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NUMERICAL CALCOLATION OF THE BEHAVIOUR IN TIME OF AN INTERFACE BETWEEN 

TWO MOVING FLUIDS IN A POLDER AQUIFER 

ABSTRACT 

'TFRR1 
P. VAN DER •--

This investigation deals with an interface between fresh and salt groundwater. 

Both fluids are moving simultaneously. The upper boundary consists of semi

pervious layers with variable resistanceo A calculation method was followed that 

uses analytical complex functions with degrees of freedom. In that calculation 

methbd large steps in time are allowed. The process is calculated from an ini·~ 

tial state with a horizontal interface until a steady state is almost attained 

when a polder receives freshwater as well as salt water seepage. The calculations 

are carried out twice to show the influence of the time step size . 

INTRODUCTION 

In many coastal areas a situation may be present that is shown in fig. 1. There 

is a homogenous isotropic sand layer of rather great thickness . At some depth 

there is a layer of very coarse material (gravel or shells). The supply of salt 

groundwater through that layer is very possible ~ Therefore at that depth a hori

zontal equipotential line may be assumed. The upper boundary of the flow region 

consists of semi-pervious layerso Locally these layers have a smaller thickness. 

In the initial state there is a constant groundwater head above these semi-pervious 

layers and there is a horizontal interface between the fresh and the salt ground-· 

water in the sand layer. There is a hydrostatic equilibrium in the aquifer. 

At some moment the groundwater head above the semi--pervious layers with smallest 

thickness is lm1ered, for example due to a land reclamation. The cons~quence of 

that operation is a disturbance of the hydrostatic equilibrium in the aquifer. An 

upward motion of the interface starts and this will continue until a new equili

brium i~ arrivedo During the non-steady process there is a simultaneous flow of 

fresh and salt groundwater. 

-----------------·------ -------------~-------------------------
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When the lowering of the groundwater head in the polder is great enough, in the 

ultimate state the interface has reached the polder and then also in that steady 

state there is a simultaneous flow of fresh and salt groundwater. That case is 

investigated here . In the ultimate state the polder receives a fresh as well as 

a salt groundwater seepage . 

CALCULATION METHOD 

The calculation method that was used is a general calculation method for two

dimensional groundwater flow that uses analytical complex functions with de

grees of freedom (see Vander Veer (1976 ). The method is convenient for two

dimensional groundwater flow problems that may vary from very simple up to the 

non-steady simultaneous flow of various fluids in inhomogenious anisotropic 

arbitrary shaped regions that may include sources and sinks in its interior " 

For the present problem it is relevant to mention that in this method the flow 

region i s subdivided into sunregions that all have constant properties of soil 

and fluid . For any subregion the general solution is given by complex function 

with degrees of freedom" These degrees of freedom are used to make the solution 

satisfy the boundary conditions at a number of points of the boundary of a 

subregion . In this way also the subregions are coupled at a number of points 

of the separation line between the subregions. 

For each subregion the general solution is given by the following formula for 

the complex potential n. (Q= q; +i."\\r) : .Q. (z)= ..Q2. ('Z') + n-~ (-z) +9-o 

The complex constant Jl.0 is a reference constant " The function Q1(7) generates the 

flow due to sources and sinks. It has the following wel~known form: 

The function ~2(~is an approximative function , defined such that at a number of 

points (z = x + iy) c The solution Q(2) satisfies the boundary conditions. The 

function ~~)is the complex potential due to a distribution of sinks, sources 

and vortices <'ij) over line segments (z1i, Z~.J) of the boundary . It is given by: 

S1. 2 (z) = ~ -:~J·l ( z--z2J) k[ cJ£7.- z2J·~- (z_ztiJL [ CJ (z _-z11JJ J 
where : C

._ \'Z?,j-Z4jl 
J - (z2j - Z1J) 
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At a number of points of the boundaries of the subregions two conditions are 

posed. The first one defines the properties of the boundary; the second one 

defines that the first one does not charrge along the boundary at that point. 

For example for vertical stream line the first condition is: 

()V...,o 
o'i 

and the second condition: 

-;l:.ifr :0 

)~2 

For an interface between two moving fluids the condition hold that the pressure 

at both sides should be equal: 

where ¢ and ¢c denote the groundwaterhead at both sides of the interface; f 
and fc. are the densities of the two fluids; y is the height. 

The second condition for an interface is given by: 

C)c/J -· _(f-f,) ()~ + ~ atPt:. 
-ae r ~ r J.£ 

Where defines the local direction of the boundary. 
In addition for the interface continuity conditions hold (the amount of water 

leaving one subregion enters the other subregion) 

This is expressed by: 

The condition that defines that this expression remains valid in a small neigh

bourhoud of the point where it is posed, is given by: 

lh a similar way for points on a horizontal boundary with a constant ground

waterhead the conditions are given by: 

¢ = constant = ¢1 

and: 
7JtP 
-:::0 -ox 
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If there is a semi-pervious layer with resistance C between the flow region 

and the line of constant head these expressions are: 

and: 

¢ + cs :EJk = rP1 ox 
or/J + c o1.1f = o 
();( :s '21 xz. 

FLOW UNDER THE POLDER 

In fig. 1 the basic data of the problem are given. The thickness of the sand 

layer is 400 m. Its coefficient of permeability is 10m/day and its effective 

porosity is 0.2. The initial position of the interface is at 200 mo depth and 

the initial groundwater head above the semi-pervious layers is + 4 mo above 

the salt groundwater head at 400 m" The density of the salt water is 1.0 2; 

the fresh water density is 1.0. The resistance of the semi-pervious layers 

is 100 days; at the polder it is 20 days. The lowering of the groundwater 

head that is brought about is from + 4 m. to - 1 m. with respect to the salt 

groundwater head at 400 m. depth. 

From this data it is seen that a rather extreme situation. is present. The re

sistance of the semi-pervious layers is relative small and the lowering of 

the groundwater head at the polder is rather great " As a consequence there 

will be a rather sharp raise of the interface and the steady state will be ar

rived in a small number of years . 

In the calculation only half the flow region was used because the problem is 

symmetrical. The results are shown in fig. 2. It is seen that already after 

2.5 to 3 years the salt water reaches the polder and after 3 . 5 to 4 years the 

steady state is practically arrived . 

To investigate the influence of the size of the step in time the problem was 

calculated twice, where the time step size was respectively 0.4 and 0.2 year . 

In fig. 3 a comparison is given for the top of the interface and for a point 

at 100 m from the top that does not reach the polder level. From the figure 

it is seen that there are differences. However the differences are not very 

large. So the choice of a time step size of 0.4 year may give rather accep

table results for this problem. For that time step size the polder receives 

salt water seepage after 2.7 year instead of 2.9 year for the calculation 

with a time step size of 0 . 2 year. So in a small number of steps in time the 

problem cap. be calculated . For calculating the complex potential at any moment 

in both subregions (fresh water subregion . and salt water subregion) the boun .... 

dary conditions were posed at 24 points of the boundary; 
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therefore 100 lineair equations had to be solved. In this method an exact so

lution is obtained for any non-steady flow pattern with in an approximative 

boundary because the solution is made to satisfy the boundary conditions at 

a number of points of the boundary and within that boundary the flow i s 

described by analytical functions. 

CONCLUSIONS 

(1) In a polder aquifer a salt water seepage may be brought about within a 

very small number of years when the groundwater head is lowered for some 

meters above semi pervious layers with a small resistance. 

(2) In the followed numerical calculation method relative large steps in time 

may be used . 
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