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TESTING VLF-RESISTIVITY MEASUREMENTS IN ORDER TO 
LOCATE SALINE GROUNDWATER 

By C.-F. MUllern1 and L. Eriksson1 

VLF-resistivity measurements are being tested as a rather cheap and rapid tool 
for making rough estimations of the occurrence of saline groundwater. In this 
study the method has been tested in order to: 1. locate fossil saline groundwater 
in a Pleistocene esker (sand and gravel) aquifer, 2. locate fossil saline ground
water in the Precambrian crystalline baSE!ment, 3. locate the saline-water/fresh
-water boundary on the coast of the Bothnian Sea, 4. outline the boundary of pol
lution from a storage of salt used for de-iceing and anti-dusting on the roads. 
The results of these tests are presented and discussed. 
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Fig. 1. Geographical positions of the sites where VLF-resistivity measurements 
of this study were carried out. 

INTRODUCTION 

During the last few years VLF-measurements have been used to locate groundwater 
bearing fracture zones. This method has in many cases been successful and many 
geological consultants, and others, in Sweden have acquired this kind of equip
ment. Since it also is possible to make at least approximate resistivity measure
ments with this kind of equipment, preferably in single- and two-layer cases, it 
was thought worth-while to test it in connection with problems concerning saline 

1 Geological Survey of Sweden, Uppsala, Sweden 
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groundwater. Under favorable geological conditions, the measurements are not ve
ry complicated, quickly made and inexpensive. It must be pointed out, however, 
that the results of this study are the first obtained in Sweden in order to loca
te saline groundwater, and some of the results are not yet properly verified. 
The different sites where the measurements of this study were carried out are 
shown in Fig. 1. 

THE VLF-RESISTIVITY TECHNIQUE 

The VLF-instrument including the attached resistivity device is mainly a radio 
receiver measuring the ratio and phase angle between the horizontal electric and 
magnetic fields of very low frequency radiowaves (15 - 20 kHz) transmitted from 
distant stations. The instrument is calibrated to read the resistivity directly. 
If the earth is of constan~ electrical conductivity down to the depth of penetra
tion the phase angle is 45 . If in a two-layer case the top la~er has lower resi
stivity than the bottom layer, the phase angle i0 less than 45 . If the situation 
is the opposite, the phase angle is more than 45 . The penetration depth depends 
on the measured resistivity and can be determined from a graph, supplied with the 
instrument. From other graphs the thickness of the upper layer, the resistivity 
of that layer and of the lower layer can be determined. One of these three para
meters must however be known (or almost correctly inferred). 
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Fig. 2. VLF-resistivity measurements were carried out in order to determine the 
depth to the interface between fresh and saline groundwater on an island 
constituting a part of the Enkoping esker in lake Malaren. 
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FOSSIL SALINE GROUNDWATER IN A PLEISTOCENE ESKER 

During the uplift of land after the latest glaciation, saline sea water has been 
trapped in different aquifers under certain geological and morphological condi
tions. 
About 70 km west of Stockholm a row of small islands in lake Malaren constitutes 
a part of the Enkoping esker. On one of the islands (Tallholmen) drilling for 
groundwater was undertaken by a Swedish consulting company (AIB). It was found 
out that underneath a fresh groundwater layer, about 10m thick, there is saline 
groundwater. This is shown in Fig. 2. 
The resistivity values of the sand and gravel above the groundwater table were 
obtained from Beam Slingram readingsl. The resistivity values below the ground
water table have been calculated from the chemical analyses of the groundwater. 
In the left part of Fig. 2 the geological setting constitutes a rather clear-cut 
two-layer case, with fresh groundwater on top of saline down to penetration depth. 
In this part the high phase angles indicate low resistivities below high resisti
vities, and the interpreted depths to the saline groundwater are in rather good 
agreement with the actual depths. In the right part of Fig. 2 the geological set
ting constitutes a multi-layer case. Down to penetration depth the geological se
quence is, from top: 1. dry sand and gravel, 2. sand and gravel with fresh ground
water, 3. ditto with saline groundwater, 4. Precambrian crystalline bedrock, pro
bably with saline groundwater (not shown in Fig. 2). It can be seen that the more 
pronounced the multi-layer case, the more difficult it is to make correct inter
pretations from the measured data. (At the right-most part of Fig. 2, the inter
preted depth to the saline groundwater more likely is the depth to the fresh 
groundwater table.) 

FOSSIL SALINE GROUNDWATER IN THE PRECAMBRIAN CRYSTALLINE BASEMENT 

At Ustervala, about 100 km north-north-west of Stockholm and about 40 km inland 
from the coast of the Bothnian Sea, two wells were drilled into the Precambrian 
basement for the supply of water to the municipality. One well 79 m deep yields 
fresh water and the other 69 m deep yields saline water. The wells are 1 km apart 
and are drilled in two different, almost parallel fracture zones. The geological 
setting at the two well sites is almost equal, see Fig. 3. 

Calculations made from the resistivity readings at A show that the resistivity p2 
of the second layer, the granite with fresh groundwater, is 30 000 ohm m. At A1 

the resistivity of the granite with saline groundwater is only 1 000 ohm m. Due 
to this large contrast in resistivity it probably is possible roughly to outline 
the borders of the saline groundwater body. 

In this context it can be mentioned that the total output from the two wells nver 
a ten year period is about 1 000 000 m3 of saline groundwater and 1 500 000 m3 of 
fresh groundwater, respectively. The chloride concentration has been almost con
stant in the two wells over this period of time. This indicates that the body of 
the trapped saline groundwater is rather large. 

THE SALINE - FRESH WATER BOUNDARY ON THE COAST OF THE BOTHNIAN SEA 

In order to test the VLF-resistivity method in connection with salt water intru
sion, a profile was measured from the shore of the Bothnian Sea to 20 km inland. 
This was done in the vicinity of Forsmark about 120 km north of Stockholm. The re
sults of these measurements are shown in Fig. 4. 

A moving electromagnetic source receiver instrument (9.8 kHz) calibrated for 
direct resistivity reading. 
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Fig. 3. Two wells supplying drinking water to the municipality of Ostervala. One 
well with low salinity, another with high. The resistivity of the gra
nite aquifer was in the first case _found to be normally high, in the se
cond case definitely lower than normal. 
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Fig. 4. A VLF-resistivity profile was measured from the shore of the Bothnian 
Sea and 20 km inland. Both resistivity and phase angle readings indicate 
saline groundwater a few hundred metres inland. 

The geological setting is the same in all the measured points: l - 3m of till 
on top of the Precambrian basement consisting of granites and metamorphic vol
canics. In Fig. 4 it can be seen that the resistivity rises from 100 ohm m close 
to the shore to roughly 5 000 ohm m a few hundred

0
metres inland (except two peaks 

and one low). The high phase angles (more than 45 ) close to the shore indicate 
the occurrence of saline groundwater within the depth of penetration. Somewhere 
around 200 m inland there is a sudden change in phase angle, where the values 
turn from high to low. This means that further inland there is no saline ground
water within the depth of penetration along this profile, and that contact with 
saline groundwater is lost at about 175m depth. Obviously this does not exclude 
saline groundwater at greater depth. 

Fig. 5 shows a map of Slingram (horizontal-loop electromagnetic survey, 18 kHz) 
measurements, from the area corresponding to the first l 000 m in Fig. 4. On 
this map the influence of the sea water can be seen to reach generally between 
100 and 150m inland except in certain north-south and northwest-southeast tren
ding zones, probably related to minor fracture zones. The penetration depth of 
the Slingram instrument is in this case about 80 m. 

Measurements with the Beam Slingram instrument recorded influence of the sea wa
ter between 25 and 50 m from the shore. The penetration depth of this instrument 
is usually about 6 m (perhaps in some cases about 10m). 
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Fig. 5. Slingram measurements have earlier been carried out in this area, corre
sponding to the first 1 000 m in Fig. 4. These measurements recorded sa
line groundwater generallylOO- 150m inland except in certain north
-south and northwest-southeast trending zones, probably related to frac
tures. 

Using these data the slope of the interface between saline and fresh groundwater 
can roughly be calculated to be something like what is shown in Fig. 6. However, 
the interface can be expected to be rather irregular due to the nature of the 
different fractures in this kind of aquifer. 
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Fig. 6. A rough estimate of the slope of the fresh water/saline water interface, 
interpreted from VLF-resistivity, Slingram and Beam Slingram readings. 

POLLUTION OF GROUNDWATER FROM A STORAGE OF SALT 

At Rasbo, about 70 km north of Stockholm, salt (NaCl and CaCl?) used for de
-iceing and anti-dusting on the roads has been stored for a f~w decades. The geo
logical setting is shown in Fig. 7a and b. 
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Fig. 7a. Section showing the geology and position of wells at a storage of salt 
at Rasbo. The salt has polluted the groundwater. 
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Fig. ?b. VLF-resistivity and phase angle readings at the storage of salt at Ru sbo. 

Concerning the pollution of the wells, the two dug wells had a very high content 
of cloride (between 1 800 and 1 900 mg/1 Cl-) during some time before they were 
abandoned. Today only the drilled wells are being used. As a consequence of this, 
the northern one of the dug wells no longer yields saline groundwater but is now 
in a position of fresh groundwater flow towards the drilled wells. The salinity 
of this well is now 96 mg/1 Cl-, while the salinity of the southern one of the 
dug wells still is 1 800 mg/1 Cl-, the latter one still being in a position of 
polluted groundwater flow. The drilled wells are more or less polluted, but the 
main part of the groundwater probably derives from deeper and larger fractures 
conducting fresh groundwater , see Fig. 7a . 

The VLF-resistivity readings are shown in Fig. 7b. Resistivity values lower than 
4 000 ohm m can in this case be considered to be influenced by salt pollution. 
It can be seen that the polluted area is something like 200 by 300m (although 
the distribution of polluted groundwater below the southern clay area is rather 
unknown). The phase angle readings are not very helpful in this case since this 
is a multi-layer case down to penetration depths, ranging from 45 to c. 200 m 
within the polluted area. 

In Fig. 7c the Beam Slingram resistivity readings are shown. Since the penetra
tion depth of the Beam Sl ingram is of the same order as the thickness of the .ti 11 
and the clay, and, this overburden being more polluted than the bedrock, the rea
dings of the Beam Slingram measurements can be expected to be more accurate for 
outlining the borders of the salt pollution. Resistivities lower than 800 ohm m 
measured with this instrument in the till area can be considered to be influen
ced by salt pollution. Comparing Fig. 7b and cone can see that the polluted area 
shown by the Beam Slingram measurements is somewhat larger than what is shown 
by VLF-resistivity measurements. 
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Fig. 7c. Beam Slingram readings at the storage of salt at Rasbo. 

In order to protect the wells, salt is not going to be stored at this place 
any more. 

CONCLUSIONS 

This study has shown that when the VLF-resistivity technique is used it is neces
sary to have some knowledge of the geology including groundwater conditions in 
the measured area down to penetration depth, in order to make correct interpre
tations of the readings. Supporting information can rather easily be gained by 
other electromagnetic measurements in the same frequency interval (10-20kHz). 
The obtained depth and resistivity values are often not completely exact due to 
the geological conditions not being as uniform and simple as one often tends to 
think they are. But mostly they are good enough for approximate estimations. 

The VLF-resistivity measurements are more useful in pure one- or two-layer cases, 
but important information on the apparent resistivity in multi-layer cases can 
often be obtained. 

REFERENCES 

Allmanna Ingenjorsbyran AB (AlB), 1974: Report (in Swedish) on groundwater 
prospecting for the municipality of Enkoping. Not published. 

De Geer, J., 1981: Personal communication on the Ostervala case. 

Eriksson, L., 1974: Elektriska och magnetiska metoder for pavisande av svaghets
zoner i berg. Stiftelsen bergteknisk forskning. Bergmekanikdag. 



100 

MUllern, c.-F., 1979: Grundvattenprospektering med radiovagor- VLF- och Rama
matningar. Vannet i Norden Nr 1, 1979: also in SGU Rapporter och 
meddelanden nr 14. 

MUllern, c.-F. and Eriksson, L., 1979: VLF-matningar for prospektering efter 
grundvatten i berg. STU-rapport 78-3694. 

MUllern, C.-F., 1980: Airborne geophysical measurements used for hydrogeologi
cal mapping. 6th Nordic Hydrologic Conference. 


