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ABSTRACT 

I n  t h e  a l l u v i a l  a q u i f e r s ,  c l o s e l y  r e l a t e d  t o  t h e  s u p e r f i c i a l  water-flow, t h e  

q u a l i t y  of  t h e  pumped water is more or less in f luenced  by t h e  r i v e r  water q u a l i t y .  

T h i s  i n f l u e n c e  i s  s p e c i a l l y  remarkablein t h e  m i n e r a l i z a t i o n .  

An a n a l y t i c a l  comparison of  ground-water and r ive r -wa te r  shows t h e  r e a c t i o n s  

o f  the a q u i f e r  t o  an  impulsion given by t h e  l a t t e r .  I f  o f t e n  acts as a "fad" or 

a %topper"  and provokes t h e  s l acken ing  o f  t h e  v a r i a t i o n s  c r e a t e d  by t h e  r i v e r .  

It is  hence p o s s i b l e  t o  deduce t h e  changes i n  t h e  a q u i f e r s  caused by an  acci- 

d e n t a l  p o l l u t i o n  o f  a r i v e r ,  t h e  zones s u s c e p t i b l e  t o  be a f f e c t e d  by t h e  pheno- 

menon and the t i m e  necessa ry  f o r  i t s  even tua l  disappearence.  

INTRODUCTION 

I n  a n  a l l u v i a l  a q u i f e r ,  t h e  l e n t i c u l a r  s t r u c t u r e  i s  t h e  g e n e r a l  r u l e .  Th i s  

medium can  be a s s i m i l a t e d  to  any th ing  of  i s o t r o p i c  and homogeneous t o  t h e  p r e s s u r e  

t r ansmiss ion .  On t h e  c o n t r a r y ,  t h i s  a s s i m i l a t i o n  i s  impossible  abou t  t h e  w a t e r  

q u a l i t y .  

The p e r m e a b i l i t y  v a r i a t i o n ,  i n  h o r i m n t a l  p l ane  l i k e  i n  v e r t i c a l  p l ane  b r i n g s  

abou t  mix tu res  which are m o r e  important  than t h e  a l o n e  a n a l y s i s  o f  i s o p i e z e  maps 

could show it. 

ANALYSIS OF THE PHENOMENDN 

I f  w e  c o n s i d e r  a p o i n t  of t h e  water t a b l e  where t h e  water comes from t h e  r i v e r ,  

w i a o u t + n t e r r u p t i o n ,  t h e  comparison o f  t h e  r e s i s t i v i t y  v a r i a t i o n  i n  t h e  water- 

t a b l e  and i n  t h e  r i v e r  shows g r e a t  d i f f e r e n c e .  The r i v e r  r e s i s t i v i t y  v a r i a t i o n  

are absorbed,  f o r  a g r e a t  p a r t ,  i n  t h e  wa te r - t ab le  ( F i g .  I ) .  

But t h i s  a b s o r p t i o n  is  very d i f f e r e n t  o f  t h e  a b s o r p t i o n  o f  t h e  waves inducted 

i n  t h e  wa te r - t ab le  by t h e  v a r i a t i o n  o f  t h e  r i v e r  l e v e l .  

It  is  no t  a t r u e  a b s o r p t i o n  b u t  on ly  a l a r g e  mix tu re .  

I n  a s i m i l a r  s i t u a t i o n ,  i n  case o f  g r e a t  pumping o u t ,  t h e  water  pumped shows 

t h e  same d i f f e r e n c e  wi th  t h e  r i v e r  water ( f i g .  2 ) .  The mixture  a f f e c t s  a l a r g e  
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volume and can be suppl ied.  

A l l  these  r e s u l t s  of the mixture of  water proceeding of  the same source but  

which w a s  i n j e c t e d  i n  t h e  water-table a t  d i f f e r e n t  t i m e s  ( r e f .  1). The question 

is t o  know what is the mechanism of t h i s  mixture. 

An a l l u v i a l  aqui fe r  i s  made of  pebble, g rave l ,  sand and c lay  l e n t i l s .  Those 

ones c u t  again themselves. Every l e n t i l  can be ass imi lab le  t o  stream-tube, chara- 

c t e r i s e d  by t h e i r  permeabi l i ty  and t h e i r  sec t ion .  In t h i s  stream tubes water 

flows submitted t o  a f i e l d  pressure var ied with t h e  gradient  of  the water-table 

i n  the considered aera .  

I n  t h e  connection of  two l e n t i l s  waters of the two stream tubes a r e  mixted 

and t h i s  mixture w i l l  be divided a f t e r  t o  flow i n  o ther  l e n t i l s .  

I f  w e  consider  the phenomenon i n  a n  hor izonta l  plane, each l e n t i l  can be a s s i -  

milated t o  a vector  carac te r i sed  by i t s  permeabi l i ty  and i t s  s e c t i o n .  

I t  is poss ib le  to e s t a b l i s h  a system where these v e r t o r s  a r e  the  boundaries 

of m a i l s  and where the knots a r e  the  poin ts  of  mixture (Fig. 3 ) .  

I n  a p a r t  of t h e  water-table where the supply proceeds i n  t o t a l i t y  from the  

same source, the  r i v e r  f o r  example, the  water a r r i v e s  a t  the  poin t  of pumping o u t  

by d i f f e r e n t  ways a t  the same t i m e .  

Each way implies a d i f f e r e n t  t i m e  of t r a n s i t .  The water pumped o u t  a t  a cer-  

t a i n  time, i s  cons t i tued  by elementary masses of water i n j e c t e d  i n  t h e  water- 

t a b l e  a t  d i f f e r e n t  time and having covered d i f f e r e n t  d i s tances ,  according t o  d i f -  

f e r e n t  ways. In  two neigbouring stream tubes, speed of flow can be very d i f f e r e n t ,  

from one o r  two power of ten,  i n  connection with permeabi l i ty .  

In f a c t ,  i t  seems t h a t  t h e  multitude of ways poss ib le  f o r  elementary masses 

come t o  an average f o r  t r a n s i t  time ; t h i s  average time represents  the  renewal 

t i m e ,  t h a t  i s  t o  say the t i m e  t o  renew a l l  t h e  water of the  a rea  concerned by 

the  pumping out .  

Therefore the pumped o u t  water represents  a mixture of elementary masses of 

water in jec ted  a t  d i f f e r e n t  t i m e s .  Each of t h i s  elementary masses has a s p e c i f i c  

mineral izat ion funct ion of the  mineral izat ion of the  r i v e r  water j u s t  as the  in-  

j e c t i o n  i n  the  water- table .  

The longer average t r a n s i t  time i s , t h e  more important the mixture w i l l  be and 

the  v a r i a t l o n  of  mineral izat ion absorbed i n  the  water-table too.  I f  t h i s  t r a n s i t  

time is l a s t  more than a year ,  the mineral izat ion of the water pumped o u t  w i l l  

be almost constant .  

I f  t h e  system of stream tubes can expl ian c l e a r l y  the  mixture observed a t  the 

pumping out  p o i n t ,  it is  a l s o  poss ib le  t o  understand the d ispers ion  of a minera- 

l i z a t i o n  wave inducted i n  t h e  water- table .  
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Fig .  1 .  Comparison o f  t h e  water r e s i s t i v i t y  i n  t h e  r i v e r  and i n  t h e  wa te r - t ab le ,  
i n  a p o i n t  where t h e  supply  is c o m i n g  from on ly  t h e  r i v e r  ( n e a r  A l b e r t v i l l e  - 
Isere v a l l e y  - F r a n c e ) .  
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Dynamic l i m i t s  a r e  d i f f e r e n t  of  chemical l i m i t s  (ref,. 2 ) .  I t  i s  easy t o  i m a -  

gine, according to  t h e  system, t h a t  a part o f  i n j e c t e d  water and of i o n s  inclued 

can be found on a sur face  much more expanded l i k e  it wguld be poss ib le  to  see i t  

according t o  i sopieze  maps. 

1 alluvia lentils 

2 possible ways to go from A to B 

/ 
F I G  . 3  

Fig. 3 .  Diagram of a mailed system with the  d i f f e r e n t  poss ib le  ways f o r  an 
elementary mass of w a t e r  t o  go f r o m  the  i n f i l t r a t i o n  zone t o  t h e  p o i n t  of 
measure. The m a i l  l i m i t s  represent  the  a l l u v i a l  l e n t i l s .  

INFLUENCE ON WATER QUALITIES 

This idea of mixture i n  connection with l e n t i c u l a r  s t r u c t u r e  o f  aqui fer  pre- 

s e n t s  th ree  aspects  concerning the water q u a l i t i e s .  

Waters pumped o u t  i n  a poin t  of  the water-table a r e  not  depending of the ins tan t -  

aneous q u a l i t i e s  of the  water which suppl ies  t h i s  sec tor  of the water-table but 

of  t h e i r  average q u a l i t i e s .  Pumped out  waters have a mineral izat ion which changes 

much less than these of the r iver-water .  Mineral izat ion of the  pumped o u t  waters 

does not devia te  much of the average of water-r iver  mineral izat ion ( r e f .  I ) ,  a l l  

the  more a s  the area of mixture is  l a r g e r .  
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The pumped o u t  water q u a l i t i e s  depend on t h e  a q u i f e r  s t r u c t u r e .  The more nu- 

merous and the s h o r t e r  t h e  l e n t i l s  are, the  more numerous t h e  p o i n t s  of  mixture 

are. 
Existence of anc ien t  meanders can permit t h e  d i f f u s i o n  of suppl ies  i n  a l l  the 

water- table ,  i f  these  anc ien t  meanders go through t h e  va l ley  from one s i d e  to the  

o ther  ( r e f .  3 ) .  

But i n  general  r u l l ,  hor izonta l  permeabi l i ty  i s  higher  than the  v e r t i c a l  per- 

meabi l i ty .  This  can explain the  presence, on t h e  same v e r t i c a l ,  of waters with 

very d i f f e r e n t  q u a l i t i e s  whereas the  mixture i s  doing w e l l  i n  an hor izonta l  plane, 

on a l a r g e  area. 

The second aspect is i n  r e l a t i o n s h i p s  with the  mineral izat ion of the water 

during its underground passage. River waters are o f t e n  f a r  of the s a t u r a t i o n  and 

they can r e a c t  on the  miale, t h a t  i s  to  s a i d  on t h e  mineral elements composing 

t h e  a q u i f e r .  The mineral charge of  the waters increases  with t h e  length of the 

underground passage ( r e f .  1 ) . This  increase  of mineral izat ion a f f e c t s  a l l  the 

area  of  mixture all the  more as the  poin ts  of mixtures a r e  more numerous. 

The t h i r d  aspect concerns r i s k s  of  p o l l u t i o n .  In  case of po l lu t ion  of  the river- 

water the wave of p o l l u t i o n  wil lbe absorbed i n  t h e  water-table l i k e  the wave of 

mineral izat ion,  b u t  t h e  pol luant  w i l l  s t a y  i n  the  water-table a longuer t i m e  

which i s  funct ion of  the  average t r a n s i t  t i m e .  

Furthermore, the  p o l l u t i o n  d i f f u s e s  on a l l  t h e  a rea  of mixture. I t  is ,  i n  such 

a case, necessary t o  know the limits of t h i s  a rea ,  t h a t  i s  t o  say t h e  chemical 

limits which are d i f f e r e n t  of the  dynamic limits. 

This  w i l l  be e a s i e r  a s  t h e  suppl ies  coming from the r i v e r  have a mineral izat ion 

d i f f e r e n t  from those of the o ther  suppl ies  ( r e f .  1). 

But it i s  very d i f f i c u l t  t o  f o r e c a s t  the  absorpt ion of  the wave of po l lu t ion ,  

p a r t i c u l a r y  near the  river. I n  some l e n t i l s  with high permeabi l i ty ,  the  concen- 

t r a t i o n  of the pol luant  can be very high on a long d is tance  ( r e f .  3) when it is 

almost n u l l  i n  neighbouring l e n t i l .  

CONCLUSIONS 

The l e n t i c u l a r  s t r u c t u r e  of  a l l u v i a l  aqui fe rs  favors  t h e  mixture of the water 

i n  t h e  water-table. This comes t o  an absorpt ion of  t h e  waves inducted i n  the  

water- table ,  b u t  a l s o  by t h e  d ispers ion  of the elements i n j e c t e d  i n  the  water- 

t a b l e  on a reas  very expanded, much more expanded l i k e  it would be possible  to see 

it according t o  hydrodynamic ana lys i s .  

The l i m i t  suscept ib le  t o  be reached by the  p o l l u t i o n  wave can be determined 

only by the  chemical ana lys i s  of  the underground water, which permits t o  set t le  

the  l i m i t  of  inf luence of each supply of the  water- table ,  i f  their mineral izat ion 
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a r e  enough d i f f e r e n t .  

REFERENCES 

1 J.-C. FOURNEAUX, GBologie Alp ine ,  54 (1978) 25-66. 
2 A.F. CHOUTEAU and J . C .  FOURNEAUX. GBologie Alp ine ,  47  (1971) 141-146. 
3 A.F. CHOUTEAU and J.C. FOURNEAUX, I1 Col. Rh6nes-Alpes on Water P o l l u t i o n  

(1972) 586-594. 

F I G .  2 

/ 

.iO -0 

/ 

0 

o R i v e r  

0 '-0 

/ 

/ 
/ 

. . 

French  d e g r e s  
*4 0 

0 

._ . . 

- -2 0 

W e l l  0 

o R i v e r  

J ' F  M ' A ' M ' J ' J  ' A  ' S ' O ' N ' D '  ' I :  
J F ' M ' A ' M ' J ' J  ' A  ' S ' O ' N ' D '  ' 

F i g .  2 .  In a w e l l  30 m d i s t a n t  o f  t h e  r i v e r ,  t o  a pumping o u t  of 350 m3/h t h e  
f r ench  degrees  changes from 24 t o  28 i n  t h e  w e l l ,  when it changes from 14 t o  39 
i n  t h e  r i v e r  water ( n e a r  Grenoble - I s P r e  v a l l e y  - F r a n c e ) .  




