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SALTWATER MONITORING WITH LONG-ELECTRODE ELECTRICAL RESISTIVITY TOMOGRAPHY

MONITORING WÓD ZASOLONYCH PRZY U¯YCIU METODY TOMOGRAFII ELEKTROOPOROWEJ
D£UGICH ELEKTROD

THOMAS VOß1, MATHIAS RONCZKA2, THOMAS GÜNTHER2

Abstract. Since 2011 the German well logging company Bohrlochmessung – Storkow GmbH and the German Leibniz Institute for Ap-
plied Geophysics are engaged in the joint research project ‘SAMOLEG – Saltwater monitoring with long electrode geoelectrics’ (electrical
resistivity tomography – ERT), with a grant of the German Federal Ministry of Education and Research. The basic concept of SAMOLEG is
to use the existing networks of old steel-cased groundwater measuring wells as current injection and voltage electrodes for electrical resistivi-
ty tomography measurements in order to obtain deeper access to salt water bearing aquifers than with conventional surface ERT. Permanent
wiring of several old wells would give the opportunity to conduct cost-efficient ERT measurements for saltwater monitoring with a high tem-
poral sampling on sites that are threatened by saltwater rise due to anthropogenic (e.g. natural gas /CO2-storage, water production from wells)
or natural causes (e.g. decreasing precipitation due to climate change). First model tank and numerical modelling experiments reveal different
sensitivities of ‘equal-length’ and ‘unequal-length’ combinations of wells to rising or laterally inflowing saltwater. Field measurements on
a test site in Eastern Brandenburg with known groundwater salinization demonstrate the monitoring potential of the SAMOLEG concept.

Key words: electrical resistivity tomography (ERT), long electrodes, saltwater monitoring, environmental safety of CO2-storage, complete
electrode model.

Abstrakt. Od 2011 roku niemieckie przedsiêbiorstwo geofizyki otworowej Blm – Storkow GmbH wspólnie z Instytutem Leibniza ds.
Geofizyki Stosowanej s¹ zaanga¿owane w projekt badawczy pt. SAMOLEG – Monitorowanie zasolenia wód podziemnych za pomoc¹ elek-
trooporowej metody d³ugich elektrod” (tomografia elektrooporowa) – grant Niemieckiego Federalnego Ministerstwa Edukacji i Badañ Na-
ukowych. Zasadnicz¹ ide¹ projektu SAMOLEG jest wykorzystanie istniej¹cej sieci starych stalowych studni i piezometrów jako elektrod
pr¹dowych i pomiarowych w technice tomografii elektrooporowej, w celu dostêpu do g³êbszych zasolonych poziomów wodonoœnych, ni¿
mog³oby to mieæ miejsce bazuj¹c na konwencjonalnych powierzchniowych metodach elektrooporowych. Trwa³e okablowanie kilku studni
w wybranej sieci badawczej da³oby mo¿liwoœæ przeprowadzania czêstego niskonak³adowego monitoringu zasolenia wód w miejscach, które
z przyczyn antropogenicznych (np. magazynowanie gazu lub CO2, zintensyfikowane ujmowanie wód podziemnych) oraz naturalnych (np.
niewielkie opady atmosferyczne wywo³ane zmianami klimatycznymi) zagro¿one s¹ podniesieniem siê poziomu wód zasolonych.Pierwsze
badania laboratoryjne oraz modelowanie numeryczne ujawni³y zmienne czu³oœci kombinacji elektrod o równej i ró¿nej d³ugoœci wzglêdem
wznosu lub bocznego dop³ywu wód, natomiast pomiary terenowe we wschodniej Brandenburgii, na polu testowym o znanym zasoleniu wód
podziemnych, potwierdzi³y zak³adany potencja³ monitoringowy koncepcji SAMOLEG.

S³owa kluczowe: tomografia elektrooporowa, d³ugie elektrody, monitoring wód zasolonych, bezpieczeñstwo œrodowiskowe
magazynowania CO2, kompletny model elektrodowy.
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INTRODUCTION

A widely discussed possibility to reduce CO2 emission is
the caption of CO2 from the exhaust of its main industrial
producers and its subsequent storage in deep geological for-
mations, e.g. in depleted oil-/gas fields or salt water bearing
aquifers (CCS – Carbon Dioxide Capture and Storage). The
sedimentary North German Basin (NGB) with its numerous
salt pillows and diapirs has a high potential for CCS. A CO2

storage structure must be formed like a typical geological
trap with sealing layers above porous sedimentary rocks and
it must be deep enough (> ~800 m) in order to keep the CO2

in its volume saving “quasi-liquid” supercritical state. The
inflow of CO2 into the pore space of the storage rock can be
realised only by over-pressure against the saline pore water.
So, even if the storage structure is tight against the buoyant
force of the CO2, the overall increase of formation pressure
might cause saltwater to rise into higher, freshwater-bearing
aquifers. Due to natural and/or anthropogenic causes, in
many areas of the NGB the salt/-freshwater boundary lies al-

ready now close to the surface. This affects in some cases
even the production of water works, which have to take care
not to provoke a further rise of saltwater by too much pum-
ping from their wells. Therefore, the further development of
efficient saltwater monitoring methods that could be integra-
ted in an early warning system plays an important role for
environmentally safe geological CO2-storage.

In 2010 the German Federal Ministry of Education and
Research published the research call “Geological CO2-storage
– long-term safety” under the special research program “Geo-
technologien”. The small and medium-sized well logging
company “Bohrlochmessung – Storkow GmbH” together
with the Leibniz Institute for Applied Geophysics Hannover
could successfully apply for a grant from this program with
a joint research proposal that suggests the use of existing ne-
tworks of old steel-cased groundwater measuring wells as
long electrodes for cost-efficient electrical tomographic mo-
nitoring measurements.

GENERAL CONCEPT

The general concept of SAMOLEG is the utilization of
steel-cased groundwater wells as electrodes for ERT measu-
rements (see Fig. 1). A large number of steel-cased groun-
dwater measuring wells exists especially in the Eastern part
of Germany. Once built with high effort during hydrogeolo-
gical and lignite exploration campaigns they are nowadays
mostly not used anymore for periodical measurements. Whi-
le their technical suitability (tight casing joints, open filter
screen slots) for water sampling or piezometric measurements
is often unknown, long electrode ERT (Daily et al., 2004)
could be a mean to reuse this existing infrastructure.

Compared to ‘classical’ surface ERT measurements with
plugged point electrodes, SAMOLEG offers the advantages
of greater measuring depth with the same electrode separa-
tion, a “ready-installed” electrode layout, good electrode co-
upling to the underground and the possibility of in-electrode
water sampling for calibration purposes. The degree of cor-
rosion of the old casing pipes especially in salt water envi-
ronments should be checked beforehand by appropriate log-
ging methods (for example electromagnetic wall thickness
measurements or camera inspection) in order to assess the
effective coupling length of the casing correctly.

The SAMOLEG concept emphasizes the monitoring
aspect with focus on high temporal resolution which can be
efficiently realized by permanent wiring of groundwater
wells as long electrodes on a site with the threat of saltwater
rise. Of course, spatial resolution is low compared to surface
ERT with much smaller distances between the electrodes
(Rucker et al., 2010).
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Fig. 1. General concept of ERT measurements using old

steel-cased groundwater wells as current injection electrodes

(voltage measurements on steel-cased wells not included

in the figure)

Ogólne za³o¿enia metody elektrooporowej przy u¿yciu starych
stalowych studni g³êbinowych jako elektrod pr¹dowych (pomiar

potencja³u na stalowych studniach nie za³¹czone na rycinie)



FIRST MODELLING RESULTS

The behaviour of ‘long’ electrodes (‘long’ relative to elec-
trode separation) differs compared to ‘point’ electrodes, on
which bases the ‘classical’ theory, modelling and inversion of
surface ERT. The study of long electrodes must take into ac-
count the impact of the exact electrode geometry on spatial
current distribution as a function of varying coupling/ contact
resistance along the electrode body which can surrounded by

different geological layers or water with different salinization.
First model tank and numerical modelling experiments using
the complete electrode model (Rücker, Günther, 2011) (see
Fig. 2) were conducted to analyse long electrode sensitivity to
a freshwater/ saltwater boundary.

The evaluation of the first modelling results shows the
varying sensitivity of different sets of electrode lengths and
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Fig. 2. Numerical modeling the current density between two outer steel-cased wells used for current injection while the inner

wells are used for measuring the voltage

Numeryczne modelowanie gêstoœci pr¹du elektrycznego pomiêdzy dwoma zewnêtrznymi stalowymi studniami jako elektrodami pr¹do-
wymi (studnie wewnêtrzne s³u¿¹ jako elektrody pomiarowe)

Fig. 3. Numerical modelling of saltwater rise (10 Ohmm) into a freshwater bearing aquifer (100 Ohmm) and its impact on

the measured apparent resistivity with a Wenner and Dipole-Dipole array of four ‘equal-length’ steel-cased wells (100 m)

and an ‘unequal-length’ set of wells (100/50 m)

Numeryczne modelowanie podnoszenia siê wód zasolonych (10 Ohmm) w warstwie wodonoœnej wód s³odkich (100 Ohmm) i jego
wp³yw na mierzon¹ opornoœæ pozorn¹ w uk³adzie Wenner’a i Dipol-Dipol czterech równej d³ugoœci studni stalowych (100 m) oraz

zestawu studni o ró¿nej d³ugoœci (100/50 m)



arrays (e.g. Wenner, Dipole-Dipole) towards rising saltwa-
ter. An ‘unequal-length’ distribution with longer current in-
jection than voltage electrodes is more sensitive towards
a further rise of saltwater than an ‘equal-length’ set of elec-
trodes if the longer wells already reach into the saltwater be-
aring aquifer. If the saltwater has not reached the bottoms of
the wells yet an ‘equal-length’ set of electrodes (that in a way

shifts the ‘classic’ surface electrodes downwards) shows
better sensitivity to rising saltwater than ‘unequal-length’
combinations of saltwater (see Fig. 3). Dipole-dipole arrays
show higher sensitivity to a lateral inflow of saltwater while a
vertical rise is detected with a better sensitivity by the Wenner
array (see Fig. 4).

FIRST FIELD TESTS

A very suitable test site for SAMOLEG measurements
was found in the vicinity of the town Müllrose, close to the
Polish border in the central eastern part of the Brandenburg fe-
deral state. The test site covers an area of roughly 1.0 � 0.5 km
of woodland and possesses a rather simple, nearly one-di-
mensional near-surface geological structure. The upper 40 m
are made up from Pleistocene sand and gravels, which over-
lie approximately 50 m thick Miocene coal and silt layers.
This uncovered surface aquifer was the target of an intensive
hydrogeological exploration campaign that took place in the
years 1986/1987 in order to prove the suitability for building
a new water works for the town Frankfurt/Oder. During the
exploration salt water with NaCl concentrations up to
1000 mg/l was discovered in the upper aquifer. The salt con-
centration shows a heterogeneous lateral and vertical distri-
bution pattern. More than 40 single steel-cased groundwater
measuring and production test wells were built on the site
with depths ranging mostly from 5–40 m. Water samples of
one deeper well whose filter screen was placed in a depth of
100 m in the Miocene aquifer below the lignite / silt layer
show a comparatively low salinization of only 400 µS/cm.
This proves that the salt water does not migrate upwards
through cracks or erosion channels inside the silt / lignite but
rather flows horizontally from distant sources into the test
site. One well on the site is still periodically sampled by the

environmental agency of Brandenburg what allows the
direct calibration of the ERT monitoring data. The chemical
analysis of these water samples proves a high temporal va-
riability of the depth of the fresh/salt water boundary on the
test site which presumably depends strongly on annual preci-
pitation and infiltration rates.

The high density of steel-cased wells, the heterogeneous
distribution of salt water and a dynamic variation of salt con-
centration as indicated by the periodic sampling make the
site ideally suited to evaluate the monitoring potential of the
SAMOLEG method. In November 2012 both ‘classical’ pro-
filing and long electrode ERT measurements were carried
out on the site. A sensitivity analysis with the complete elec-
trode model (Rücker, Günther, 2011) was carried out before-
hand in order to distinguish between promising and non-pro-
mising electrode current injection and voltage measuring
combinations. Some surface electrodes were added in order
to obtain a more evenly distributed electrode network over
the site’s surface (see Fig. 5).

The inversion of the measuring data using the BERT soft-
ware (Günther et al., 2006) on a triangular prism mesh
shows some lateral variation of resistivity which can be
directly linked to the ‘stream-like’ inflow of saltwater over
the underlying silt / lignite layers (see Fig. 6). Surprisingly,
even some degree of vertical resolution could be obtained
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Fig. 4. Numerical modelling of lateral saltwater inflow (10 Ohmm) into a freshwater bearing aquifer (100 Ohmm) and its impact

on the, measured apparent resistivity with a Wenner and Dipole-Dipole array of four ‘equal-length’ steel-cased wells (100 m)

Numeryczne modelowanie bocznego dop³ywu wód zasolonych (10 Ohmm) do warstwy wodonoœnej wód s³odkich (100 Ohmm)
i jego wp³yw na mierzon¹ opornoœæ pozorn¹ w uk³adzie Wenner’a i Dipol-Dipol czterech równej d³ugoœci studni stalowych (100 m)



from the data, likely because the used long electrodes had
varying lengths and some surface electrodes were added. It
is planned to permanently wire the wells on the site and to
perform periodical measurements in 2013 and 2014 combined

with water sampling from some of the wells in order to mo-
nitor dynamic variations of the salt water concentration and
distribution.
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Fig. 6. Inversion results of first SAMOLEG measurements on the Müllrose test site in combination with ‘classical’ surface

2D-ERT profiles. The steel-cased boreholes used for current injection and voltage measurements are drawn as grey cuboids

indicating their depths

Wyniki inwersji pierwszych pomiarów metod¹ SAMOLEG na polu testowym Müllrose w po³¹czeniu z profilami konwencjonalnej
dwuwymiarowej tomografii elektrooporowej. Stalowe otwory u¿yte jako elektrody pr¹dowe i pomiarowe zaznaczone s¹ jako szare

prostopad³oœciany wskazuj¹ce ich g³êbokoœæ

Fig. 5. Distribution of steel-cased groundwater wells (BH) and surface electrodes (S) used for ERT measurements

on the test site Müllrose

Rozstaw stalowych studni g³êbinowych (BH) i elektrod powierzchniowych (S) u¿ytych podczas tomografii elektrooporowej
na polu testowym Müllrose



SUMMARY AND CONCLUSIONS

With the currently running research project SAMOLEG,
which is granted by the German Federal Ministry of Educa-
tion and Research, the project partners Bohrlochmessung –
Storkow GmbH and Leibniz Institute for Applied Geophysics
are evaluating the potential of old steel-cased groundwater
measuring wells to serve as electrodes for monitoring salt-
water intrusion in freshwater bearing aquifers using ERT.
First laboratory and numerical modelling using the complete
electrode model (Rücker, Günther, 2011) reveals that the
sensitivity of long electrodes to detect rising saltwater stron-
gly depends on electrode array configuration, overall elec-

trode length in relation to saltwater depth and electrode sepa-
ration as well as the length difference between single electro-
des used for current injection and voltage measurements. ‘Un-
equal-length’ electrode length combinations (i.e. groundwater
measuring wells with varying depths) seem to have best sensi-
tivity when saltwater already reached the bottom of the deeper
wells. First field measurements on a test site in Eastern Bran-
denburg with a known shallow saltwater intrusion and a high
density of steel-cased wells demonstrated the imaging poten-
tial of the method.
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STRESZCZENIE

Monitorowanie zasolenia wód podziemnych na wiê-
kszych obszarach przy zastosowaniu wy³¹cznie otworowych
metod geofizycznych jest zbyt kosztowne. Idealne by³oby
po³¹czenie metod powierzchniowych o ma³ej rozdzielczoœci,
daj¹cych mo¿liwoœæ szybkiego pomiaru obszarów wielko-
powierzchniowych, z uszczegó³owiaj¹cymi pomiarami
w odwiertach o wysokiej rozdzielczoœci pionowej. Poprzez
cykliczn¹ powtarzalnoœæ pomiarów mo¿na w ten sposób od-
graniczyæ obszary, w których dochodzi do zmian mineraliza-
cji wód podziemnych. Na tych obszarach mog¹ wówczas zo-
staæ zainstalowane punkty pomiarowe, które za pomoc¹
otworowych technik monitoringowych (m.in. profilowania
indukcyjnego PI) oraz poboru próbek wody, bêd¹ dok³adniej
kontrolowane. Sprawdzon¹ powierzchniow¹ metod¹ geofi-
zyczn¹ do okreœlania opornoœci elektrycznej gruntu jest me-
toda elektrooporwa. Jednak podczas monitoringu zasolenia
wód podziemnych przy g³êbokoœciach ok. 200–300 m, kla-
syczne uk³ady pomiarowe musia³yby charakteryzowaæ siê
rozstawem rzêdu 1200–2000 m, co powa¿nie utrudni³oby
praktyczne zastosowanie metody w wymagaj¹cym terenie.
Ponadto, wraz z g³êbokoœci¹ znacznie spada czu³oœæ meto-
dy, tj. jej zdolnoœæ do rejestracji zmian opornoœci. Jednym ze
sposobów uzyskania wiêkszej g³êbokoœci pomiaru przy jed-
noczesnym ma³ym nak³adzie, jest zastosowanie tzw. d³ugich
elektrod, siêgaj¹cych do monitorowanych warstw wodonoœ-
nych. Takimi d³ugimi elektrodami mog¹ byæ zarurowane

otwory hydrogeologiczne, stalowe piezometry oraz studnie
g³êbinowe. Do tego celu mog¹ pos³u¿yæ tak¿e inne podziem-
ne przewodniki, jak np. ruroci¹gi wody pitnej i prze-
mys³owej, rury ok³adzinowe w odwiertach eksploatacyjnych
ropy naftowej i gazu ziemnego, prêty uziemiaj¹ce, stalowe
œciany oporowe, grodzie, itp. Bior¹c pod uwagê wp³yw bu-
dowy geologicznej danego obszaru, opór elektryczny by³by
miar¹ zasolenia wody w warstwie wodonoœnej miêdzy stud-
ni¹ a piezometrem. Dziêki systematycznym pomiarom mo-
¿na by w ten sposób uzyskaæ informacje o zmianie minerali-
zacji wód podziemnych w funkcji czasu.

G³ównym celem proponowanego projektu badawczego
jest opracowanie systemu monitoringu, który okreœli opty-
maln¹ równowagê pomiêdzy niezbêdn¹ rozdzielczoœci¹
przestrzenno-czasow¹ a nak³adami finansowo-logistyczny-
mi. Pierwsze pomiary terenowe we wschodniej Brandenbur-
gii na polu testowym o znanej, p³ytko zalegaj¹cej intruzji
wód zasolonych oraz gêstej sieci stalowych studni i piezome-
trów potwierdzi³y zak³adany potencja³ metody. Natomiast
badania laboratoryjne oraz modelowanie numeryczne przy
u¿yciu kompletnego modelu elektrodowego ujawniaj¹, ¿e
czu³oœæ d³ugich elektrod do wykrycia podnosz¹cej siê grani-
cy wód zasolonych znacznie zale¿y od konfiguracji rozsta-
wu, d³ugoœci elektrod oraz odleg³oœci pomiêdzy poszcze-
gólnymi elektrodami.
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