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INTRODUCTION
Geogenic NaCl-salinization is a widespread problem in the utilized pore water aquifers in North
Germany (GRUBE et al. 2000). Many public water works are affected by salinization, a number of
them had to be shut down mainly because of the influence of geogenic salt water. The present paper
illustrates a case study on a projected water work in Brandenburg in Northern Germany with a
Pleistocene aquifer. Its emphasis is laid on the combination of a 3-D-groundwatermodel (flow and
transport) and hydrogeochemical investigations (mainly use of the „genesis model of the Geological
Survey Brandenburg (LGRB)“).
The site for the project is a projected water work in Brandenburg that has been investigated in view of
the endangerment through upconing of geogenic saltwater by means of groundwater models and
geochemical studies. The site is typical for the hydrogeological setting in Brandenburg. The recent
project work has its roots in a former project that was carried out by the Technical University HamburgHarburg (Inst. for Water Management and Water Supply) for the State Authority for Environment
Brandenburg (LUAB). The numeric model Großbeuthen constructed for the LUAB by a working group
(ARBEITSGRUPPE GRUNDWASSERVERSALZUNG GROSSBEUTHEN 1999) was further
developed in the meantime.
The recent study was concentrated on the following questions and issues: (i) the distribution and origin
of the salt occurring salt waters, (ii) principal prognosis on the saltwater transport, (iii) time dependent
natural development of the salinization and maximum future pumping rates, (iv) pattern of the
salinization that possibly will occur when the pumping through the water work starts and (v) the
question whether modelling results and hydrochemical findings are to be linked?

GENERAL HYDROGEOLOGY
Hydrogeological Structure
The investigation area (Figure 1) is situated in the Teltow-Fläming area, south of Berlin/Potsdam. It
comprises an area of 100 km² and is part of the Nuthe hydraulic catchment area. The morphology is
characterized by the Teltow-highlands (40-45 m NN), remnants of high lying plateaus (Glauer,
Löwendorfer hills with >70 m NN) and the Nuthe valley (Ø 35 m NN). The surface of the investigation
area was formed during the Weichselian glaciation and afterwards altered by periglacial processes
and late glacial to Holocene valley forming (HERMSDORF 1995).
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The basis of the aquifer consists of tills of Elsterian and Holsteinian age. An upconing of salt waters
from deeper aquifers is assumed. The deeper underground shows a deep Pleistocene dorr (Figure 2)
that possibly is divided into different aquifers and aquitards, but the structure is hardly investigated by
drillings and only poorly investigated by geophysics. This NE-SW-trending Pleistocene dorr shows
depths of about -100 m NN in the Teltow-Plateau (Siethener Lake) and Löwendorf hills area cuts down
to -400 m NN at the Glauer Hills. It cuts through the Rupel clay (Eocene), which normally separates
the fresh water from the salt water beneath the clay (e. g. Zechstein). Geophysical soundings show
the Rupel clay at the basis (ca. -100 mNN) of a mighty tertiary-quaternary sediment sequence. Other
geological windows in the Rupel clay are proven east of Thyrow and in the area of the salt dome
Blankensee.

Figure 1 Study area with groundwater potentials, existing wells, model boundary and
geological profiles (partly after HERMSDORF 1998).

The Pleistocene aquifer has a thickness of about 50-70 meters. It can be divided into an upper and a
lower part by a regionally distributed aquitard (mainly tills of the Saalian). This aquitard is missing in
the vicinity of the well field, a large geological window in an area of about 2 kilometres width is
occurring in the central investigation area. The salinization dealt with in this study is mainly occurring
in the lower part and locally in the upper aquifer unit. The ground water flows from the recharge areas
on the neighbouring morphological higher areas into the Nuthe valley as exfiltration area. The main
mechanism for the upconing is the pressure reduction caused by the Nuthe River. The hydraulic
effects of the Nuthe River can be traced in the aquifer, despite the fact that the lower part of the
aquifer is mainly confined.
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Hydrogeochemical Situation
The salinization has been known for a long time (KALATZ 1976; MÜLLER 1988), especially in the
neighbouring area of Märkisch-Wilmersdorf). Here as well as in the lakes in the western part of the
investigation area salinization occurs in the surface waters. We find an areal distribution of salt waters
in the lower part of the main upper aquifer with concentrations reaching >2.000 mg/l. We also find
higher concentrations of salt water in aquifers below the well field.
The salinization might originate from the salt diapir Blankensee in the western part of the investigation
area. This diapir reaches up to about 80 meters below the surface and into the lower Pleistocene
aquifer systems, in this way very easy can act as a source for saltwater in the lower aquifers. The flow
of ground water in the upper aquifer is directed to the northwest and does not exactly fit into the
interpretation of the occurrence of salinization from the Blankensee diapir in the aquifer system. But
little is known about the flow direction in the underlying aquifers. In this the glacial tectonic situation
should be mentioned that comprises the area east of the diapir (Figure 1) and may lead to complicated
flow patterns.
On the other hand waters from the pre-Rupel might migrate into the lower aquifer, if the Rupel-clay
has been cut either by the upward movement of the diapir or the erosion in the areas of Pleistocene
dorrs (Figure 2).

Figure 2 Principal geological cross-section through the underground (partly after KNISPEL 1988) with possible
movement of salt water from pre-Eocene strata into shallow aquifers - one of the possible sources of salinization.
The investigation area is one of the restricted areas where the Rupel-clay that normally separates the fresh water
from the underlying salt water has been eroded during glaciation. The area modelled in the present case in the
upper part (referred to as upper aquifer system within the text).

DATA AND METHODOLOGY
General data
The study area is situated south of Berlin. It has an area scale of 110 km2, the height a.s.l. lies mainly
between +30 and +40 mNN with a maximum of +103 mNN. The precipitation varies between 520 and
540 mm/a, the groundwater recharge is comparably low (mean <100 mm, as conservative
consumption). 80 drillings with a mean depth of ca. 50 meters, 37 wells (few „multilevels“) and 9 river
measuring points were available.
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Groundwater models
Density dependent modelling
Saline intrusion models are difficult to handle, especially on specific settings with little accurate data.
For this reason and taking into account the low salt contents in the ground water it was thought that a
model without density compensation could be used to predict the possible salt water immigration into
the aquifer. Prerequisite for the usability of such a model is a verification, that density effects can be
neglected for the given concentrations and hydraulic conditions.
The finite-element numerical program SUTRA (VOSS 1984, VOSS & SOUZA 1987) was used in this
study. On the basis of the flow-/transport model specific vertical plains were chosen and simulated
using a 2-D model. After using a simple 2-D model with an inflow of salt at the central basis and an
outflow at the end (river), forcing the water to flow to the river Nuthe another 2-D model was
constructed which was representing the hydraulic system in Großbeuthen more precisely
(ARBEITSGRUPPE GRUNDWASSERVERSALZUNG GROSSBEUTHEN 1999).
Sensitivity studies on the density effect for a salt water upconing case were carried out using the betaversion of SUTRA-3D. The following effects were considered: concentration, dispersivity, anisotropy
and the relation base velocity/pumping rate. After the results density effects can be neglected for the
Großbeuthen case (c < 5.000 mg tds/l). Details are given in LANG (2001).

MODFLOW/MT3D model set up and parameters
The proposed waterwork is subjected to pump 3 106 m3/year (ca. 8.000 m3/d). Up to six existing wells
were used to simulate pumping scenarios. Additional alternative wells were simulated with the model.
As sources for salinization upconing pre-Rupel-waters or / and diapir solution were incorporated as
Cauchy boundaries at the base of the aquifer below and in the vicinity of the well field.
The geological model constructed for the area was based on a comparably good data basis in the
main aquifer. As a result of the data material the model was build up for the upper main aquifer only
(see Figure 2). PMWIN 4/5 (CHIANG & KINZELBACH 1991) on MODFLOW-basis (MCDONALD &
HARBAUGH 1988) and MT3D99 (ZHENG 1998) were used for the modelling. 8 layers were used: the
first and second for the unconfined part of the aquifer, the third for the regional aquitard, Layers 4, 5, 6
and 8 for the lower, mainly confined aquifer (well filters in layer 5), layer 7 as a partly distributed
aquitard and layer 8 a model layer (Cauchy boundary) only. One plan of piezometric data was used for
both lower and upper part of the aquifer because of a lack of multilevel wells. The data were checked
towards density effects (mean correction value 0,03 m, max. 0,50 m). The anisotropy was set to
kf,h/kf,v = 10, the effective porosity to 0,15. The permeabilities varied from about 5 x 10-4 m/s for the
aquifer to around 5 x 10-8 m/s for the aquitards. The recharge was between 250 and 20 mm/a. Five
existing wells were simulated as well as some alternative wells west of the Nuthe River.
The flow model was calibrated against the observed water levels (stationary), both single values and
the distribution of ground water potential isolines. Additionally mass flow measurements of the Nuthe
River were available. The use of Tritium-datings helped to validate the general flow. The site was
investigated towards future maximum pumping rates. A calibration of the transport model was only
possible by using the recent natural situation (salt concentrations in various wells) without major
withdrawals. Input values at the basis of the model (layer 7) ranged from 800 to 4.800 mg tds / l. The
runtime of the MT3D model was chosen to be 500 years, after finding a near steady state after around
250 to 300 years. A comparison between the hydrogeochemical finds – mainly derived from the
„genesis model of the Geological Survey Brandenburg“ – and the ground water models was
performed. In the comparison of natural variability of salt water upconing the recharge was changed
30% and 50% in both directions.
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Hydrochemistry
A normal statistical and expert interpretation of the hydrochemistry was performed. PIPER and other
graphical systems were used to classify the ground waters, different calculations were used to put a
light on similarities between “endmembers”. AQUACHEM (vers. 3.7; Waterloo Hydrogeologic, Ontario)
was used for this step of the investigation. The genesis model of the LGRB (RECHLIN 1997, 2000)
plots of gw-types according to solubility of ion-combinations in a type-diagram are possible. It is a semi
empirical model with affiliation of solution components to hypothetical salts. The model allows an
identification of hydrogeological system and origin of ground waters, independent from the absolute
concentration. A main advantage of the model is the restricted to main ions only: Cl, SO4, HCO3, NO3,
Na, K, Ca, NH4 and Mg (Figure 3). The model depends on very accurate water analysis (max. 1 %
deviation in ion-balance). Basics of the model were described by soviet salt geologists, trying to
understand genesis of salt deposits (VALJASCHKO 1961; see RECHLIN 2000). LEHMANN (1974,
see RECHLIN 2000) applied these basics to deep brines in North Germany. Finally RECHLIN (1997,
2000, in prep.) adopted an application of the genesis model to fresh waters in Brandenburg. Recent
studies hint at a general applicability on soft rock aquifers throughout Northern Germany. The genesis
model is a powerful tool to evaluate a salt water influence long before those would be identified by
conventional systems like PIPER-diagram.

Figure 3 Genesis Model of the LGRB with main groundwater types (RECHLIN, 1997, model from 2000).

Type 0:
Type 1:
Type 2:
Type 3:
Type 4:
Type 5:
Type 6:
Type 7:
Type 8:

Precipitation
percolating water below soil
young waters of recharge in the upper, not confined aquifer
young waters of recharge in the upper, unconfined aquifer from infiltration of rivers and lakes
waters below upper aquifer and in vicinity of geological windows in contact with upper, unconfined
aquifer
waters with longer circulation times in confined main aquifers
well protected waters in parts of aquifer with little hydraulic exchange and resulting little gw-circulation
(exchange waters)
very well protected, highly mineralized deeper ground waters, Rupel basis sands, Creataceous, Triassic
fossil, highly mineralized deeper ground waters from deeper aquifers, like Bunter and Zechstein
Table. 1 Ground water type represented in the Genesis model of the LGRB
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RESULTS
Influence of density effects
The calculations showed, that the source concentration has a major influence on the density effect.
Source concentrations of c0 ≤ 0,01 kg/kg (amounts to 10 g/l) shows a deviation of the calculated
concentrations in the upconing model neglecting the density effect of < 3 %. This applies to an
anisotropy of permeability of kfh/kfv = 2; higher values of anisotropy the density effects are even
smaller. In contrast the density effect in salt water from the oceans (around 35 g/l) the density effect is
considerable (deviation 15 %).
Higher dispersivity values generally lead to a reduction of density effect because of a stronger mixing.
In the model calculations the influence of the longitudinal dispersivity higher, as the z-components of
the transversal dispersivity was not altered (αTz = 0,1 m). Variations of the vertical component of
transversal dispersivity showed a massive influence on the salt water distribution. In contrast to
horizontal components this shows the importance of the concept of anisotropical dispersivity, because
in most practical cases very low transversal-vertical dispersivities are likely. Low values of the vertical
permeabilities reduces the salt water upconing and with this the effect of density effect. Anisotropies of
kfh/kfv = 5 and higher show a deviation neglecting the density effect in the scale of 3 %, when the
source concentration is lower than 0,02 kg/kg. The ratio of pumping to basic gw-flow QF/QH showed no
sensitivity regarding to density effects.

Density independent modelling
Natural variability of salt water migration and estimation of maximum pumping
rates
Principally the use of a flow and transport model (MODFLOW / MT3D) seems to produce realistic
predictions on the investigation site. The calculations with the present recharge evaluated during the
calibration, altered to minus 30/50% and a plus of 30/50% did not have a severe effect on the upward
movement of salt water. This probably is due to the occurrence of salt water in the mainly confined
deeper part of the aquifer and the model boundaries that are fixed at some sides. Later studies are
planned with a less limited model boundary.
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Figure 4 Salt-isoconcentrations pumping 5 x 2000 m3/d in two alternative wells
and the wells of the Großbeuthen well field (STEFFENS 2000).

The main mechanism for upconing is pressure reduction caused by Nuthe River in natural state and
future pumping. A calibration of the numerical model MODFLOW / MT3D was but only possible by a
calibration on the near natural situation without major withdrawals. The assumptions have to be
proven in the later pumping after opening the water work.
The first MT3D-model was set up as a worst-case model. The pumped water does contain a large
percentage of infiltration water from the Nuthe River (about 30%). This is in accordance with the
positioning of the wells to reduce the effects of salt water. The calculation of alternative positions of
wells did not have a severe positive effect because of a reduction of infiltration water from the Nuthe
(see above) and/or a higher percentage of salt water from deeper parts of the aquifer west of the
Nuthe River. The salinization of the future water work (Figure 4) can after the modelling results be
avoided pumping 8.000 m3/d in the existing well field (calibration hypothetical). Pumping scenarios of
up to 30000 m3/d lead to concentrations of up to 900 mg tds/l in the filter depths.
A second model (STEFFENS 2000) was build up with the intention to estimate the influence of the
geological model onto the distribution of salt water. The extension of the aquitard in layer 7 was varied
within acceptable limits. The source concentration was altered also. Obviously the geological model
plays an important role. As expected the salinization was less intensive. The pumping of 10.000 m3/d
showed no salinization of the well filed. Because the exact situation of the salt waters migrating from
deeper quaternary aquifers is unknown as well as the source concentrations further investigations are
necessary.
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Results of the hydrochemical investigations
General character of ground water
The normal groundwater is characterized by Ca and HCO3. Ca-HCO3-SO4-waters are also very
frequent (Figure 5). Besides that Ca-Na-HCO3, Ca-Na-HCO3-Cl and Na-Ca-Cl-HCO3-waters as well as
NaCl-waters occur. Chloride concentrations reach 2800 mg/l, the tds-values more than 5.000 mg/l.
SO4-concentrations reach >200 mg/l. The mean concentrations of ions are (80 samples): Cl: 150 mg/l,
SO4: 100 mg/l, tds: 650 mg/l, NaCl: 256 mg/l.
The highest concentrations of salt waters in the upper aquifer system were measured in the
northwestern part of the investigation area below the Nuthe River, which might be due to the
overriding effects of the large lakes that act as exfiltration areas. The salt concentrations in these lakes
are obviously higher than in normal lakes.

Figure 5 PIPER-diagram and Genesis model interpretation of the existing hydrochemical analysis.

Results of Genesis model of the LGRB
Ground waters of Type 2 are occurring in the Nuthe valley. Type 5 mainly occurs in the lower (mainly
confined) part of the aquifer in the area of the Teltow-Plateau, the Glauer hillsand the Nuthe valley.
Furthermore this type could be traced at the transit zone between the valley and the plateau. A mixing
type between Type 2 and 5 is Type 4. Type 4 is therefore used to trace geological windows. Ground
waters of type 6 generally occur in deeper aquifer parts (e.g. in dorrs) with reducing milieu. Typical
sodiumhydrogencarbonate exchange waters were traced at the basis of the upper aquifers system in
an area of low flow velocities. The observation well 108/86 shows a typical water of type 6 and can in
this way in the future be used as an indication well for salinization. Further on this type is typical for
ground waters in the uppermost unconfined aquifer in the vicinity of rivers and lakes that marks smallscale transit ways of the ground water in exfiltration areas with upward moving ground water. Another
occurrence of this water type is in groundwater with a Holocene sediments rich in organic matter, that
lead to reducing environment. Ground waters of type 7 are occurring in Pleistocene dorrs that cut
through the Rupel-clay. In these an intrusion of deeper and older salt water into the Pleistocene
aquifers is possible. Depending on the local hydrogeological structure of the system, these waters can
even reach low aquifers and surface waters, as in the present case. The salinization in deeper
aquifers below the well field is of that type (Figure 7). These waters were not directly traceable in the
upper aquifer. Dilution waters from the salt structure Blankensee are of the can type 8. As a result of
the structure of salt diapirs in North Germany with a gypsum body above the rock salt both chlorine
and sulphate waters can be differentiated in the investigation area.
An anthropogenic influence - detectable easily within the genesis model - can be traced in larger parts
of the aquifer. Even in aquifer parts below the Glauer hills (recharge areas) with its deep reaching
young ground waters an influence of sewage disposal / cementary influence can be recognized.
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Main issues mentioned above could be confirmed by Tritium dating carried out in a parallel study
(BEDNORZ 1999). These proofed young ground water of Type 2, ascending older ground waters in
the vicinity of the Nuthe River as exfiltration area where no Tritium was found.

Interpretation and comparison of hydrochemical and numerical model results /
Outlook
A comparison between the hydrogeochemical finds – mainly derived from the „genesis model of the
Geological Survey Brandenburg“ – and the ground water models showed a principal conformity
(Figure 6). The lack of data for deeper aquifers, which play a role in salt water transport (Figure 2),
limits the prognostic possibility of the numerical model. Principally the use of the non-densitydependent flow and transport model MODFLOW / MT3D without density has proved to produce
realistic predictions on the investigation site. These predictions can be enhanced clearly by the
hydrochemical investigations. Future investigations have to include detailed isotope analysis and the
evaluation of ground water flow patterns in lower aquifers.

Figure 6 Profile 1-1´ with interpretation of Genesis modell of the LGRB and a neighbouring cut trough the gwmodel (without surface morphology; circles mark 10-year intervals).
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Figure 7 Profile 2-2´ with interpretation of Genesis modell of the LGRB.
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