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Abstract 

In the study a computer model is discussed for the calculation of the 

shape and position of the interface between fresh and salt water in 

semi-confined aquifers in non-steady state. The model is applicable to 

cases where the interface reaches the top and/or bottom of the aquifer. 

The study deals with the effects of a local change in the phreatic 

groundwater table (the polderlevel) on the interface and more in 

particular on: 

the shape of the interface and the velocity of its displacement near 

the bottom of the aquifer; 

the width of the area··.where seepage of saline groundwater occurs. 

Some numerical results are presented for more detailed information. 

1 Presuppositions 

To calculate the shape and position of the interface in semi-confined 

aquifers in non-steady state a computer model has been developed. 

Following presuppositions have been made: 

the semi-pervious layer is on top of the aquifer and has been 

schematized to a layer with a resistance but without thickness; 

the interface is sharp; 
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the vertical component of the flow in the aquifer may be neglected; 

the flow perpendicular to the picture can be neglected (the model is 

one-dimensional); 

the polderlevels are free water tables. The dike which separates the 

polder has no width; 

the seepage water is carried away immediately; so the polder levels 

remain constant and the polder water remains fresh. 
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Figure 1 a 

Figure 1 b 
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fresh 

Figure 1 c 

Figure 1. The thickness of the 

semi-pervious layer 

cannot be neglected 

The presupposition of a sharp inter

face results in the necessity of 

neglecting the thickness of the semi

pervious layer. This necessity will 

be explained by an example. 

Suppose the interface has at a 

certain moment the shape and 

position as in Figure 1 a, and so 

saline seepage is occuring. After a 

while the interface will move to the 

right (Figurie 1 b). The most for

ward point of the interface will be 

at top of the aquifer (A). Left from 

this point fresh water will flow into 

the semi-pervious layer. The shape of 

the interface will be as drawn in 

Figure 1 b; There is fresh water 

present under the saline water. 

When all polder levels are given the 

same level the saline water will 

move downward under the influence of 

gravity. This saline water will fall 

into the aquifer and mix with the 

fresh water (Figure 1 c), so creating 

brackish water. The condition of a 

sharp interface is not satisfied 

anymore. 

The model can only work properly in 

all situations when the thickness of 
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the semi-pervious layer is neglected. 

2 Equations 

Using the laws of Darcy, continuity and Badon-Ghijben-Herzberg a set of 

equations has been composed. The following set of equations has been 

used for modelling, in case of an interface in the aquifer (Figure 2): 

Figure 2. The variables used in the set of equations 

()hf 
(1) qf + k(z-]J) - 0 dX 
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in which 

c resistance of the semi-pervious layer [T) 

e effective porosity [ -] 
H polder level [Lj 

hf piezometric level of the fresh water [LJ 

h piezometric level of the saline water [ L j 
s 

[LT-1] k conductivity of the aquifer 

qf flow rate of the fresh water [L2T-l_] 

qs flow rate of the saline water [L2T-l] 

z height of the aquifer [L] 
)1 level of the interface [Lj 

p f density of the fresh water t L- 3M] 

ps density of the saline water [ L-
3M] 

The impervious base is reference table. 

For the two other situations (the interface coincides with the imper

vious base or with the semi-pervious layer) the set of equations was 

altered. 

For solving the set(s) of equations the finite differences method has 

been used. 

When one situation changes into another a combination of the sets of 

equations has to be used. The place where the situation is changing 

plays an important role in forming the set of equations. This place is 

determined using the quantities of fresh and saline water in an interval 

6x (Berger, 1986). 

3 Base height 

According to the calculation fresh water lenses move down very slowly 

towards the impervious base. In the considered case the lens did not, 

even after a long time, reach the bottom of the aquifer, but very small 

values of )1 were found. These small values of )1 do not correspond with 

the physical reality, because owing to diffusion and dispersion, there 

will not be any recognizable interface left. 

In order to achieve a realistic result a trick has been used. A fixed 

minimum height (base height) is maintained through which the saline 
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water can flow away. By taking into account the amount of saline water 

which has not yet flown away, i.e. the remaining storage, the moment can 

be found when the interface reaches the impervious base, that is when 

the remaining storage equals zero. 

Near the top of the aquifer this problem does not exist, because the 

last amount of fresh water can flow away through the semi-pervious 

layer. 

4 Four experiments 

The computer program has been used to calculate the changing position 

of the interface in four situations. In the following these calculations 

are called "experiments". 

Following constants have been used in all the experiments: 

c 1000 days 

k 25 m/day 

pf 1000 kg/m3 

p 1020 kg/m 3 

s 
z 50 m 

e 0,2 

4.1 Experiment 1 

In the first experiment the behaviour of the interface near the imper

vious base will be investigated. 

In a system of two polders the steady situation (polder 1: H
1 

= 70 m; 

polder 2: H
2 

= 70 m; W = 1 m) is brought to an end by changing the pol

der levels (H
1 

= 72 m; H
2 

= 68 m)(Figure 3). After the change a flow to 

the right of fresh as well as of saline gorundwater developes. In course 

of time the interface will have dropped on the left hand side and risen 

on the right hand side of the aquifer. The saline water flow rate below 

polder 2 will decrease. Below polder 1 it takes a long time before the 

interface reaches the bottom (approx. 26000 days). In the calculations 

the base height for saline water was taken 5 em. 
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Figure 3. The shape and position of the interface in the first part of 

experiment 1 

In the steady situation the fresh water will still be flowing. The 

saline water has come to a standstill. The steay situation of this as 

well as of the following experiment is verified with help of the method 

of VanDam/Sikkema (1982). 

900 m 
·I· 

900 m ·I 

Figure 4. The shape and position of the interface in the second part of 

experiment 1 

In the second part of the experiment the original polder levels are 

reestablished (H1 = H
2 

= 70 m), starting from the steady situation of 

the first part of the experiment (Figure 4). 
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In that situation the only cause of the displacement of water is the 

greater density of saline water. The tip of the tongue will move to the 

left. The velocity of the tongue is decreasing in course of time. The 

shape of the interface will become more flat. The maximum slope of the 

tongue is near the tip of the tongue. 

In the steady situation the interface will have reached its original 

position: 1 m above the impervious base. 

4.2 Experiment 2 

The second experiment investigates the behaviour of the interface near 

the semi-pervious layer. 

In a system of two polders the .aquifer is entirely filled with saline 

water, the polder levels are constant (H
1 

= H
2 

= 70 m). The steady 

situation is brought to an end by lowering H
2 

with 0,5 m (Figure 5). 

H, 

20000days f----------

SOOOOdays ~;;;;~~~~~;::::;-;:::::::-
lOOOOOdays I: 

steady situation 

I· 900 m + 900 m 

Figure 5. The shape and position of the interface in experiment 2 

Immediately after the change there will be downward seepage of fresh 

water left of the dike and saline (upward) seepage right of the dike. 

The fresh water in the aquifer, as well as the saline water, will flow 

to the right. After a while some fresh water will appear as seepage. 

From this moment on there will be fresh as well as saline seepage in the 

right polder. 
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The amount of saline water in the aquifer will decrease. This causes a 

decreasing length over which saline seepage occurs. The last saline 

seepage will be found at the end of the aquifer. 

In the steady situation the interface reaches the semi-pervious layer at 

the right end of the aquifer. There will be no more saline seepage. 

4.3 Experiment 3 

This experiment gives an example of a system of two polders where the 

interface reaches both the bottom and the top of the aquifer. 

In the system of two polders the steady situation (H
1 
~ H

2 
~ 70 m; 

~ ~ 25 m) is brought to an end by changing the polder levels (H
1 

~ 72 m, 

H
2 

~ 68 m)(Figure 6). 

H, 
H, 

5000 days 1----------
10 

10000 days l--------
~g~~g~~:l=.-.-.-.-.-.-.--=~~=---~~~~~~~-------__j 0 

1. 900 m ~· 900 m ,J 

Figure 6. The shape and position of the interface in experiment 3 

The change of the levels will cause a flow of groundwater in righthand 

direction. The interface on the right will move rapidly upward. At 

ca. 5000 days the semi-pervious layer has been reached and saline 

seepage will occur. The length of saline seepage will increase up to 

200 m, but after 10000 days the length will gradually decrease again. 

After 40000 days this length is only 18 m, and after 80000 days less 
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than 1 m. After about 52000 days the interface on the lefthand side 

reaches the bottom of the aquifer. The characteristics are the same as 

described in experiment 1. 

4.4 Experiment 4 

The model can handle more complex situations than a system of two pol

ders. This experiment is an example of such a situation. 

In a system of five polders the polder levels are all the same (70 m), 

and the interface has a horizontal position 20 m above the impervious 

base. This steady situation is ended by changing the polderlevels as 

follows: H1 = 74 m, H
2 

= 72 m, H
3 

= 70 m, H
4 

= 68 m, H
5 

= 75 m 

(Figure 7). 

Hs 

H~ 

50 
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0 days 
20 
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I· 900 m .,1. 900 m ·I 

Figure 7. The shape and position of the interface in experiment 4 

Due to the great difference in polder levels the velocity of the water 

will be relatively large. The interface will change its position 

rapidly. The interface moves downward under the polders with the high 

levels and upward under the polders with the low levels. Saline seepage 

occurs after ca. 5000 days. The maximum length of saline seepage is 

reached after ca. 8000 days. 

In this case the steady situation shows an interface consisting of two 

almost straight lines. The connection of these lines is at top of the 

aquifer. 
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5 Conclusions 

When a fresh water lens is approaching the bottom of a serni~confined 

aquifer, it will take a very long period before this bottom has been 

reached. 

When a saline water tongue is extending under the influence of 

gravity, the tongue will move slowly. The maximum slope of the inter

face is near the tip of the tongue. On the long run the shape of the 

tongue will be more and more flat. The velocity of the tongue is 

decreasing with time. 

When, owing to changing boundary conditions, saline seepage appears, 

the length over which it takes place will increase fast to a maximum, 

and thereafter decrease gradually. 
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