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ABSTRACT 

In coastal areas, and certainly in the Belgian coastal plain, hydrochemical investigations are impeded by 
the presence of fine-grained sediments such as clay, silt and peat. Resistivity measurements in bore
holes have, until present, only been calibrated for sandy formations. The relationship between the 
resistivity and the pore-water quality in fine-grained sediments is not clear.. Representative ground
water samples from these formations are difficult to obtain. 

In this paper a fast and effective method for obtaining groundwater samples from fine-grained sediments 
is described : the high pressure filtration technique. The method is applied to a study area in the 
western Belgian coastal plain : the Yser plain. 

The pore-water samples thus obtained were used to calibrate the borehole resistivity measurements in 
fine-grained formations. The results of the chemical analysis of the pore-water samples have led to a 
better understanding of the chemical and physical processes influencing groundwater quality. 

1. INTRODUCTION 

Hydrochemical investigations are usually limited to 
permeable formations. It is well known that less 
permeable sediments, especially clay, play an 
important role in the groundwater quality. 
However, sampling groundwater from fine-grained 
deposits is not easily done. In areas, where 
extensive layers of fine-grained sediments occur, 
groundwater quality cannot be fully understood 
without investigating the water in these sedi
ments. 

* 

Earlier investigations in the Belgian coastal plain 
have used geophysical well loggin~ as a method 
for assessing groundwater quality. 

The total dissolved solids content (TDS) of 
groundwater can be estimated from the formation 
resistivity, as measured with the long normal 
device, using the relation between formation 
resistivity p and pore-water resistivity p 
(ARCHIE, l9J2) on the one hand, and the relaY!. 
tion between TDS and p (LEBBE & PEDE, 1986) 
on the other hand. The~e relations are given by 
pt = F. pw and TDS = 10000/ pw, with F the 
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formation factor which takes the characteristics of 
the formation into account. By joining successive 
well foggings, profiles showing lines of equal 
fresh-water percentage, which give a picture of 
the fresh-/salt-water distribution in a vertical 
plane, are obtained. The formation resistivities, 
corresponding with the fresh-water percentag·es 
are calculated by means of the aforementioned 
equations. 

This method has been used extensively in the 
western Belgian coastal plain. These investiga
tions, however, were carried out in a dominantly 
sandy aquifer. As a consequence, the formation 
factor was only determined for sandy formations, 
by comparing formation resistivities with pore
water resistivities as measured on groundwater 
samples from observation wells. For these sandy 
formations, consisting of electrical inactive 
grains, the formation factor is a constant, not 
influenced by the pore-water quality. 

For fine-grained sediments, such as clay, silt and 
peat, however, this is not the case. These 
sediments, when saturated with fresh water, 
show, because of surface conduction along the 
grain surfaces and ion exchange, a lower resisti
vity than medium to coarse-grained rocks. The 
opposite effect is found if these sediments are 
saturated with highly saline water. Hence, the 
formation factor ·of fine-grained rocks, and the 
relation between formation resistivity and TDS is 
highly dependent on pore-water quality and is, as 
a consequence, not well defined. 

Few hydrochemical data concerning groundwater 
in fine-grained rocks are available. As a result, 
the variation of the formation factor with ground
water quality is not known and the calibration of 
the resistivity leggings for fine-grained sediments 
was, until present, not possible. 

In the aquifer of the Belgian coastal plain ex
tended clay, silt and peat layers occur. Since 
these sediments play an important rtlle in the 
hydrochemistry a method has been applied for 
extracting representative pore-water samples in 
order to solve the aforementioned problems : the 
high-pressure filtration technique. 

2. THE PRESSURE FILTRATION TECHNIQUE 

2.1. Method 

L. ZEUWfS, L. LEBBE & W. DE BREUCK 

By means of a high-pressure stainless steel 
squeezer, adapted from MANHEIM (1966), pore 
fluids from undisturbed ground samples are 
pressed. The squeezer consists of a steel cy
linder, resting on a steel base with a fluid outlet 
and a f"llter unit. By means of a ram, pressure 
can be exerted. Loss of fluid is avoided by 
self-sealing gaskets which expand against the 
steel walls of the cylinder as pressure is exerted. 

If pressure is applied on a ground sample in the 
cylinder, the pore fluid is forced through the 
filter unit. It flows via the fluid outlet into a 
disposable syringe in the base of the squeezer. 
The squeezed-out liquid moves the syringe plun
ger backward as the liquid is expelled. Contact 
with air is minimal. When the desired amount of 
fluid is obtained, the syringe is capped and 
stored for investigation. 

Pressure is exerted by means of a standard 
hydraulic laboratory press of a capacity of 13 
tons. 

Squeezers of different diameters can be applied; 
in this case the filter diameter was 4, 7 em. 
Smaller diameters allow for higher pressure but 
yield smaller volumes. The opposite is true for 
large-diameter squeezers. 

Depending on the permeability of the ground 
samples, pore-fluid volumes from a few ml to more 
than 15 ml can be obtained. The duration of the 
squeezing operation varies between 5 and 30 min. 

2.2. Possible errors 

Many scientists have claimed that squeezing pres
sure may influence the composition of pore solu
tions extracted from sediments. Pressure may 
affect the liquid-solid equilibrium within the 
sediments and may cause solution and precipita
tion effects. 

However KRIUKOV • KOMAROVA (1956), MAN
HEIM (1966), and other scientists have demon
strated that the ion concentration in the extracted 
pore fluids remains constant for most of the 
squeezing sequence and appears to be very 
similar to the original concentration . Only at the 
end of the squeezing sequence, the concentration 
sharply decreases. At this moment absorbed or 
semi-liquid layers poor in electrolytes are being 
squeezed from the sediments at very high pres-
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Fig. 1. Conductivity and ion concentration in 
pore solutions at very high pressures (KRIUKOV 

& KOMAROVA, 1956). 

sure (fig. 1). In normal practice, the composi
tion of water extracted by squeezing is not 
appreciably influenced. 

The effects of temperature changes are far more 
important (MANGELSDORG, 1969; SAYLES et al., 
1973). Increasing temperatures influence the 
exchange capacity in clayey materials, resulting 
in an exchange of soluble monovalent cations for 
divalent cations. Especially S and K are affec
ted. The major anions, chloride and sulfate, 
however, do not undergo significant temperature 
effects. 

Temperature measurements in ground samples 
carried out in the laboratory, have shown that 
temperature increase is very slow. Thus, errors 
due to temperature effects can be kept to a 
minimum when samples are stored at field tempe
rature. 

Eventual errors can be detected when the results 
are plotted against depth. Erroneous results will 
display a typical saw-tooth pattern; good results 
yield smooth variations in major constituents, as 
illustrated in fig. 2. 

3. FIELD INVESTIGATION IN THE YSER PLAIN 

3.1. Study area 

The filter press method has been applied in a 
large-scale hydrogeological investigation in the 
southern part of the western Belgian coastal 
plain : the Yser valley (fig. 3). This region is 
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Fig. 2. Cation concentrations in meq/1. 

mainly built up of fine-grained sediments (clay, 
silt and peat); sandy formations only occur on 
the elevated ridges. 

From this study, a simple profile has been selec
ted to illustrate the usefulness of the filter press 
technique. More complex results , obtained during 
the large-scale hydrogeological investigation are 
not discussed in this paper. 

3.2. Lithology 

The unconfined Quaternary aquifer (fig. 4) is 
bounded by the Eocene clay substratum (layer 1). 
Its top is situated at a level of -11,5(*) in the 
centre of the Yser valley and rises to a level of 
+2, 5 near the edges of the valley. 

(*) TAW datum level of the second general levelling 
(National Geographical Institute, Belgium). 
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Especially in the central part of the valley, the 
Tertiary clay is covered by Pleistocene sediments, 
consisting of heavy silty clay (layer 2), peaty 
and sandy silt (layer 3). These layers attain a 
thickness of 5 and 2 m respectively. Near the 
edges of the valley, the Pleistocene layer becomes 
thinner and sandier. 

The Pleistocene sediments are covered by peat 
and very peaty clay (layer 4) which attain a 
thickness of 9 m. These layers were formed 
during a period extending from the (Pre)boreal to 
the end of the Subboreal. During this period, 
the area was not flooded by the sea and marine 
sediments of the Atlantic stage are completely 
lacking. The Atlantic period may probably be 
represented by the fluviatile silty intercalation 
between the levels -2 and -4, 5. 

The peaty layers have been partly eroded by a 
sandy creek (layer 5), probably dating from the 
Subatlantic. This creek has a horizontal exten
sion of 100 m and a depth of 9 m. It is filled by 
silty fine to very fine sands with many peat 
remnants. 

The top of the Quaternary sediments is formed by 
heavy clay from the Subatlantic stage (layer 6). 

3.3. Sampling and chemical analysis 

Along the cross section eight holes were drilled. 
Undisturbed ground samples were taken at depth 
intervals of 0,25 to 1,0 m. In all 74 samples 
have been collected. 

Another 70 ground samples, scattered over the 
southern part of the western Belgian coastal 
plain, have been collected. In the boreholes, 
resistivity was measured by the long- and short
normal probes. 

The ground samples were stored at field tempera
ture. Squeezing was done after a few days. 
Pressures between 15 and 250 kg/cm 2 have been 
applied depending on the nature of the sediment. 

The following parameters of the pore-water sam
ples were analysed : conductivity, concentration 
of Na, K, Ca and Mg and of Cl, SO and HCO . 
Total dissolved solids content (TD~ and tot
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hardness (TH) could be calculated. 
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3.4. Results 

3.4.1. CALIBRATION OF RESISTIVITY 
LOGGINGS FOR FINE-GRAINED 
SEDIMENTS 

A resistivity profile (fig. 5) has been drawn-up, 
according to the resistivity loggings obtained 
using the long-normal device. A mean value of 
3 , 2 has been used for the formation factor, which 
has been determined for the sandy fill in the 
Subatlantic creek. 

The fresh-water percentages (95, _84 and 50 %) 

and the corresponding TDS-values, pore-water 
resistivities and formation resistivities are given 
in table I. 

L. ZEUWfS, L. LEBBE & W. DE BREUCK 

to a depth of about 6 m, as a consequence of its 
elevation and its better permeability than the rest 
of the valley. At the edges of the valley, which 
are also elevated, fresh water infiltrates readily. 
Groundwater-quality distribution is not determined 
by the river Yser itself. 

Another profile with lines of equal fresh-water 
percentage, coinciding with the previous one, has 
been drawn (fig. 6). This profile, however, is 
based on the TDS values as measured on the 
pore-water samples. The fresh-water percentages 
correspond thus with the true groundwater quali
ties and the fresh-/salt-water distribution pic
tured, illustrates the real situation. 

Both profiles (fig. 5 and 6) are in agreement. 
Brackish to very brackish water is still the 

Table I. Fresh-water percentage (P f) encountered in the resistivity profile, 

and the corresponding TDS-values, pore-water resistivities (p ) 
and formation resistivities (pt). w 

pf TDS 

(%) (mg/1) 

95 1791 
84 4907 
50 14538 

According to the classification of DE MOOR 11 DE 
BREUCK (1969), the percentages higher than 95 % 
correspond with fresh water, the percentages 
below 50 % with salt water. The intermediate 
percentages concern brackish water. In the 
following, the qualities varying between 95 % and 
84 % and between 84 % and 50 % are indicated as 
moderately brackish and brackish to very brack
ish respectively. 

According to the resistivity profile, the largest 
part of the Y ser valley contains brackish to very 
brackish water; moderately brackish water reach
es up to the water table. In the central part of 
the valley, between the levels -5 and -7, a small 
salt-water lens is present. At lower levels, the 
salt content of the groundwater decreases. In 
the sandy creek, a fresh-water lens has formed 

pw(ll oc) pt{ll OC) 

(rim) (rim) 

5,58 17,86 
2,04 6,53 
0,69 2,21 

dominant quality and infiltration of fresh water 
only appears in the sandy creek and at the edges 
of the valley. 

However, some differences can be seen. Actual
ly, moderately brackish water does not reach up 
to the water table; fresh water is present at the 
top of the unconfined aquifer throughout the 
whole area. The interfaces of 95 % and 84 % are 
located somewhat lower and although correspon
ding with the zone of highest salt content, the 
salt-water lens in the central part of the valley is 
not present (the fresh-water percentage of 50 % 
is not exceeded) • 

In general, it may be stated that the interpre
tation of resistivity loggings calibrated for coar-
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important deficit of up to 440 mg/1, as 
illustrated by the decreasing Na-concen
trations in fig. 10. The corresponding 
Ca-surplus is very high : 390 mg/1. The 
chloride-content decreases towards the 
Tertiairy substratum (fig. 11), pointing to a 
decrease in marine influence. 

The drilling HSBS in the cross section has 
been extended to a depth of 15 m, and thus 
reaches into the Tertiary substratum. The 
Bs-NaCl- -type, changes into the Bs-CaCl
type showing a Na-deficit of up to 1000 mg/1 
and a Ca-surplus ot more than 700 mg/1. 
Cation exchange is extremely pronounced 
EXCH = -25 to -40 meq/1. 
The salt content decreases with depth . 

3.4.2.2. EVOLUTION OF THE 
GROUNDWATER QUALITY 

Based upon the chemical features of the ground
water present in the area, and especially the 
cation exchange, the evolution of the groundwater 
quality can be outlined. 

The groundwater-quality unit with negative 
exchange occurring in the basal zone of the 
unconfined aquifer and in the top of the Tertiary 
clay substratum is due to salt-water intrusion. 
The groundwater-quality groups with positive 
exchange at higher levels, however, point to a 
replacement of salt water by fresh water. So, 
two different periods have to be distinguished, 
i.e. a period of salt-water intrusion followed by a 
period of fresh-water intrusion. The unit with 
little or no exchange is probably a result of the 
mixing of the groundwaters with positive and 
negative exchange. 

This finding is confirmed by the geological evo
lution of the area. The presence of thick and 
extended organic layers, dating from the (Pre)
boreal to the Subboreal stage points very clearly 
to fresh circumstances in the area during most 
part of the Holocene period. These sediments 
were in equilibrium with fresh water. Marine 
influences during the Atlantic stage did not 
occur. 

Only during the Subatlantic stage, did sea water 
have access to the area by means of the gully 
which now forms the sandy creek. During 
storms, the surrounding peaty areas were also 
flooded and so transformed into salty marshes. 

As indicated by more detailed investigations over 
larger areas of the western Belgian coastal plain, 
infiltrating salt water during the Subatlantic did 
not have the same salt content throughout the 
entire coastal plain. At the edges of the coastal 
plain, the salt content seems to have been lower 
than in more seaward areas. This fact may be 
explained by the mixing of the inundating salt 
water with fresh water from the surrounding 
elevated regions. The highest Cl-content seen in 
fig. 11 in the vicinity of the sandy creek proba
bly corresponds approximately to the salt content 
of the infiltrating Subatlantic water near the 
cross section. 

This infiltrating water flushed the fresh water 
present in the sediments, so disturbing the 
liquid-solid equilibrium. Cation exchange occur
red, giving rise to groundwater with deficits of 
Na, K (and Mg) and surpluses of Ca. 

After the regression of the sea, infiltration of 
precipitation water started freshening the aquifer. 
Saline water was pushed to the base of the aqui
fer and even into the impervious substratum. 
This freshening gave rise to groundwater with 
surpluses of Na, K (and Mg) and only low sur
pluses of Ca. It is still in process : even near 
the water table, salt water has not been flushed 
completely since ion exchange is still going on. 

4. SUMMARY AND CONCLUSIONS 

The pressure filtration technique, as presented, 
provides a fast and effective method for extrac
ting pore fluids from fine-grained deposits. 
Analyses of pore waters from the southern part of 
the western Belgian coastal plain have been made. 

The results have been used to improve the accu
racy of resistivity logging in fine-grained sedi
ments. Furthermore they have led to a hypothe
sis on the hydrochemical evolution of the area. 
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