
Quality of Groundwater, Proceedings of an International Symposium, Noordwijkerhout, 533 
The Netherlands, 23-27 March 1981, W. van Duijvenbooden, P. Glasbergen and H. van Lelyveld (EMS.), 
Studies in Environmental Science, volume 17 
0 Ekevier Scientific Publishing Company - Printed in The Netherlands 

HYDROGEOCHEMICAL INVESTIGATIONS UNDER AN IM: ILTRATING SURFACE WATER+ 

W. KANZ 
I n s t i t u t  f u r  G e o l o g i e  d e r  U n i v e r s i t a t  Wurzburg, Wurzburg (G.F.R.) 

A 1 4 0  y e a r s  o l d  d r a i n a g e  g a l l e r y  (107  m l ong)  i n  Sou the rn  Germany was 
i n v e s t i g a t e d  f o r  t h e  c h e m i s t r y  of i n f i l t r a t i n g  s u r f a c e  w a t e r  and  f o r  
t h e  s o l i d s  ( s i n t e r s  e t c . )  d e p o s i t e d  by t h e  i n f i l t r a t i o n .  The g a l l e r y  
i s  l o c a t e d  u n d e r  a fo rmer  n a v i g a t i o n  c h a n n e l .  So i t  was p o s s i b l e ,  f o r  
t h e  f i r s t  t ime ,  t o  examine t h e  h y d r o g e o l o g i c a l  p r o c e s s e s  i n v o l v e d  n o t  
on ly  i n  bank i n f i l t r a t i o n  b u t  a l s o  i n  i n f i l t r a t i o n  d i r e c t l y  below a 
s u r f a c e  w a t e r  bed. 

Organ ic  d e c o m p o s i t i o n  of i n f i l t r a t i n g  w a t e r  i n c r e a s e s  t h e  CO2-con- 
c e n t r a t i o n ,  and CaC03 i s  e x t r a c t e d  from t h e  s u r r o u n d i n g  Dogger m a r l s  
and c l a y s t o n e s .  Thus a l o n g  t h e  ma in  f l o w  l i n e s  t h e  underground i s  a l -  
r eady  c o m p l e t e l y  d e c a r b o n a t e d .  The w a t e r  shows low oxygen and n i t r a t e  
( d e n i t r i f i c a t i o n )  c o n c e n t r a t i o n s  a s  w e l l  a s  a s o u r  pH-value  and i n -  
c r e a s e d  i r o n  and manganese c o n t e n t s  ( t a b l e  1 s u b m  -m ) .  I n f i l t r a t i o n  
i n  t h i s  zone p r o d u c e s  f a s t  g rowing  s i n t e r s  of amorph Fe -hydrox ide  ( w i t h  
o r  w i t h o u t  Mn) t h a t  c o n t a i n  n o  c a r b o n a t e  ( p l a t e  1 sub  b + c ) .  - In some 
d i s t a n c e  f r a n  t h e  c h a n n e l  where t h e r e  i s  s t i l l  c a r b o n a t e  a v a i l a b l e  i n  
t h e  unde rg round ,  t h e  w a t e r  becomes h a r d e r  and  pH-values  may r i s e  up t o  
7 .  9. T h i s  s t a g e  shows a low F e - c o n t e n t s ,  t h e r e  a r e  Mn-hydroxide-ge l  
s i n t e r s ,  and ( a t  t imes )  p u r e  c a l c i t e  (CaC03) i s  d e p o s i t e d  ( l a m i n a t i o n ) .  

The d r a i n a g e  g a l l e r y  a l s o  y i e l d s  e v i d e n c e  f o r  2 s t a g e s  of i n f i l t r a t i n g  
p r e c i p i t a t i o n  w a t e r :  The f i r s t  sampl ing  s p o t  a t  a n  a e r a t i o n  s h a f t  e n t -  
e r i n g  t h e  g a l l e r y  from above  shows i n f i l t r a t i o n  a f t e r  a v e r y  s h o r t  time 
of r e s i d e n c e ;  t h e  w a t e r  i s  a g g r e s s i v e  ( p l a t e  1 s u b  d)  and  has  a h igh  
02 c o n c e n t r a t i o n .  - Water of t h e  second s t a g e  e n t e r s  t h e  g a l l e r y  by 
"normal" i n f i l t r a t i o n  and shows a c o n s i d e r a b l e  r i s e  i n  h a r d n e s s ,  p a r -  
a l l e l e d  by o r g a n i c  d e c o m p o s i t i o n  and N03- reduc t ion  ( t a b l e  1 sub  a + 

Water of t h e  1st s t a g e  p r o d u c e s  n o  d e p o s i t s  i n  t h e  g a l l e r y ,  whereas 
w a t e r  of t h e  2nd s t a g e  ( m )  r e s u l t s  i n  Fe-Hydroxide-  and  c a l c i t e  s i n -  
t e r s  and  s t a l a c t i t e s .  A t  b o t h  s t a g e s ,  Manganese i s  h a r d l y  invo lved  a t  

i- T h i s  work was s p o n s o r e d  by t h e  Deu t s c h c  Forschungsgemeinschaf  t .  

) .  
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Fig.  1 .  Cross s e c t i o n  of channel and drainage g a l l e r y .  
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Hydrochemical 

c o n s t i t u e n t s  

Hydr.Carbonate 
Su lpha t e  
C h l o r i d e  
N i t r a t e  
Phosphate  
Calcium 
Magnesium 
S t ron t ium 
Sodium 
Potassium 
I r o n  
Mang an e s e 
Dis so lv .  Oxygen 
DOC (I(T.InO4) 
D i s s o l v .  S o l i d s  
p H-va l u  e 
+ = s i n g l e  v a l u e s  

a n a l y s e s  (mean v a l u e s ;  i n  ppm) 
c h a n n e l  i n f i l t r . c h a n n e 1  water  

( s u r f a c e )  zone 1 zone 2 

El El 
1 5 1 .  1 6 2 .  2 2 6 .  

3 4 , 2  1 6 ,  9 2 4 , l  
1 4 , 7  1 5 , l  1 7 , 3  
2 1 , 7  0 , 4 9  2 , l o  

O , l l +  0,02* n. b. 
61 , 9  4 6 , 4  71  , 2  

1 1 , 7  1 1 , 6  1 1  ,o 

0 , 1 2 +  0 , 1 4 +  n.  b. 
5 , 8 8  3 , 4 6  3 , 6 7  
4 , 0 2  4,OO 2 , 6 5  
0 , 3 7  2 , l o  0,02 

o,O5 1 , 5 1  1 , 5 4 *  
9 , 9 2  2 , 7 5  n. b. 

1 0 , s  4 9 2  593 
306. 2 64 .  3 60. 

7 , 7 2  6 , 4 6  7 , 7 1  

i n f  i l t r .  p r e c i p i  t a  t i o n  
s t a g e  1 s t a g e  2 

6 0 , 4  271. 
2 6 ,  4 4 2 , 7  

7 9 2  7 9 2  
1 , 1 3  0 , 5 4  
0 , 1 5 +  0,02 + 

2 1 , 2  8 2 , 4  
9 , 0 0  1 3 , 0  
0,05 0 , 5 3  + 

4,OO 1 , 9 1  
3 , 1 6  8 , 7 5  

0 , 0 4 '  0 , 0 4  
8 , 0 6  2 , 6 2  

0,08 0 , 4 5  

731  2 , 8  

7 , 6 0  7 , 5 5  
1 3 3 .  42  9. 

a l l ,  n e i t h e r  i n  g round-wa te r  n o r  i n  t h e  s i n t e r s .  (This  c o u l d  mean t h a t  
t h e  Mn-concen t r a t ion  i n  i n f i l t r a t i n g  c h a n n e l  wa te r  o r i g i n a t e s  from t h e  
mud a t  t h e  bottom of t h e  c h a n n e l ;  f u r t h e r  ev idence  f o r  t h i s  assumption 
i s  needed.)  

Quite g e n e r a l l y ,  t h e r e  a r e  v e r y  few s u b s t a n c e s  t h e  c o n c e n t r a t i o n s  of 
which do  n o t  change d u r i n g  i n f i l t r a t i o n .  P a r t i c u l a r l y ,  t h e r e  i s  l i t t l e  
change w i t h  c h l o r i d e ,  which may a l s o  s e r v e  t o  i d e n t i f y  i n f i l t r a t i n g  
c h a n n e l  and p r e c i p i t a t i o n  water. - Magnesium c o n c e n t r a t i o n s  do  n o t  
change d u r i n g  c h a n n e l  water i n f i l t r a t i o n ,  b u t  t hey  show t a n p o r a l  v a r -  
i a t i o n  i n  t h e  young s t a g e  of p r e c i p i t a t i o n  i n f i l t r a t i o n  where they  
a l s o  have lowes t  mean v a l u e s  ( f i g .  1 sub m). - A l k a l i  c o n c e n t r a t i -  
ons a r e  somewhat u n u s u a l  i n  t h e  g a l l e r y .  I n  normal  r i v e r  i n f i l t r a t i o n ,  
i o n  exchange p r o c e s s e s  l e a d  t o  a lowering of po ta s s ium c o n c e n t r a t i o n s .  
In t h e  p r e s e n t  case, however, 1 4 0  y e a r s  of i n f i l t r a t i o n  have obv ious ly  
exhaus ted  t h e  s u b s u r f a c e  exchange c a p a c i t y ;  and i n  one i n s t a n c e  t h e r e  
i s  even a r i s e  i n  K-contents  - p o s s i b l y  because  t h e  c l a y s  c o n s i s t  
ma in ly  of I l l i t e ,  a c l a y  m i n e r a l  r i c h  i n  po ta s s ium.  Sodium c o n c e n t r a -  
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PLATE 1 .  
(a) Small  w h i t e  c a l c i t e  s t a l a c t i t e s  ("maccaroni"-)  and i ron -hydrox ide  
s i n t e r s  a t  s a m p l i n g  p o i n t  133 ( s e e  f i g .  1 ) .  
(b) F a s t  growing Fe-hydroxide s t a l a c t i t e  p a r t l y  c o a t e d  w i t h  b l a c k  

Mn-hydroxide f i l m ;  growth r a t e :  2 mm p e r  week ( ! ) ;  t o t a l  l e n g t h :  36 
cm; p e r e n n i a l  h i g h  C 0 2  c o n c e n t r a t i o n  ( a g g r e s s i v e  w a t e r ! ) .  

(c) Wall of t h e  d r a i n a g e  g a l l e r y  c o v e r e d  by b l a c k  Mn-hydroxide, p a r t l y  
c o a t e d  by c a l c i t e  l a y e r s  . 
(d) G a l l e r y  w a l l  (L ia s  limes tone) h e a v i l y  c o r r o d e d  by a g g r e s s i v e  p re -  
c i p i t a t i o n  e n t e r i n g  t h e  a e r a t i o n  b o r e h o l e  (m). Jurassic f o s s i l s  
(most ly  clgcgyJigclras) a r e  exposed by c a r b o n a t e  c o r r o s i o n .  
Ca. 1 / 6  n a t u r a l  s i z e  
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t i o n s ,  on the  o t h e r  hand, p r e s e n t  a g e n e r a l  decrease  during i n f i l t r a -  
t i o n ,  which may a l s o  be a t t r i b u t e d  t o  ion exchange processes .  

D e t a i l s  on the  growth of t he  s i n t e r s  and s t a l a c t i t e s  and on seasona l  
changes i n  wa te r  q u a l i t y  a r e  g iven  i n  r e f .  4. F o r  t echn ica l  and h i s t o r -  
i c a l  d a t a  on the  l o c a l i t y  i n v e s t i g a t e d  s e e  r e f .  1. 
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