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PROCESSES IN THE AQUIFER 
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Zweckverband Ostholstein, Timmendorfer Strand (G.F.R.) 

ABSTRACT 

Oxidation processes in an aquifer caused by injection of oxygen 

containing water can improve the groundwater quality and protect the 

groundwater against pollutions. The so called subterranean ground- 

water treatment is applied in several european countries for some 

years. Stream and transport mechanisms and chemical and biological 

reactions as well are described. The recharge system in an most 

practical manner uses the pumping well for injection of oxygenated 

water into the soil. 

INTRODUCTION 

The quality of groundwater depends on its content of soluble and 

insoluble substances. The concentration of several substances in 

groundwater varies with oxydation and reduction reactions. A solution 

containing substances with different oxidation grade is described by 

its redoxpotential. As oxidation is defined as delivery of electrons 

a change in the solution in oxidative direction is measured by 

raising redoxpotential. 

By biological decomposition of organic matter or pollutions the 

oxygen content of perculating water is consumed and the redoxpotential 

decreases. Hem (ref. 1 )  shows in stability field diagrams that the 

concentration of important substances in groundwater e.g. iron or 

manganese can raise considerably with decreasing redoxpotential. 

A change of redoxpotential from 2 2 0  mV causes a change of concen- 

tration of iron by factor lo4. In this paper a method is described by 

which a change of redoxpotential can improve groundwater quality. 
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INFLUENCE OF REDOXPOTENTIAL 
The r e d o x p o t e n t i a l  o f  groundwater  can be  i n f l u e n c e d  by add ing  an 

o x i d i z i n g  a g e n t  i n t o  t h e  s o i l ,  u s u a l l y  oxygen from t h e  a i r .  T r a n s p o r t  
and s p r e a d i n g  of  oxygenated w a t e r  is  d e s c r i b e d  m a t h e m a t i c a l l y  by a 
d i f f u s i o n - c o n v e c t i o n  e q u a t i o n  under  c o n s i d e r a t i o n  of  a s o r p t i o n  t e r m .  
F ig .  1 shows t h e  s p r e a d i n g  o f  oxygenated water i n j e c t e d  i n t o  a w e l l  
computed f o r  a r a d i a l  symmetr ical  stream f i e l d .  

0 1 2 3 4 5 6 7 r[ml 
local oxygen distribution 

Fig .  1 .  Oxygen c o n c e n t r a t i o n  i n  d i f f e r e n t  d i s t a n c e s  from i n j e c t i o n  
w e l l ,  p a rame te r :  t i m e  a f t e r  i n j e c t i o n  

A f t e r  r e c h a r g i n g  oxygenated w a t e r  i n t o  a w e l l  i r o n  and manganese 
c o n t a i n i n g  w a t e r  w i l l  be pumped o u t  w i t h  remarcably lower c o n t e n t s  of  
i r o n  and manganese. Repeated r e c h a r g e  o f  oxygenated w a t e r  c a u s e s  a 
t r e a t m e n t  of  groundwater  as w e l l  as i n  w a t e r  works f a c i l i t i e s .  
P o l l u t e d  groundwater  may be  t r e a t e d  by r e c h a r g e  of oxygenated water 
too.  The f o l l o w i n g  e x p l a n a t i o n  f o r  o x i d a t i o n  mechanisms i n  t h e  s o i l  
shows t h a t  s u b t e r r a n e a n  t r e a t m e n t  o f  groundwater  i s  n o t  t h e  same a s  
i n  w a t e r  works p l a n t s  ( f i g .  2 ) :  

A f t e r  s o m e  s t a r t i n g  i n j e c t i o n s  o f  oxygenated w a t e r  t h e  s o i l  i s  
covered by a l a y e r  o f  i ron-111-hydroxides .  During pumping i r o n  
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c o n t a i n i n g  w a t e r  o u t  o f  t h e  w e l l  t h e  i ron-111-hydroxide l a y e r  
a d s o r b e s  i r o n - I 1  u n t i l  t h e  s u r f a c e  o f  t h e  l a y e r  i s  comple t e ly  
cove red .  The oxygen i n j e c t e d  i n t o  t h e  a q u i f e r  by t h e  n e x t  r e c h a r g e  
w i t h  oxygenated water o x i d i s e s  t h e  l a y e r  o f  i r o n - I 1  t o  iron-111- 
hydrox ides  a g a i n  and t h u s  creates new a d s o r p t i o n  s p a c e .  The r e a c t i o n  
v e l o c i t y  is  h i g h  enough caused  by a u t o c a t a l y t i c  a c c e l e r a t i o n  though 
pH may b e  l o w .  A s i m i l a r  e x p l a n a t i o n  is g i v e n  by van Beek ( r e f .  2 )  

for removal o f  i r o n  from groundwater  i n  t h e  a q u i f e r .  

D injection - 
adsorption -, oxidation- mechanism 

F i g .  2 .Adsorp t ion  and o x i d a t i o n  o f  i r o n  on t h e  s u r f a c e  o f  g r a i n s  
shown i n  a p o r e  o f  an a q u i f e r  

The growth o f  i r o n  and manganese b a c t e r i a c a n  s u p p o r t  t h e  a d s o r p t i o n  
and o x i d a t i o n  of  i r o n  and manganese caused  by t h e  a l c a l i n e  c e l l  
s u r f a c e  o f  t h e  b a c t e r i a .  T h e r e f o r e  t h e  s u b t e r r a n e a n  groundwater  
t r e a t m e n t  may be  caused  by chemica l  and b i o l o g i c a l  r e a c t i o n s  too .  

TECHNICS O F  RECHARGE 
The oxygen from t h e  a i r  used a s  o x i d i z i n g  a g e n t  i n  an most 

p r a c t i c a l  manner i s  t r a n s p o r t e d  i n t o  t h e  a q u i f e r  s o l u t e d  i n  wa te r .  
The oxygenated w a t e r  s h o u l d  be  i n j e c t e d  i n  t h e  same w e l l  used f o r  
pumping o f  groundwater .  The i n j e c t i o n  c a p a c i t y  s h o u l d  be a t  l e a s t  
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t h e  same as t h e  pumping c a p a c i t y ,  t o  be  s u r e  t h a t  a l l  l a y e r s  o f  t h e  
a q u i f e r  w i l l  be t r e a t e d .  Some a p p l i e r s  p r e f e r  r e c h a r g i n g  by means o f  
s p e c i a l  i n j e c t i o n  w e l l s .  T h i s  method may c a u s e  t r o u b l e  i f  it i s  used 
i n  a q u i f e r s  c o n t a i n i n g  d i f f e r e n t  l a y e r s  w i t h  d i f f e r e n t  p e r m e a b i l i t i e s .  

I f  a groundwater  flow i s  to  be  t r e a t e d  i n  some s p e c i a l  d i r e c t i o n ,  
may be t o  avo id  s p r e e d i n g  o u t  o f  a p o l l u t i o n ,  i n j e c t i o n  w e l l s  are 
n e c e s s a r y .  Usua l ly  a p l a n t  o f  s u b t e r r a n e a n  groundwater  t r e a t m e n t  i s  
based on a t  l eas t  t h r e e  w e l l s .  Two of them a r e  r eady  t o  supp ly  c l e a n  
w a t e r ,  t h e  t h i r d  may be  e n r i c h e d  w i t h  oxygenated w a t e r  and so on. 

EXAMPLES 

A l o t  of  p l a n t s  o f  s u b t e r r a n e a n  groundwater  t r e a t m e n t  i n  s e v e r a l  
european c o u n t r i e s  shows t h a t  t h i s  method can r e p l a c e  c o n v e n t i o n e l  
w a t e r  works f a c i l i t i e s .  Groundwater w i t h  i r o n  c o n t e n t s  up t o  
18 mg F e / l  and manganese c o n t e n t s  of  2 mg Mn/l a r e  c o n d i t i o n e d .  I f  
t h e  method i s  a p p l i e d  i n  a c o r r e c t  manner a c c o r d i n g  t o  t h e  hydrogeo- 
l o g i c a l  s i t u a t i o n  and t h e  p l a n t  i s  c o r r e c t l y  dimensioned no 
m o d i f i c a t i o n  of a q u i f e r  c h a r a c t e r i s t i c s  i s  c a u s e d ,  s e r v i c e  l i f e  o f  
w e l l s  i s  prolonged and f e r r i c  e n c r u s t a t i o n s  i n  w e l l s ,  pumps and p i p e s  
a r e  avoided t o o .  The method can be performed economica l ly  w i t h  
v e r t i c a l  a s  w e l l  a s  h o r i z o n t a l  w a t e r  s u p p l y  w e l l s .  
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