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of the 'De Groeve' well field 
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ABSTRACT' 

At the well field "De Groeve", located in the northern part of the Netherlands, over 8 million m3 of 
groundwater is abstracted annually. Just north-east of the well field approximately 30 million m3 of 
brackish water with a chloride content up to 900 mg/1 is present within the exploited aquifer. The 
phenomenon is supposed to be of Eemian origin, due to transgression of the sea in that pez:iod. Geo
electric soundings have shown the lens to be of finite extent. Shape, size and location are affected by 
groundwater flow and thus by the abstraction. The study deals with prediction of chloride content in 
the mixed raw water in the next century. With the help of a groundwater solute transport model, these 
and questions concerning the operational sc:Q.eme of the well field can be answered. It is shown that 
remedial action to prevent the chloride content exceeding an arbitrary 100 mg/1 standard is not likely to 
be necessary. 

1. INTRODUCTION 

The Water Supply Company for the Province of 
Groningen (Waprog) abstracts groundwater at the 
"De Groeve" well field in the northeastern part of 
the Netherlands. Abstraction started in 1964, 
gradually increased to 8 million m3 and takes 
place at 41 wells (fig. 1). 

There are plans to raise annual abstraction to 10 
million m3 in the near future, Depth of abstrac
tion is roughly 45 to 100 m NAP. NAP is the 
reference level (approximately mean sea level). 
The well field is located in the valley of the 
Hunza (a small river) in a polder area with 
controlled groundwater levels. Surface level is 
approximately + 1 m NAP. Only the southwestern 
part of the area shown in fig. 1 is a higher and 
hilly infiltration area called Hondsrug (up to + 
10 m NAP). In 1979 chloride contents in the two 
abstraction wells (GZ18 and GZ19) in the north
eastern part of the well field were significantly 
higher (up to 160 mg/1) than those measured in 
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other wells (20 mg/1 on the average). This has 
been the immediate cause to carry out the studies 
indicated as CSONKA (1983) and VAN DALFSEN 
(1980). 

2. PREVIOUS WORK AND AIM OF TIDS STUDY 

CSONKA (1983) studied chloride contents in more 
detail with extensive geo-electric surface soun
dings with 4 additional and deep monitoring wells 
(Pll8 to P121). In wells P120 and P121 perma
nent electrodes to monitor gee-electricity resis
tivity were installed at different depths. The 
smallest depth of brakish water due to Tertiary 
marine sediments. was found to be approximately 
-110 m NAP (near Pl04, fig. 1). Both in eastern 
and western directions this depth increases (full 
lines in fig. 1). However, above the interface a 
vast amount of brackish water was traced in the 
exploited aquifer. It was a kind of bean-shaped 
brackish-water lens, with a thickness of 30 m 
(-70 to -100 m NAP), an area of more than 3 km 2 
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Fig. 1. "De Groeve" area (30 km 2 ) showing location of 41 wells at well field 
(wells GZ2 to GZ42), depth (m-NAP) of brackish water (150 mg/1), 

position of bean-shaped brackish-water lens (shaded area) as traced 
in 1980 by CSONKA (1983), position of 19 monitoring wells 

(P101, P102, P104 to Pll6, Pl18 to P121) and location of 
cross ·section EF as illustrated in fig. 2. 

Shaded area at upper left part is lake Zuidlaardermeer. 
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Fig. 2. Cross section EF; heads (m+NAP) 26/09/1985, 
chloride contents (mg/1) Pll3 21/08/1980; 

P118·and P120 on 22/07/1981. 

and chloride contents up to 900 mg/1 (shaded area 
in fig. 1). Assuming a porosity of 35 % its 
content was estimated at 30 million m3 of brackish 
water and almost 25 million kg of chloride. 
Location and shape of the lens are illustrated in 
fig. 1 and in cross section EF (fig. 2). 

Heads measured on September 26, 1985, are 
indicated in this cross section. These are inter
preted in terms of flow. Differences in density 
due to differences in chloride content are taken 
into account (fresh-water heads). By means of 
electricity soundings and monitoring filters it was 
found that - although upconing occurs - lens .and 
deeper brackish water are not in contact (in 
1980). For this reason, this study assumes that 
the lens is of finite extent. 

VAN DALFSEN (1980) measured temperature 
profiles in 17 monitoring wells. The results have 
been interpreted in terms of groundwater flow, 
indicating that only in the southeastern part of 

the area shown in fig. 1 (near P102, P104, Pl05 
and - although less P108) groundwater is 
flowing in an upward direction. Just east of the 
well field less permeable strata are lacking to 
prevent this vertical flow. 

The chloride content of the mixed raw water 
increases. It was 20 mg/1 in 1980. Afterwards it 
gradually increased. It was 35 to 45 mg/1 on 
average in 1986 (depending on the regime of the 
well field). The increase is caused by abstrac
tion of brackish water by wells in the northeas
tern part of the well field. It was decided to 
start a project that aims to 

- predict the increase of chloride in mixed raw 
water in the decades to come, 
determine the kind of action to be taken to 
accomplish an increase as small (and steady) 
as possible, 
determine what to do if content exceeds 100 
mg/1. 
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The study (PETERS, 1987) is described in this 
paper. 

3. ORIGIN OF BRACKISH WATER 

Something about the geology (RGD, 1982), 
Subsoil just under -95 m NAP consists of Tertiary 
fluviatile sediments. The sediments on top of 
them are Quaternary deposits, fluvial sands and 

glacial loam and sand up to -35 m NAP. From -35 
to -15 m NAP the subsoil consists of marine 
sediments, clayey sands as a result of the trans
gression in the Eemian peri9d. On top ( -15 to 0 
m NAP) of it we find eolian, im~ sands. 
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The Netherlands were partly flooded by the sea 
on several occasions. There have been trans
gressions during the Holocene (Calais, Dunkirk), 
fig. 3. In the Pleistocene (Eemian) however, the 
sea penetrated the study area from north-west to 
south-east through the valley of the Hunze. This 
valley was approximately 35 m deep, was formed 
by strong erosion at the end of the Saalian and 
was filled up with clayey sands in a saline en
vironment. 

Saline water gradually dispersed and - due to the 
differences in density - descended to poorly 
permeable strata at -100 m NAP. So the pheno
menon that causes the problem is not a recent 
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Fig. 3. Holocene and Pleistocene transgressions in the Nether lands 
(MEINARDI, 1973 and JELGERSMA, 1971). 
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intrusion but one that occurred a hundred thou
sand years ago. The brackish water is said to 
be a remainder, a relic of the Eemian transgres
sion (VAN DALFSEN, 1980; CSONKA, 1983 and 
HOOGENDOORN, 1985). A rather amazing pheno
menon, such a considerable amount of brackish 
water in such a permeable aquifer for such a long 
time. Perhaps a penetration of the Hunze valley 
by the sea during the Holocene is a more reaso
nable explanation of the continuing presence of 
this brackish water. 

4. HEADS 

The study linked up nicely with another project 
(VINKERS a. BOUKES, 1985). In that study 
hydrologic effects in terms of changes in ground
water level caused by changes in surface water 
levels in the polder area were calculated. In the 
sixties and seventies lowering of these levels were 
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accomplished to increase crop yield. VINKERS a. 
BOUKES used a 3-layer finite element model 
(FEM) of 81 km 2 with an annual abstraction of 8 
million m3 (fig. 4). The calibrated model (input 
data) was used to calculate the heads for an 
abstraction of 10 million m 3 per year. This will 
be - as already stated - the abstraction rate in 
the near future. The !-layer finite difference 
model (FDM) that was used for this study was 
chosen in such a way that boundary conditions 
correspond with the FEM-model. The heads in 
the boundary blocks of the block-centred FDM
grid correspond with heads at the nodes of the 
FEM-model (fig. 4). The same holds for the 
heads in the aquifer on top of the exploited 
aquifer. They are calculated by the FEM-model 
and are considered as boundary conditions in the 
FDM to model the leakage into the exploited 
aquifer. It is assumed that all 41 wells ab.stract 
the same amount of water, 244 thousand m3 per 
year per well (670 m3 per day). The wells are 
spread over 21 blocks. 
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Fig. 4. Link between large area FEM-model and FDM-model to study flow near 
well field more accurately. 
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Fig. 5. Calculated heads within exploited aquifer (in + m NAP). 
Annual abstraction 10 million m 3 • 

Contour interval is 0, 25 m. 

The hydrologic parameters were taken from the 
study by VINKERS a. BOUKES (1985). Thickness 
of aquifer is in the range of 30 to 50 m, hydrau
lic permeability approximately 70 m/ d, transmissi
vity 3000 m2 /d and resistance of confining layer 
on top of the exploited aquifer in the order of 50 
to 750 days. Of course the heads within the 
exploited aquifer as simulated with FDM (fig. 5) 
perfectly resemble the heads as calculated with 
the FEM-model. In the simulation period of one 
century, heads and flows are assumed to be 
constant. The 'pumping period' is divided in 140 
time steps of 5-7 year. 

5. SOLUTE TRANSPORT 

The transport model used will be briefly review
ed. It is one of many tools that c~ help in the 
analysis of groundwater-quality problems. It has 

been developed by the US Geological Survey and 
is based on the finite difference method for 
solution of flow equation in combination with the 
method of characteristics (MOC) for solution of 
the solute transport equation. The code requires 
that the area of interest is divided by a regular 
grid in a number of blocks. The FDM-grid (size 
30 km 2 ) consists of 25 times 30 blocks of 200 
times 200 m. It takes up exactly the area shown 
in fig. 1. The model computes heads and solute 
concentrations at any specified time and place (in 
the centre of the block). We will not go into 

detail here. More information can be found in 
KONIKOW • BREDEHOEFT (1978). 

Solute transport not only occurs due to flow 
("convection") but also by "hydrodynamic disper
sion". In the model this is taken into account by 
longitudinal (in the direction of flow) and trans
versal (perpendicular to the flow) dispersivities. 
Dispersion is a scale-dependent phenomenon 
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(MOLZ et al., 1983). 
problem is in the order 
of PEKDEGER et al. 
transversal dispersivity 
m. 

The scale of the flow 7. RESULTS 
of 1 km. With the work 
(1985) . longitudinal and 

are chosen to be 20 and 1 

Within the exploited aquifer contents are less than 
900 mg/1. Therefore water flow (primarily hori
zontal) is assumed not to be affected by density 
effects. 
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Fig. 6. Calculated chloride content (in mg/1) in 
mixed raw water in the years 1980-2080. Annual 

abstraction 10 million m 3. 

6. CONCENTRATIONS 

In the model all initial concentrations are assumed 
20 mg/1 ("background concentration" and mixed 
raw-water quality in the years before 1980) 
except for the concentrations in the lens of 
brackish water (maximum 900 mg/l). Also the 
water that enters the model (leakage, inflow) is 
assumed to have a chloride content of 20 mg/1. 
The transport model however is a 1-layer (2D) 
code. So concentrations have to be averaged 
over the complete thickness of the aquifer. 
Therefore contents as used in the simulations 
have a maximum of 500 mg/1. We have to bear 
this in mind when calculated concentrations are 
compared with measured ones. 

CSONKA (1983) does not give information about 
the position of the northern edge of the lens, see 
fig. 1. Its shape in 1980 is presumed to be as 
illustrated in fig. 8. It is checked that at that 
moment in the model the total amount of chloride 
present within the lens (exceeding the back
ground concentration) is approximately 24 million 
kg. 

Predicted chloride content (in mg/1) of mixed raw 
water is illustrated in fig. 6. It must be stres
sed that it is assumed that each well is in opera
tion continuously. In reality however. there is a 
system of switching (on/off) of wells. This 
causes relatively large fluctuations in concentra
tion which handicaps comparison of measurement 
and prediction. Also the abstraction rate up to 
now is somewhat smaller than as supposed by the 
model. However model results reasonably resem
ble the real concentrations of the early eighties. 
Concentration is expected to be 50 mg/1 in 1990. 
The model shows that probably the mixed raw-wa
ter quality will reach a maximum of 60 mg/1. In 
the year 2010 it will start to decrease again to 
less than 40 mg/1 in the years after 2035. .l'otal 
amount of chloride present within the model area 
and within the lens (exceeding the 20 mg/1 back
ground concentration) has also been computed for 
the total simulation period. The result (shown in 
fig. 7) indicates the lens to be "exhausted or 
mined" within one century. Shape and dimensions 
of the lens can be illustrated. Fig. 8 shows the 
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Fig. 7. Amount of chloride present within the 
model and within the lens (exceeding the 20 mg/1 
background concentration) in million kg in the 

years 1980-2080. 

lens in 1980 (assumed) and the predicted locations 
for 4 subsequent stages with a 25 year interval. 
The lens slowly moves to the west and spreads to 
the north and south. Its concentration gradients 
also decrease. Starting in 2055 small amounts of 
brackish water will leave the model area across 
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the northern boundary. Fig. 8 also shows the 
increase in chloride in the wells in the northeas
tern part of the well field. 

8. CONCLUSIONS AND DISCUSSION 

Due to the presence of an amount (a lens) of 
brackish water within the exploited aquifer the 
chloride concentration of the abstracted water at 
the "De Groeve" well field will continue to in
crease for approximately a decade. However, 
model simulations show that it will probably not 
exceed a 100 mg/1 standard. It must be empha
sized that it is assumed that the lens is of finite 
extent and not in contact with the deeper bra
ckish water. At the turn of the century concen
tration will reach a maximum. After a few deca
des it will decrease again to a present-day level 
of 40 mg/1 in approximately the year 2035. It 
must be underlined however that forecasts will 
have greater uncertainty with increasing predic
tive times (KONIKOW, 1986) and that in fact the 
predictions should be accompanied by an uncer
tainty analysis. With respect to the heads and 
rough calibration has been carried out (VINKERS 
& BOUKES, 1985). The transport parameters, in 
fact, have not been calibrated. Comparison of 
predicted and measured contents (for the early 
eighties) in the mixed raw water give reasonable 
results. An accurate calibration of a transport 
model is only possible if extensive and long series 
of good-quality data are available. The concen
tration of the mixed raw water is completely 
determined by the flow field. Heads an·d flow are 
assumed constant and steady. These of course 
will be affected not only by the abstraction rate 
and regime, but also by for instance other ab
stractions or changes in the level of polder water 
that can occur in the future. 

Chloride concentration will be highest (more than 
250 mg/1) in the wells in the northeastern part of 
the well field. Mixed raw-water quality can be 
improved (chloride will fall sharply) if the water 
of these wells is (continuously) drained off or 
lead away to, for instance, surface water. If 
not, switching on and off can result in fluctua
tions in mixed raw-water quality. These 

fluctuations can be reduced by a constant regime 
with respect to these wells. 

Extensive monitoring of heads, chloride contents 
and resistivity in the various monitoring and 
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abstraction wells is recommended, By trial and 
error, input data can be adjusted in such a way 
that predictive capabilities of the model are 
improved ("post-audit"). 

Temperature profiles and measurements of heads 
indicate that east of the abstraction wells vertical 
flow occurs. Also the lithology of wells in this 
area shows that less permeable strata are lacking 
in order to prevent this. That is why more 
detailed study of the age and origin of the bra
ckish water is necessary to ensure that the lens 
is of finite extent and is not (and will not be} in 
contact with deeper brackish water. Questions 
marks can be removed by means of a geohydro
chemic study with dating and isotopes perhaps 
together with an additional and deep monitoring 
well with permanent resistivity electrodes near 
well P104, 
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