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A SIMPLE BUT EFFECTIVE METHOD TO D E T E R M I N E  GROUND-WATER FLOW VELfXfTIES 

NEAR PUMPING WELLS 

W. KANZ 

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

INTRODUCTION 

The q u a l i t y  of  g r o u n d - w a t e r  i n  pumping w e l l s  c a n  o n l y  be g u a r a n t e e d  

if f l o w  c o n d i t i o n s  n e a r  t h e  pumping  s t a t i o n  a r e  w e l l  known. Both t h e  

d i r e c t i o n  and  v e l o c i t y  of g r o u n d - w a t e r  f l o w  a re  b e s t  i n v e s t i g a t e d  by 

t r a c e r  e x p e r i m e n t s .  F o r  g o o d  r e s u l t s ,  r e p e t e t i v e  t r a c i n g  ( u s i n g  t h e  same 

t r a c e r  m a t e r i a l )  o r  t h e  combined  t r a c e r  method ( u s i n g  more  t h a n  o n e  

t r a c e r )  h a v e  t o  b e  u s e d ,  f o l l o w e d  by f u l l y  q u a n t i f i e d  s a m p l e  a n a l y s e s .  

T h e s e  p r o c e d u r e s  a s  employed  u p  t o  now, a r e  b o t h  t i m e  consuming and 

e x p e n s i v e  a n d  t h u s  h a v e  n o t  been  u s e d  s y s t e m a t i c a l l y  i n  e v e r y d a y  r o u t i n e .  

The m e t h o d  p r e s e n t e d  i n  t h i s  p a p e r  h a s  t h e  c o n s i d e r a b l e  a d v a n t a g e  o f  

b e i n g  e f f e c t i v e  a n d  e c o n o m i c a l  b o t h  on t i m e  and l a b o u r  a s  w e l l  a s  o n  t h e  

q u a n t i t y  o f  t r a c e r s  u s e d :  t h e r e  i s  o n l y  one  a p p l i c a t i o n  of  t r a c i n g  m a t -  
e r i a l  (combined  t r a c i n g ,  w i t h  c o m p a r a t i v e l y  s m a l l  q u a n t i t i e s )  . 

METHOD 

Two b o r e h o l e s  p r o j e c t e d  f o r  t h e  i n p u t  of t r a c e r  m a t e r i a l  s h o u l d  be  

l o c a t e d  on o n e  a n d  t h e  same s u p p o s e d  l i n e  of g r o u n d - w a t e r  f l o w  b u t  i n  

d i f f e r e n t  d i s t a n c e s  t o  t h e  pumping w e l l  a imed a t .  A t  a g i v e n  t i m e ,  a 

d i f f e r e n t  f l u o r e s c e n t  t r a c e r  i n  w a t e r y  s o l u t i o n  i s  washed i n t o  e a c h  o f  

t h e s e  b o r i n g s .  

The  t r a c e r s  u s e d  s h o u l d  b e  s u c h  t h a t  t h e y  d o  n o t  i n t e r f e r e  w i t h  one 

a n o t h e r  d u r i n g  q u a n t i t a t i v e  a n a l y s i s .  

The q u a n t i t y  of t r a c i n g  m a t e r i a l  s h o u l d  b e  so s m a l l  as  n o t  t o  p r o d u c e  

a v i s i b l e  e f f e c t  on  t h e  pumpage,  s i n c e  e . g .  w i t h  w a t e r w o r k s  s a m p l i n g  w i l l  
a s  a r u l e  t a k e  p l a c e  d u r i n g  n o r m a l  pumping h o u r s .  On t h e  o t h e r  h a n d ,  t h e  

amount  of t r a c e r s  u s e d  s h o u l d  a l l o w  f o r  s a f e  q u a n t i t a t i v e  s a m p l e  a n a l y s -  

i s .  Both f a c t o r s  s h o u l d  be e v a l u a t e d  on p r a c t i c a l  e x p e r i e n c e  i n  h a n d l i n g  

f l u o r e s c e n t  t r ace r s .  I n  m o s t  c a ses ,  t h e  amount  a p p l i e d  p e r  i n p u t  h o l e  

w i l l  n o t  e x c e e d  some 100 9. However, t h e  m e t h o d s  m e n t i o n e d  i n  l i t e r a t u r e  



704 

o n  how t o  c a n p u t e  t h e  e x a c t  q u a n t i t y  of t r ace r  m a t e r i a l  n e e d e d  w i l l  

r a r e l y  g i v e  s a t i s f a c t o r y  r e s u l t s .  

With f l u o r e s c e n t  - t r ace r s ,  t h e r e  is n o  h e a l t h  r i s k  i n v o l v e d .  I n  

a n g i o g r a p h y ,  f o r  i n s t a n c e ,  i n t r a v e n o u s  i n j e c t i o n s  of 1 0  m l  f l u o r e s c e i n e  

s o l u t i o n  (10%) a r e  u s e d  - i . e .  1 g p u r e  f l u o r e s c e i n e  p e r  p a t i e n t .  The 

t r a c e r s  i n  t h e  wa te r  m a i n ,  h o w e v e r ,  w i l l  b e  d i l u t e d  by  a t  l e a s t  some 
m i l l i o n  l i t e r s  of w a t e r .  

\ I  / . 

- 
100 m - ’.” 157,50 

F i g .  1 .  A p p l i c a t i o n  of  t h e  m e t h o d  p r e s e n t e d  t o  a pumping w e l l  g a l l e r y .  
G r o u n d - w a t e r  c o n t o u r  l i n e s  i n  m e t e r s  a b o v e  a v e r a g e  s e a  l e v e l .  Bold  
p o i n t  = pumping w e l l ;  s m a l l  p o i n t  = s t a n d p i p e ;  b l a c k  s t a r  = t r a c e r  i n p u t  
p i p e ;  w h i t e  s t a r  = t r a c e r  i n f l u e n c e d  w e l l .  

B o t h  t racer  c l o u d s  w i l l  now b e  e x t e n d e d  by  h y d r a u l i c  d i s p e r s i o n  and 

f l o w  t o w a r d s  t h e  pumping w e l l .  Here s a m p l e s  would be  t a k e n  a t  r e g u l a r  

i n t e r v a l s  i n  o r d e r  t o  d e t e r m i n e  t h e  e x a c t  v e l o c i t y  of  g r o u n d - w a t e r .  

However ,  p r a c t i c a l  e x p e r i m e n t s  h a v e  shown t h a t  it is as  e f f e c t i v e  t o  use  

t h e  much more c o n v e n i e n t  and  e c o n o m i c a l  m e t h o d  of s a m p l i n g  d i r e c t l y  o f f  

t h e  w a t e r w o r k  t a p  ( e . g .  by t h e  w a t e r w o r k  p e r s o n n e l ) .  Wi th  t h i s  method 

t h e  s g m e  r e s u l t s  w i l l  b e  o b t a i n e d  a s  w i t h  t h e  c o n v e n t i o n a l  way o f  w e l l  

s a m p l i n g  s i n c e  (a)  t h e  t i m e  d i f f e r e n c e s  b e t w e e n  t h e  v a r i o u s  s t a g e s  i n  

t r a c e r  c o n c e n t r a t i o n  a r e  p r e s e r v e d ;  (b) c o m p a r e d  o v e r  a g a i n s t  g r o u n d -  

- w a t e r  v e l o c i t y  t h e  f l o w  time i n  t h e  pipes  s y s t e m  b e t w e e n  pumping  

w e l l ( s )  a n d  w a t e r w o r k  i s  v e r y  s h o r t  a n d  t h u s  c a n  o f t e n  b e  n e g l e c t e d ;  

(c) i f  n e c e s s a r y ,  t h e  f l o w  t i m e  of t h i s  w a t e r  may e a s i l y  be  c a l c u l a t e d  

f r o m  t h e  pumping r a t e  a n d  t h e  diameter  a n d  l e n g t h  of p i p i n g .  
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F i g .  2 .  C r o s s  s e c t i o n  ( h e i g h t s  n o t  i n  s c a l e )  of f i g .  1.  The i m p e r m e a b l e  
b a s e  of t h e  v a l l e y  f i l l  r i s e s  t o  t h e  l e f t ,  w a l l i n g  o f f  t h e  a q u i f e r .  

F i g .  1 and 2 show t h e  u s e  of  t h i s  method a t  a w e l l  g a l l e r y .  Here ,  i f  

p o s s i b l e ,  t h e  2 i n p u t  b o r e h o l e s  s h o u l d  b e  l o c a t e d  on  a s t r a i g h t ,  r a d i a l  

f l o w l i n e .  N o r m a l l y ,  o n l y  o n e  o r  two of  t h e  w e l l s  w i l l  b e  i n f l u e n c e d  b y  

t h e  t r a c i n g .  I n  s p i t e  of t h i s ,  pumping  r o u t i n e  may g o  on  as u s u a l ,  and  

t h e  s a m p l e s  may be  t a k e n  a t  t h e  w a t e r w o r k  a s  d e s c r i b e d  - u n d e r  t h e  

c o n d i t i o n  t h a t  t h e  r a t i o s  of t h e  pumpages o f  t h e  d i f f e r e n t  w e l l s  b e  n o t  

c h a n g e d  d u r i n g  t h e  t r a c i n g  e x p e r i m e n t .  

I t  is i m p o r t a n t  t h a t  b l i n d  s a m p l e s  b e  t a k e n  b e f o r e  s t a r t i n g  t he  e x -  

p e r i m e n t .  I n  c a s e s  where  r i v e r  i n f i l t r a t i o n  i s  e n v o l v e d ,  s a m p l i n g  a t  

s e t  i n t e r v a l s  s h o u l d  b e g i n  a l r e a d y  some weeks b e f o r e  t h e  t r a c i n g  b e c a u s e  

b a c k g r o u n d  f l u o r e s c e n c e  i n  r i v e r s  may v a r y  c o n s i d e r a b l y .  

The  t y p e s  of b o t t l e s  t o  b e  u s e d  f o r  s a m p l i n g  s h o u l d  b e  s e t t l e d  w i t h  

t h e  a n a l y s i n g  l a b o r a t o r y  ( f l u o r e s c e n t  t r a c e r s  a r e  s e n s i t i v e  t o  l i g h t ) .  

The  s a m p l e s  a r e  a n a l y s e d  by  m e a n s  o f  a f l u o r e s c e n c e  s p e c t r o m e t e r  a s  

a v a i l a b l e  a t  m o s t  w a t e r  r e s e a r c h  i n s t i t u t e s .  

INTERPRETAT I O N  

Time c o n c e n t r a t i o n  d i a g r a m s  of t r ace r  a n a l y s e s  w i l l  i n  m o s t  c a s e s  b e  

of t h e  t y p e  shown i n  f i g .  2.  The p e a k s  s e r v e  as t e m p o r a l  p o i n t s  of  r e -  

f e r e n c e  t o  t h e  i n t e r p r e t a t i o n  which  i s  b a s e d  on  t h e  a v e r a g e  l i n e a r  

g r o u n d - w a t e r  v e l o c i t y ,  i . e .  on  t h e  v e l o c i t y  of  g r o u n d - w a t e r  f l o w  a s  

c a r r i e d  b y  t h e  g r e a t e s t  number of t r a c e r  p a r t i c l e s .  

I n  some c o u n t r i e s ,  a 5 0 - d a y s - l i n e  ( f l o w  t i m e  f r m  b o u n d a r y  t o  w e l l )  

s e r v e s  t o  e s t a b l i s h  t h e  p r o t e c t i o n  a r e a  a r o u n d  pumping w e l l s  u s e d  f o r  

t h e  g a i n i n g  of d r i n k i n g  w a t e r .  A g r a p h i c a l  means  t o  d e f i n e  t h i s  a r e a  i s  

shown i n  f i g .  3 ( b a s e d  on t h e  d a t a  of t h e  t r a c i n g  e x p e r i m e n t )  : 
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time 

F i g .  3 .  G r a p h i c a l  c o n s t r u c t i o n  of f l o w - t i m e  - d i s t a n c e  d i a g r a m  and 
50-days  -1 i n e .  

d i s t a n c e  i n t e r p o l a t e d  r e l a t i v e  t o  f l o w  time. 

F o r  some p r o b l e m s  l i k e  t h a t  o f  h a z a r d o u s  p o l l u t a n t s ,  n o t  t h e  a v e r a g e  

b u t  t h e  maximum l i n e a r  g r o u n d - w a t e r  v e l o c i t y  ( i . e .  f l o w  time til'l f i r s t  

a p p e a r a n c e  of t r a c e r  p a r t i c l e s )  s h o u l d  b e  c o n s i d e r e d .  

SUMMARY 

The p a p e r  p r e s e n t s  a method t o  d e t e r m i n e  f l o w  v e l o c i t i e s  a t  d i f f e r -  

e n t  p o i n t s  a l o n g  o n e  g r o u n d - w a t e r  f l o w  l i n e  by  m e a n s  of t r a c i n g  w i t h  

d i f f e r e n t  f l u o r e s c e n t  m a t e r i a l s .  

So f a r ,  some i n v e s t i g a t i o n s  of g r o u n d - w a t e r  p r o b l e m s  would o n l y  have  

b e e n  h a n d l e d  by a p p r o x i m a t i v e  m e t h o d s  s i n c e  m o r e  e x a c t  a n a l y s e s  were 

t o o  e x p e n s i v e  and t i m e  c o n s u m i n g .  - Some o f  t h e  p r o b l e m s  w h i c h  c a n  now 

b e  h a n d l e d  q u i t e  s i m p l y  and e f f e c t i v e l y  a r e :  maximum and a v e r a g e  f l o w  

t ime of s e e p a g e  w a t e r ,  e v i d e n c e  of  g r o u n d - w a t e r  c o n t a m i n a t i o n  f r o m  d i f  - 
f u s e  and l o c a l  p o l l u t i n g  s o u r c e s ,  d e f i n i t i o n  of g r o u n d - w a t e r  p r o t e c t i o n  

a r e a s ,  and i n v e s t i g a t i o n  of g r o u n d - w a t e r  c o n d i t i o n s  f o r  g e o l o g i c a l  

e n g i n e e r i n g  p u r p o s e s  (e .g .  d e w a t e r  i n g )  . 
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