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INTRODUCTION 

I n  t h e  p a s t  i n  t h e  f i e l d  o f  g e o h y d r o l o g i c a l  c a l c u l a t i o n s  i t  was 
i m p o r t a n t  t o  de te rmine  drawdowns i n  groundwaterheads due t o  e x t r a c t -  
i o n s .  Less  a t t e n t i o n  w a s  p a i d  t o  t h e  s t r e a m l i n e s  and t r a v e l t i m e s  of 

t h e  groundwater  on i t s  way th rough  t h e  po rous  medium. Nowadays for 
r e a s o n s  of q u a l i t y  of  groundwater  i t  i s  a l s o  v e r y  i m p o r t a n t  t o  know 
which way t h e  w a t e r p a r t i c l e s  t a k e  and what t h e  t i m e  is  t o  t r a v e l  from 

one p o i n t  t o  a n o t h e r .  

I n  o r d e r  t o  o b t a i n  t h e  flowscheme and t h e  t r a v e l t i m e s  a c a l c u l a t i o n  
method w a s  developed.  T h i s  method u s e s  t h e  a n a l y t i c a l  s o l u t i o n s  o f  
t h e  groundwaterheads f o r  groundwaterflovr towards w e l l s .  T h i s  means t h a t  
g e n e r a l l y  o n l y  homogeneous and i s o t r o p i c  porous media can be  t aken  
i n t o  accoun t .  T h i s  makes v e r y  o f t e n  a r a t h e r  rouqh s c h e m a t i s a t i o n  
n e c e s s a r y .  However; i n  many cases a v e r y  good ' impression can be  ob- 
t a i n e d  o f  t h e  s t r e a m l i n e s  and t r a v e l t i m e s  o f  t h e  groundwater i n  t h e  
a q u i f e r  . 

The method h a s  been proven t o  be  s u c c e s f u l l y  i n  t h e  c a l c u l a t i o n  of 
p r o t e c t i o n  zones around groundwaterpumping s t a t i o n s .  A l s o  it i s  pos- 

s i b l e  t o  p r e d i c t  t h e  flow of  p o l l u t e d  groundwater  i n  a q u i f e r s .  As a 
l a s t  example t h e  u s e  o f  t h e  method can be  m e n t i o n e d  i n  d e s i g n i n ?  t h e  
r e c h a r g e  and r e c o v e r y  w e l l s  i n  a two l a y e r e d  a q u i f e r  system. 

~ ~~ 

THZ VELOCITY OF GROUNDWATER I N  AQUIFERS W I T H  PLANE STEADY FLOW 
I n  t h e  c a s e  of p l a n e  s t e a d y  flow i n  an a q u i f e r  system a s  i n d i c a t e d  

i n  f i g u r e  1 t h e  formulas  f o r  t h e  drawdowns i n  t h e  upper  and lower a- 
q u i f e r  due t o  t h e  e x t r a c t i o n  Q, are ( r e f .  1) : 
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There i s  assumed t h a t  due t o  t h e  e x t r a c t i o n s  t h e r e  i s  no i n f l u e n c e  
on t h e  groundwaterhead above t h e  semi-pervious l a y e r  w i t h  t h e  resis- 
t a n c e  C1. 

+-r 

FIG. 1 

Fig.  1. Drawdowns i n  a t w o  l a y e r e d  a q u i f e r  sys t em caused  by  f u l l y  
p e n e t r a t i n g  w e l l s  

The drawdowns i n  t h e  upper  and lower a q u i f e r  due t o  t h e  e x t r a c t i o n  
Q2 a r e  ( r e f .  1) : 

where : 
s = t h e  drawdown i n  a q u i f e r  x due t o  an e x t r a c t i o n  i n  a q u i f e r  y. 

XY 
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r = d i s t a n c e  t o  t h e  e x t r a c t i o n .  
From D a r c y ' s  l a w  * 

f x =  a x  
it f o l l o w s  t h a t ,  g e n e r a l l y  

* =A. 22- 
dt "e aY 

where cp = groundwaterhead 
s = drawdown 
n = e f f e c t i v e  p o r o s i t y  e 

With t h e  p r i n c i p l e  o f  s u p e r p o s i t i o n  t h i s  r e s u l t s  i n  a set o f  e- 
q u a t i o n s  f o r  a number of w e l l s  and a n a t u r a l  groundwaterflow. 

For  t h e  upper  a q u i f e r  t h e s e  e q u a t i o n s  a r e :  

Fo r  t h e  lower a q u i f e r  t h e s e  e q u a t i o n s  are: 
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A ,  B, C and D are constants depending on the hydraulic resistances 

and the transmissivities. 

In the computerprogram FLOP these sets of simultaneous ordinary 

differential equations are solved with help of a Runge-Kutta solu- 

tion. 

As a result the streamlines and traveltimes of waterparticles in 

the aquifers are obtained. A plotting routine is in the computerpro- 

gram for drawing a map of the groundwater flowscheme. As an example 

the program FLOP has been used to calculate the streamlines and 

traveltimes in a recharge and recovery system. 

In a two layered aquifer system a recharge takes place in the lower 

aquifer and an extraction in the upper aquifer. There is a natural 

groundwaterflow as indicated in figure 2 .  The resulting streamlines 

and traveltimes are indicated in figure 3 .  

The calculation is fullfilled for a traveltime of the waterparticles 

of 720 days. Of course this results only into a small part of the 

total scheme of the streamlines, but as an example this will do. In 

the figure 3 .  the streamlines in the upper aquifer are indicated with 

the full line, while the streamlines in the lower aquifer with the 

injection well are indicated with the dashed line. 
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I SOCHRONES : 

15 days = 0 
60 days = A 
I50 days = -t 
360 days = 
720 days = 0 
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FIG.3 
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