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SUMMARY AND CONCLUSIONS 

In earlier papers models for ground- and surface-water 
modelling using a commercially available, $500 general purpose 
spreadsheet program on a PC, such as Multiplan, Quattro, 
Supercalc, Excel or Lotus 1-2-3 have been presented (Ols
thoorn, 1985, 1987, 1988, 1990). This paper deals with 
spreadsheet models for simultaneous fresh-saline groundwater
flow in vertical cross sections, for stationary and non-sta
tionary cases. 

The results are compared with published examples solved by 
more sophisticated models. The spreadsheet method proves accu
rate even though the Dupuit-approximation is applied. The two 
interactive models developed in this paper are compact, as 
they consist of only about 40 spreadsheet lines. 

1 INTRODUCTION 

In this paper we limit ourselves to a sharp fresh-salt 
water interface in cross sections. Although vertical flow com
ponents are neglected (Dupuit assumption) the examples are in 
close agreement with published examples computed with more ad
vanced models. 

Situations with varying density and no sharp interface can 
be modelled in a spreadsheet as well, for instance using the 
flow function (Olsthoorn, 1990). 

The derivation of the equations for the simultaneous, 
non-stationary flow of fresh and saline water, only considers 
displacement of the fresh-saline water interface, thus ne
glecting storage due (de)compression and changes in pore-mois
ture contents. 

Groundwater head has no meaning if the groundwater density 
varies in space. Pressures should then be used. Due to the 
sharp interface considered in this paper, we have a fixed den
sity, p 1 [MC 3

], above the interface and another fixed density, 
Ps, below it. Hence a fresh-groundwater head, $1 [L], above and 
another, saline-groundwater head, $s [L], below the interface 
can be used, as is done throughout this paper. 
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2 BUILDING THE MODEL 

2.1 Interface position 

The Dupuit assumption implies hydrostatic groundwater pres
sure conditions. The pressure p [ F L -z J at a depth z 1 [ L] in the 
fresh part of the aquifer then equals p(z 1 )=p 1 y(• 1 -z 1 ) and 
that of the saline part of the aquifer is p(zs)=Ps9C·s-zs), 
where u the strength of the gravity field [F M- 1 

]. 

Continuity of the pressure at the interface at elevation I 
(condition of Baden-Ghyben and Herzberg), yields 

From this the elevation of the interface follows: 

f=·sPs-.fpf 

P s- PI 

(1) 

( 2) 

This equation is only based hydrostatic conditions and 
hence is valid for both the stationary and the non-stationary 
case. 

In the model the interface is numerically constrained to 
the aquifer: 

f,=min(ztop ,-c,max(zbot 1 +E,!:_:. _Pi.!.)) . . op s,, op ·' 

where E is an arbit~ary small distance, introduced for 
numerical reasons only. 

2.2 Spatial discretization 

( 3) 

The cross section to be modelled is discretized by splitt
ing the x-axis into distinct parts, called segments or el
ements, each with its own length ~. Between these segments 
are nodes at which the heads and the elevation of the inter
face are calculated. 

For the purpose of formulating the model in the 
spreadsheet, we don't need differential equations but write 
down water balance equations for an arbitrary node of the 
model. 

This arbitrary node may be denoted by its index i. This 
index can intuitively be read as the index of the column of 
cells in the spreadsheet in which we put the values and for
mulas belonging to this node alone. The node to the right thus 
obtains index j and the one to the left index h. A double 
index, as in ~'C h. 1 indicates that the parameter does not refer 
to a node but to the x-axis segment between the nodes indi
cated by the indices i and j. So /';)C h, 1 means the distance be-
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tween nodes h and i. The extra index fin some of the para
meters refers to fresh water and the extra index s to saline 
water. 

The water balance for node i in the fresh and saline part 
of the aquifer can be written as: 

of 
CJ f,j,i +q f,h,i + Q f,i ~ -SL 1 -;;t 

of 
CJ. +q h +Q ~+SL-

s, 1' l s, 't s' t l 0/ 

( 4) 

(5) 

respectively, in which q 1 ,i,i [L 2 L- 1
] is the fresh water flow 

from node j towards node i, q 1. h. 1 the fresh water flow from 

node h to node i, Q1 , 1 [L 2 t- 1
] the direct fresh water flow into 

node i and S L 1(ol I ot) [ L 2 l- 1
] the storage due to a rise of the 

interface during the time step (negative for the fresh water 
part and positive for the saline water part of the aquifer). S 
[-]is the aquifer porosity and L [Ll the effective width of 
node i, 0.5· (fl.x·h, 1+fl..x· 1.i). The flow terms in the saline part of 

the aquifer carry the index s instead of f. 
The lateral flows between two adjacent nodes i and j, for 

the fresh and saline part of the aquifer respectively, become: 

( 6) 

(7) 

Where k 1 [ Lt- 1
] and k s are the hydraulic permeabili ties in the 

fresh and saline part of the aquifer. Note that it follows 
from Darcy's law that ks1Ps~k 1 !p 1 • So, due to the density 
difference, ks may be a little greater than k 1 , a difference 
negligible in practice, but easily taken into account in a 
spreadsheet. Further, D 1 , 1.i [L] and Ds.i,i are the thicknesses 
available for the flow of fresh and saline water respectively. 
These thicknesses are calculated from a dynamically changing 
interface elevation: 

( 8) 

D s, 1 = 1 i - z bot . t (9) 

in which z top [ L] and z bot are the elevations of the top and 
bottom of the aquifer respectively. 

345 
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The average thickness available for these flows at the seg
ment between nodes i and j becomes: 

D 1 , 1.i=(D 1 , 1+D 1.i)/2 (10) 

The water balance for an arbitrary node i, in terms of the 
heads ~ 1 and ~snow becomes 

of 
a .. (" .-" .)+a "·(" "-" .)+Q .=+8-s,t,j 'fs,J '+'s,t s, .1 't's, 'fs,t s,t Ot 

The coefficient a [Lt- 1
] equals: 

a ;.<.i = (k 1.1. iD l.<.i)/ 1\>::,,i 

(12) 

(13) 

(14) 

(15) 

Note that all flows towards a node are taken positive, so 
that a positive flow results into a positive change of the 
heads. The Q denotes the amount of water that directly enters 
the node from the outside world. If needed this injected flow, 
Q, can be expanded into separate components for injected flow, 
precipitation-surplus and leakage flow through a covering 
layer: 

Q I = Q f, injection+ N i + Y (~polder, i- ~ 1, i) (16) 

In which: N 1 =(nh,J',x,., 1+n 1,/
1Jc 1.i)/2 the volumetric flow by 

precipitation surplus and y 1 , 1 = (!'.x "· J ch, 1 + 6x 1, ilc 1, i )12. Here n 

[Lt- 1
] is precipitation surplus and c [t- 1

] is the hydraulic 
resistance of the covering aquitard. 

The precipitation surplus and the leakage flow are mutually 
exclusive, so that in practice either N or y or both are zero. 

2.3 Time discretization 

To discretize time, we assume a constant speed of the in
terface during each timestep 61. So if 8 is a number such that 
0 :':: 8 :':: l the interface at t- + 8/'IJ is given by 

(17) 
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in which 1• and J- [LJ are the interface elevations at the 

end and start of the timestep (I• and 1•) respectively. 

Hence the storage term of the water balance equations can 
be discretized as 

of s _ 
s-=-(1-I ) ot e& 

(18) 

We intend to choose 8 to represent a timepoint during the 
timestep at which the flows are good averages of the situation 
during the entire timestep. We will calculate the heads 
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(equations 25 and 26) for t- + 8 fl. t using the heads and interface 

position at the start of the timestep, t-. Then after solving 

the model for t-+8L'.t, we calculate the heads and interface 

elevation at the end of the timestep, t+ = t- + 1\t, using 
equations (27) and (28). 

We need to choose a value for 8. A practical solution is to 
choose 8=2/3, as was done in this paper. This guarantees both 
accurate results and a stable calculation process, even in the 
case where large time-steps are used. 

2.4 Nodal head equations 

We have to deal with three equations at each node of the 
model: 

1. an equation for the fresh-water head 
2. an equation for the salt-water head 
3. an equation for the position of the fresh-saline water 
interface, connecting the two heads. 

To speed up convergence of the interface in the non-sta
tionary case we replace the interface elevation 1-I- in equa
tion (18) by 

I-r=(~¢,-~¢,)-(~¢~-~¢1) 
(19) 

so, 

(20) 

The water balance for an arbitrary node i for the 
representative time-point, t = t- + 9L'.t, within the time-step now 
becomes: 

a;.h,,(<l>;,h- <I>;,,)+ a ;,,,J(<I> f,J- <I>;,,)+ b ;,,C<I>j,,- <I>;,)- b,,,(<l>~ .• - <!>,,,)+ Q ;,t = 0 ( 21) 

a,,.,,C<I>,,.- <!>,,,)+a S,/,J(<I>,,j -<!>,,,)+ b ,,,c<P;,,- <!>,,,)- b f,,(<l> ;,,- <!>;,,)+ Q s,l = 0 ( 22) 
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Equations 3 is applied to continuously adjust the position 
of the interface between head iterations. 

The coefficients b equal: 

b .-(Sf,h,<Pt!\. s, .. 1.JP1 '·· );0 - --- \ +---L\X·. ,_ 
1.1 ON L\,p h.I O!\l !'lp. 1, 1 

b . -(Ss,h,IPs A. s,,;,JP.s ·\_· )/2 - ---n\ +---,X · 
S, I 0/1.1 L\,p. h. I OLIJ 1\p. I, I 

(23) 

(24) 

By making the head in node i explicit, we obtain equations 
to calculate the head in an arbitrary node i from the 
neighbouring nodes, the one in the current node but at the 
beginning of the time step and the one in the other part of 
the aquifer (either the fresh or the saline part): 

Cl I h . "I h + a f . "I + b I . "-, - b . ("- '- " . ) + Q I . ~ .= , ,!'t', ,l,J'f' ,) ,l't' ,I S,! 't's,L 'f's,t ,l 

1,1 Cll,h,i+a,,,,J+bl.< 

(25) 

a h ·" h+a · ·" .+b ·"- .-b 1 ·("-, .-" 1 .)+Q . ~ . = S, ,l'i'S, S,l,}'t'S,J S,t't'S,l ,t 't' ,! 'f' ,! S,l 

s,t Cls,h,i+Cls,i,j+bs,i 

(26) 

Using these equations and starting from the time t=t- we 
calculate the situation at time t=t-+0/l.t. The situation at the 
end of the time-step now follows from that at the current 
intermediate time and that at the beginning of the time step: 

<P;=<i>/+(<jll-<1>/)10 (27) 

(28) 

The stationary situation is only a special case. It is the 
situation where the right-hand sides of the original equations 
4 and 5 and so of those for the derived coefficients b (eq. 23 
and 24) become zero. Equations 27 and 28 disappear completely, 
leaving equations 25 and 26, but without coefficients b. 

3 IMPLEMENTATION 

The model is implemented by typing the formulas for the 
parameters, heads and the interface in a column of the 
spreadsheet. Then this column is copied to as many adjacent 
columns as there are nodes wanted in the model. 

Table 1 gives the formulas used in column i of the non-sta
tionary spreadsheet model. These formulas reference 
spreadsheet cells with the various parameters located else
where in the same or adjacent spreadsheet column. Some for
mulas reference the global values for the water density p 1 , Psr 

0 and !\I. 
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Constant-head conditions are realized by overtyping the 
formulas in the cells concerned, mostly those at the ends of 
the spreadsheet model-row. 

A closed, impermeable boundary is obtained by setting the 
coefficients u 1 and us equal to zero at the appropriate end 
(last or first column) of the model. 

Given flows are realized by typing the wanted values for Q1 

and Q, into the cells in which you want them to operate. 

The spreadsheet further contains single cells with the nu
meric values for p 1 , Ps, L~, S, and 0 as well as a column with 
values for the individual time-steps DJ. 

In the spreadsheet for the stationary situation the rows 
bf, bs, ${. $j. $;. $;. r. en rare missing, of course, as 
are 0 S and fl./. 

The nodal equations (25, 26 and 3) are solved iteratively 
by having the spreadsheet recalculate its cells over and over 
again. This way we obtain a continuous updating of the heads 
in all nodes, the interface elevation, the interface dependent 
thicknesses of the fresh and saline part of the aquifer and 
the depending flow coefficients. This recalculation is con
tinued until the position of the interface has become stable. 
By watching the values of the interface during these calcula
tions it becomes visually clear when the final situation has 
been approached near enough to stop the iteration process. No 
sophisticated stopping criteria are needed, but can easily be 
implemented. 

To obtain a more efficient iteration scheme, one uses the 
macro language of the spreadsheet, to update the heads more 
frequently than the interface and its dependent parameters. A 
macro of only 4 lines, that iterates the head cells say 25 
times and than recalculates the entire spreadsheet once, while 
repeating this scheme for example 10 times will suffice. 

In the non-stationary case the heads obtained for t•=t-+6t 

are copied into the spreadsheet cells with the values for t- in 
order to start the next timestep. To do this an extra line is 
added to the macro. 

The graphical capabilities of the spreadsheet are used to 
immediately present the results. These graphs have been im
ported into a drawing program (Lotus Freelance) and were en
hanced for presentation of the results in this paper. 
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4 STATIONARY EXAMPLES 

4.1 Dune section 

0 2 km --> 4 6 

A 
I 
I 

I 
~ 
0 

" -I r 
-2 
-3 

c=2000d 
A 
I -20 
I 

I -50 

" 
" ~ -g ~100 
c 
0 

~ ~ 140 1Jrh~o-~sl!l~1l!'o~2~5kj~/l!lln1l!_m __ l!l_l!l_1l! __ ~-l!l--l!l-l!l-mmmiljs~ajliiniEJ~ 
w ~ 
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I 2.5 
I 
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~ 1.5 

s 0.5 
~ 
~ ·~0.5 
~ -1 

3} -~~ +----~-~p--'o~s:..:.iti~ve--"'-fl-"o--'-w~d_ir_e_c_tio_n_-_-_>_~ 
0 2 4 6 

km --> 

Fig .1 Schematic cross section through the dunes north of The 
Hague, according to Grakist-, 1983. a: Fixed phreatic 
heads and calculated heads. Heads at the seaward side 
and Phi_s at the landward side (east) are fixed. b: 
Cross section with calculated interface position with
out abstraction (dotted line) and with abstraction. 
Replenishment takes place via semi-permeable covering 
layer. c: Calculated fluxes of the fresh and the sa
line groundwater. q_fresh at the eastern end is fixed 
to 0.5m2jd. 

Fig. 1 is a cross section relevant for the dune area near 
The Hague, Netherlands (Grakist, 1983). The recharge of the 
aquifer is driven by the given phreatic head and the resis
tances of the aquitard on top. The heads of the fresh and the 
saline water have been calculated by the spreadsheet model. At 
the west-side the heads of the fresh and the saline water are 
fixed at 0 and -0.5 m respectively. At the eastern side the 
saline-water head has been fixed at -3 m. The flow of fresh 
water at the eastern end of the model has been fixed at 0.5 
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m2/d (eastward direction). Because of these boundary condi
tions the head of the fresh water at the eastern side of the 
model will vary and so does the position of the interface 
(fig. 1b). 

Fig. 1b shows two interfaces. The dotted line has been 
calculated for the situation without the withdrawal of 3.5 
m2/d indicated in the picture. Because of the small hydraulic 
resistance of the covering layer at the west side of the model 
the replenishment of the fresh water reaches its maximum value 
at x = 1.5 km (note the gradient of the curve in fig. 1c). 

It is obvious that the shape of the fresh-water pocket 
below this particular dune area is dictated by the distribu
tion of its replenishment. This replenishment is determined by 
the combination of the resistance of the covering layer and 
the available head difference. 

The drawn line in fig. 1b gives the position of the inter
face for the situation with a withdrawal of 3.5 m2jd. All 
curves in fig. 1, except the dotted interface, refer to this 
equilibrium situation. Of course, it would be possible to ab
stract larger fresh-water flows, but only for short-term 
periods. 

4.2 Stationary polder 

Fig. 2 shows a typical Dutch polder section. The chosen 
example has been taken from Pereboom, 1980. 

The example deals with an aquifer, closed at its bottom, 
containing fresh and saline groundwater (see data in fig. 2). 
The covering clay layer has a resistance of 5000 d. The 
polders all have there own water level imposing a head at the 
top of the covering layer. The heads at the west and the east 
side of the cross section are fixed. Thus the interface at 
these ends is fixed as well. 

Only the polder-water level h2 varies (between +2 to -7m) 
in the three calculations presented in fig. 2. Fig. 2a gives 
the equilibrium interface for these model runs. Fig. 2b shows 
the accompanying fluxes. our spreadsheet results prove indis
tinguishable from those given by Pereboom, 1980. 
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h1 112 h3 h4 
+4m +2 to -7m +2m +5m 

-20~-~~~ 
c~5000d 

1\ 
I -100 
I 

I 
c 
0 

'.>' 

~ -200 
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0.5 

k~20m/d 

rho_f~IOOOkg/i'n 

rho~ s= 1 OOOkg/hl 

km --> 

q fresh 
--- q_saline 

positive flow direction --> 
0 ------------- ------------------------------------

o- -0.5 

-1 

~ -1.5 

fr -2 

-2.5 

-3+---~~~~~--~--~--~~----
0 

km --> 

Fig. 2 a: Polder cross section with calculated interface ac
cording to Pereboom, 1980. West and east heads are 
given as are the water levels in the polder above the 
covering layer. In the 3 calculations only h2 is va
ried. b: Calculated flow of fresh and saline water 
through the cross section. 

5 NON-STATIONARY EXAMPLES 

5.1 Interface displacement below polder 

The next example compares the accuracy of the spreadsheet 
model with the results of a model based on boundary elements 
(Vander Veer, 1978). We simulate the situation of the polder 
"Groot Mijdrecht", as published by Awater in 1980 (See fig. 
3). 

The 2 km wide cross-section is closed at the western and 
the eastern side. At the start of the simulation, the 150 m 
thick aquifer contains a fresh-saline water interface at 100 m 
above its impermeable bottom. At t=O the head in the polder 
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0 m -5 m 

0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 

km --> 

Fig. 3 Cross section of polder "Groot Mijdrecht", according 
to Awater, 1980. calculated displacement of the inter
face after a sudden lowering of the polder level in 
the right polder equal to 5 m. The boundaries and the 
bottom of the aquifer are closed. The resistance of 
the covering layer equals 100 d. 

(that is: above the covering layer) is suddenly lowered 5 m. 
Due to this lowering a flow through the covering layer arises 
and the interface starts to move. 

The position of the interface is given for the same time
points used by Awater. Awaters' boundary value model correctly 
deals with vertical flow components, which the spreadsheet 
does not. Then it is astonishing to see how small the differ
ence between both models are. 

In this paper this example is the only one in which the 
width ~x was varied between nodes, in order to obtain a some
what higher accuracy at the boundary between both polders. The 
markers in fig. 3 show the position of the individual nodes of 
the model. The situation has been simulated using the follow
ing time-points: o, 125, 305, 425, 625, 825, 1025, 1425, 1625 
1825 and 2025 days. No intermediate steps were taken or 
needed. 

5.2 Section with abstracting drain 

Verruijt and Gan (1983) demonstrate their sophisticated 
SWIFT model on cross sections with an initially horizontal 
fresh-salt interface and a drain above it (fig. 4). At t=O an 
abstraction starts with 5 m2/d (single sided), using the drain 
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at 10 m depth shown in fig. 4. After 50 days the abstraction 
is stopped, after which the interface gradually moves down to 
its old start position. 

Fig. 4 

A 40 
I 35 rho_f~ 1 OOOkg/ln 
I 30 rho_ s~ I 025kg/tn 

E' 25 k~10m/d 

L-~ 20 s~o.35 llie_s:h] 
c 

15 
t~140d 

0 
:;:; 

10 
Interface 

0 
> 5 I Saline I t~Od 
Q) 

w 0 

0 100 200 300 400 
m --> 

Drain at +27.5m abstracts 5 m2jd (from one side) dur
ing 50 days. The spreadsheet-calculated interfac~s at 
t=O, t=50 and t=~40d are shown. The calcuiated d~s
placement of the interface below the drain is shown in 
fig. 5. 

In the cross section the' elevations of the interface calcu
lated by the spreadsl).eet for time-points t = 0, t =50 d and 
t = l40d are shown. The markers in the line for t= 0 visualize 
the 20 of nodes used by the model. 

In fig. 5 the results are compared with each other. I~ 
graphs the interface position below the drain as a funct1on of 
time. 

Keeping the saline water head constant, which ~s physically 
wrong but easy to do in the spreadsheet, the result can be 
compared with the analytical solution (Verruijt and Gan, 
1983): 

(29) 

a=p,-p 1 =0.025 in the given example. 
Pf 

The spreadsheet calculation for $s constant and the analyti
cal solution are in close agreement. The difference is caused 
by the fact that the analytical formula assumes constant 
thickness for the fresh part of the aquifer, whicn the 
spreadsheet model does not. Furthermore the networ:k used in 
the spreadsheet has been rather coarse, with 200 rn distance 
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between nodes. With a somewhat finer network the spreadsheet 
and the analytical formula are practically indistinguishable 
as long as the interface deviates little from horizontal. 

34 
1\ 32 
I 30 
I 28 
E 26 

'---' 24 
c 22 0 

';::; 20 
0 

18 > 
Q) 

16 w 
14 
12 
10 

0 20 

phi_s=constont 

40 60 80 1 00 1 20 
time [d] --> 

140 

Fig. 5 Calculated displacement of the interface in fig. 4. 
The analytical and the spreadsheet calculation shown 
by the left sheet curve keep the saline-water head 
constant. The model SWIFT (Verruijt and Gan, 1983) 
takes the exact position of the drain into account. It 
shows an acceleration of the upward speed of the in
terface below the drain. The extrapolated displacement 
that is calculated by the mirror technique exactly 
touches the curve produced by the SWIFT model at t=O. 

The calculation by Verruijt and Gan (1983) with their SWIFT 
model and the one by the spreadsheet agree with each other. 
SWIFT takes into account the exact position of the drain. This 
means that the interface below it rises faster the more it 
approaches the drain. The. spreadsheet applies the Dupuit-as
sumption, meaning that it assumes an abstraction screen whose 
height equals the local thickness of the fresh-water part of 
the aquifer. Therefore an acceleration of the interface below 
the drain, as observed with SWIFT, does not occur with the 
spreadsheet. 

Both models yield almost exactly the same result as soon as 
the abstraction by the drain is stopped. This agreement re
sults from the fact that then the point-influence of the drain 
disappears and thus the starting assumptions of both models 
then closely resemble each other. 

The "mirror technique" line in the fig. 5 was obtained by 
calculating the speed at t=O at the interface below the drain, 
when there is no influence of the interface on the flow. The 
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speed was calculated by superposition, i.e. mirroring the 
drain relative to the top and bottom of the aquifer more than 
a hundred times (e.g. Verruijt, 1970): 

q drain ~ { l l } 
vA= 2nS ;f:ro (2i;-l)(D+B-zA) + (2i-l)-B-zA) 

where 6 is the distance of the drain to the top of the 
aquifer. 

(30) 

The resulting speed yields the straight line titled "mirror 
technique". It touches the curve calculated by the SWIFT model 
as it ought to. 

6 REFERENCES 

Akker, C.van den (1982). -Numerical Analysis of the 
stream function in plane groundwater flow. Thesis, oelft, 
1982, 130pp. 

Awater, R. (1980).- Some results obtained with a bounda
ry-element method. In: Research on possible changes in 
the distribution of saline seepage in the NetherlandS· 
Committee for Hydrological Research, TNO, Proceedings and 
Informations No. 26, TNO, The Hague, 1980, p112-123. 

Grakist, G. (1983) - Hydrologische berekeningen ten ~an
zien van de infiltratie aan de oppervlakte in the du~nge
bied tussen Katwijk en Scheveningen. (Hydrological calcu
lations concerning artificial recharge in the dune area 
between Katwijk and Scheveningen (Netherlands)). Deelrap
port 12 van the Eindrapport Integraal Onderzoek Drinkwat
ervoorziening Zuid Holland (IODZH), RID en Prov.Waters
taat zuid Holland, Den Haag, 1983, 39pp+33 bijlagen. 

Olsthoorn T.N. (1985) - The power of the electronic 
worksheet: Modelling without special programs. Ground
water (23) 1985 nr.3, p381-390. 

Olsthoorn T.N. (1987) - Het simuleren van grondwatez-
stroming met een spreadsheet, nog enkele voorbeeldeil• 
(Simulation of groundwater flow using a spreadsheet, some 
more examples). H20 (20), 1987, nr.3, p.129-130 

Olsthoorn T.N. (1987) - Grondwatermodellering met beh~lp 
van spreadsheets een stap verder. (Groundwater mode.l...l..J.ng 
using a spreadsheet, one step further). H20 (20), 1987, 
nr.18, p434-439. 

Olsthoorn T.N. (1988) - Kwaliteitsmodellering van o~per
vlaktewater met behulp van spreadsheets. (Modelling of 
surface-water quality using a spreadsheet). H20 ( 21) ' 
1988, nr.18, p509-511 



A 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

T.N. Olsthoorn 357 

Olsthoorn T.N. (1990) - Grondwatermodellering met een 
spreadsheet; voorraadvorming bij variabele dichtheid in 
een heterogene bodem. Parts 1 and 2. (Groundwater model
ling with a spreadsheet; water storage under variable 
density in heterogeneous aquifers). H20 (23), 1990, nr.23 
and nr. 24 

Pereboon, D. (1980) - Some results obtained with a fini
te-difference method. In: Research on possible changes in 
the distribution of saline seepage in the Netherlands. 
Committee for Hydrological Research, TNO, Proceedings and 
Informations No. 26, TNO, The Hague, 1980, p50-76. 

Veer, P. Van der (1978) - Calculation methods for Two-di
mensional Groundwater Flow. Thesis, Delft University, 
172pp. 

Verruijt, A (1970) - Theory of groundwater flow. MacMil
lan, London and Bastingstoke, 190pp. 

Verruijt, A en J.B.S. Gan (1983) - Niet-stationaire 
stroming van zoet en zout grondwater met de elementenme
thode. (Non-stationary flow of fresh and saline ground
water using the finite-element method). H20, vol 16, 
1983, nr. 24, pp542-547. 

B 
Coordinates 

dx Right 
dx oint 
x point 

Polder head 
Phi P 

c 
Aquifer par 

zTop 
Parameters 

qf 
kf 
Of 
a 

a f 
Parameters 

qs 
ks 
Ds 
a 

as 
zBot 

Head and In 
Phi I 

I 
Phis 

Head and In 
Phi f 

I 
Phis 

Head and In 
Phi f+ 

I+ 
Phis+ 

of nodes, midpoint of segments and segment length 
100 

126+H26)12 
+H28+H26 
above aquifer and resistance c of top aquitard 

5 
100 

~eters 

150 
f fresh part of aquifer 
130-148)'1271131 

20 
1$33 1$49 

.5'1$36' 0.001 + 1$37 +J$3 /1$26 
+$F$22'1$27 
f saline part of aquifer 

0 
20 

+149 146 
.5'1$42'(0.001 +1$43+J$43)/I$26 

+$F$23'1$27 
0 

erface during timestep at t-t+theta dt 
I38'J48+ H38'H48+ 139'152 145' IS4 ISO +135 I 138+H38+139) 

@MAX(@MIN($F$21'1SO $F$20'148,133),146 
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A E - -

GLOBAL PARAMETERS 
s 0.2 
Dt 125 
theta 0.67 
rho! 1000 
rhos 1025 
(Sl(Dt'theta +F12I(F13'F14) 

----~Fts~-Drho 
(rhof/Drho) +F15IF19 

*hosiDrho) +F161F19 --
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Table 1. Global 
formulas and va
lues ans for
mulas and values 
in ith column of 
non-stationary 
spreadsheet, co
pied to adjacent 
columns to 
create more 
model nodes. 




