s s  h a d  b e e n  c o mp l e t e d  b y  f i l l i n g  up  
t h e  wi n do w, s o t h a t  whe n  c l o s e d  b y  i n j e c t i o n  o f  
c eme nt  i t  was  l o c a t e d  b y  me a ns  o f  d r i l l i n g  aper -

t u r e s  t h r o u g h  t h e  wa l l i n g  a n d  wa s  l o c a t e d  i n  a  
h e i g h t  o f  15 t o  20 m a bove  t h e  u p p e r  e dge  o f  
t h e  wi n d o w. (Se e  i l l u s t r a t i o n ) .
Su c h  e r o s i o n s  a r e  f o u n d  a l s o  a t  t h e  f o o t  o f  c l a ; 
l a y e r s  f o r me d a s  t h e  r e s u l t  o f  a  s l i d e ,  i n  whi c l  
c a s e  mo s t l y  s p r i n g s  e mer ge  h a v i n g  c o n s i d e r a b l e  
h y d r a u l i c  g r a d i e n t s ,  wh i c h  may l e a d  t o  t h e  f o r ­
ma t i o n  o f  h o l l o ws  i f  t h e  d e p o s i t s  o f  e r o d e d  ma ­
t e r i a l  i s  c o n t i n u a l l y  r e move d a s  e . g .  b y  a  
r i v e r .
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Th e  c a l c u l a t i o n  o f  t h e  f l o w o f  a  f i l t e r -  
we l l  i s  v e r y  e a s y  i f  Du p u i t ' s  f o r mu l a  i s  u s e d . 
The  l a t t e r  g i v e s  v e r y  p r e c i s e  r e s u l t s  i n  t he  
c a s e  o f  c a p t i v e  g r o u n dwa t e r ; i n  t he  c a s e  o f  
o r d i n a r y  g r o u n dwa t e r  h o we v e r , t h e  r e s u l t s  a r e  
o n l y  a p p r o xi ma t e . As  t h i s  a p p r o x i ma t i o n  i s  
n o t  v e r y  we l l  kno wn , s e v e r a l  a u t h o r s  l i k e  MUS-  
KAT, VIBERT a n d  J AEGER h a v e  wr i t t e n  a g a i n s t  t he  
u s e  o f  t h i s  f o r mu l a .

The  me t hods  t h e y  a d v o c a t e  a r e  much mor e  
c o mp l i c a t e d  a n d  t h i s  p r e v e n t s  t hem f r om b e i n g  
u s e d  i n  t h e  c a l c u l a t i o n s  a i me d  a t  l o we r i n g  t he

wa t e r  t a b l e  b y  me a ns  o f  s e v e r a l  f i l t e r - we l l s ,  
wh e r e a s  Du p u i t ' s  me t hod r e ma i n s  s t i l l  e a s i l y  
a p p l i c a b l e .  Th e r e  o n l y  r e ma i ns  t o  de t e r mi n e  
t h e  c o n d i t i o n s  u nd e r  wh i c h  i t  c a n  b e  a p p l i e d ,  
t a k i n g  a s  s t a r t i n g  p o i n t  pump i ng  f r om a  s i n g l e  
we l 1- p o i n t .

I t  i s  p o s s i b l e  t o  e s t a b l i s h  t h i s  l a t t e r  
f o r mu l a , a s s u mi ng  t he  f r e e  s u r f a c e  o f  t h e  wa-  
t e r - t a b l e  t o  b e  h o r i z o n t a l ,  t h a t  i s  t o s a y  a  
g r o u n dwa t e r  wi t h  no r u n - o f f .

The  p o t e n t i a l  t h e o r y  g i v e s  u s  a  d e f i n i t e  
r i g h t  t o a p p l y  t h i s  f o r mu l a  whe n  t h e  wa t e r -


