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ASSESSMENT OF THE FLOW REGIME 'OF FRESH AND 
SALINAR GROUND WATERS IN THE SEDIMENTARY 
COVER OF A SALT DOME - PROBLEMS AND METHODS 

by G. Delisle, K. Schelkes1 

The hydrogeology of an area of app. 400 km
2 in Lower Saxony, 

overlying a salt dome, is currently under intense investigation. 
Fresh and with depth increasingly salinar ground waters, which in 
some places interfinger, form a complex ground water flow pattern. 
Some investigational methods to measure vital data concerning the 
pressure and flow field of the ground water are discussed. Based 
on an idealised model, heat and mass transport by ground water 
flow is considered. Special attention is paid for natural con
vection phenomena within aquifers. 

INTRODUCTION 

The hydrogeological situation in a region, covering app. 400 km2 , 
located at the eastern border of Lower Saxony/W. Germany between 
the villages Ltichow, Gorlebe~ and Schnackenburg is currently 
under intense investigation. At more than 110 locations, about 
300 piezometers (1 to 5 at any location depending on the number 
of penetrated aquifers) have been installed. 
Regional ground water flow is influenced by several factors: 
An underlying salt dome causes the observed high salinities in 
deeper aquifers. Mass transport (salt) as well as heat transport 
(locally increased terrestrial heat flow due to the high thermal 
conductivity of the evaporites) effect to some extent the ground 
water flow pattern in the overlying aquifers. The development 
of a subglacial channel, now filled with permeable quaternary 
sandy material, during the Elster ice age has removed portions of 
the cap rock of the salt dome. Halokinetic processes have up
warped formerly horizontally layered tertiary sediments. The 
latter two processes have created a rather complex hydrogeological 
situation, which is characterised by a high variability of 
permeability of the sediments in lateral as well as vertical 
direction. The flow pattern of ground water is affected accor
dingly. 
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STATEMENT OF PROBLEM 

As the salt dome in question (Gorleben) is a candidate site for 
burial of nuclear wastes, it is of special interst to assess the 
velocity field of ground water as accurately as possible. In this 
context, not only fresh water aquifers but also horizons with 
salinar water are to be considered. Only after identification of all 
essential flow components an e~timate on the consequence of poten
tial failure of the salt dome as a natural barrier to migration 
of radioactive materials can be carried out. 
It is, therefore, essential to understand the nature and the rate 
of mass transport (salt) from salinar into fresh ground waters. 
Diffusive, dispersive and convective processes need to be consi
dered. The question, if and in what period of time a quasi - steady 
state between dissolution of salt at the interface salt dome - sedi
mentary cover and the mass transport by ground waters to the sur
face can be reached, is equally important. The paper below will 
concentrate on both questions. However, no final answers will be 
proposed, the points to be discussed resemble rather a selection 
of considerations, which have been discussed by those workers, 
which are involved in this project. 

THE REGIONAL GEOLOGY 

The major features, which might influence ground water flow in the 
area under study, will be discussed briefly below. 

THE SALT DOME 

The salt structure is trending in a southwest - northeasterly 
orientation across the study area. Its outline is shown in Figure 1. 
The length of the dome from the southwestern tip to the Elbe 
river totals 15 km, its greatest width amounts to 4 km. Today it 
is covered by a sedimentary layer ranging from 2oom to 300 m in 
thickness. 
The high thermal conductivity of the evaporites cause a local 
increase of terrestrial heat flow over the dome. In interpreting 
thermal logs from observational bore holes, the influence of the 
salt structure on the regional temperature field in the subsurface 
has to be taken into account in appropriate fashion. A quanti-
tative assessment of the thermal effects of the dome on the rock 
temperatures in the surrounding non-salt sediments can be found in 
Delisle (1980). In Figure 2, which shows rock temperatures at a 
depth of 150m below mean sea level (MSL), the close interrela
tionship between the temperature increase and the shape of the 
dome is clearly demonstrated. The observed thermal anomalies at 
the center of the structure will be interpreted below in context 
with the discussion of regional ground water flow. The salt structure 
is surrounded by salinar ground waters. In general, only the upper
most aquifer carries fresh water. 

THE SUBGLACIAL CHANNEL 

A subglacial channel from the Elster ice age crosses in north -
south direction the salt dome. At the central portion of the 
dome, the channel splits into two parts, whereby the less intensely 
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developed branch is diverted into anorientation parallel to the 
trend of the salt structure. The position of the channels with 
respect to the dome and the depth contour lines are shown in 
Figure 1 as well. 2 Over an area of more than 8 km permeable quaternary sediments 
rest on the salt structure itself. A hydraulic contact between 
the ground water and the salt dome, therefore, exists. 
Today, the distribution of fresh and salinar waters at shallow 
depth is apparently controlled by hydraulic interaction and the 
diffusive processes within or in the vicinity of the subglacial 
channel system. 

THE SEDIMENTS 

The salt dome is covered by tertiary and quaternary sediments. 
During the tertiary period, sediments of maritime origin, mainly 
clays and sands were deposited, At the same time, due to upward 
movement of the salt dome, erosion over the salt structure and 
development of elongated basins next to the dome flanks did occur. 
Several glacial stages since the lower pleistocene and inter
mittent warm epochs caused cycles of erosion and redeposition. 
Sediments are now mainly of glacial and fluviatile character. 
Sands, marls and loam, to a lesser extent clays, were deposited. 
Due to erosional and depositional cycle~ no well definedaquifers 
bounded by low permeability layers could develop. Typically, clayey 
or marly layers of limited lateral extent are interspersed within 
the quaternary sands. {see also Figure 3). 
A detailed description of the sedimentary cover of the salt 
dome, from which the details above were extracted, can be found 
in Vierhuff et al. (1981 ). 

METHODS TO ASSESS THE CHARACTEROFTHE FLOW FIELD 

Several methods, which have or will be tried to collect the 
necessary data for definition of the regional hydraulic potential, 
are discussed below. 

SHALLOW GROUND WATER MOVEMENT 

To obtain a first impression of the flow pattern of the shallow 
ground water, qualitative methods will be shortly discussed. 
Piezometric data from the uppermost aquifer down to a depth of 
25 m below surface - in general sandy layers - were summarized in 
a map {Schelkes, 1981) as shown in Figure 4. The flow direction 
of these fresh - in a few cases slightly salinar ~ ground waters 
can be read off directly. The numbers on the lines shown indicate 
the height of the ground water table above MSL in m. 
The flow potential is controlled by 
a) the ground water regeneration rate, which amounts at the ele

vated regions (central portion of the map) to app. 100 mm/a 
b) the ground water discharge area, defined by the surrounding 

lowlands. 
For the two in the map indicated flow directions, making use of 
the obseved g1draulic gradient and an estimate of the permea
bility of 10 Darcy,pore velocity can be calculated to lie in the 
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range between 10 - 15 m/a. 
Due to the complicated geologic, hydraulic and hydrochemical 
conditions, this type of consideration cannot be extended 
readily to deeper levels. Here, data concerning the thermal 
and salinar (density) field as well as age dating methods 
offer indirect pathstoward a qualitative assessment of the 
actual flow patterns and velocities at depth. 

THE TEMPERATURE FIELD 

From all temperature logs measured in the observational bore 
holes, the temperature field of subsurface can be reconstructed 
with good accuracy. The thermal effects of the increased heat 
flow caused by the dome structure need to be subtracted from 
the observed temperature field. The remaining temperature field 
can then be analysed for anomalies, which are caused by convective 
heat transport. 
The analysis can be carried out in a twofold fashion: 
As shown in Figure 3, from a projection of the temperature field 
into a vertical cut through the subsurface, large scale effects 
of the ground water velocities on the subsurface temperatures, 
as indicated by the distortions of isotherms, can readily be 
recognised. Descending cold ground water originating from the 
nearby regeneration area cause a distinct cooling effect in the 
sediments over the subglacial channel. The areal extent of this 
negative thermal anomaly can be read off from Figure 2. From 
both figures it appears that this anomaly is closely connected 
with the general trend of the subglacial channel. 
The positive anomaly at the western tip of the dome (Figure 2) 
has tentatively been interpreted as a result of upwelling waters 
within a tertiary formation. The second positive anomaly at the 
northern edge of the central portion of the salt dome is caused 
by upwelling waters in quaternary layers. Low rock temperatures 
immediately north of the dome are appearently associated with 
a ground water regeneration area ( see also Delisle 1981 b). 
To identify much slower flow components, which have only a minor 
effect on the trend of isotherms, another concept to interprete 
temperature data can be Rsed. This method will briefly be dis
cussed using again the igformat~on contained in Figure 3. As 
one might notice, the 18 C - 21 C Isotherms seem to be unaffected 
by ground water flow. However, their trend forms a slight angle 
with the horizontal plane suggesting a minor upward component 
of fluid flow toward the right hand side. A criterion is needed 
to distinguish between convective heat transport and small vari
ations in the temperature field caused by lateral variations of the 
thermal conductivity distribution within the sediments. In Delisle 
(1"981 a) a method is described, by which the predetermined terrest
rial heat flow along each bore hole is divided by the measured 
temperature gradients of each sedimentary layer. One obtains for 
each subformation a set of apparent thermal conductivity values. 
If one of them differs significantly from the average value, 
a convective heat transport component is suggested. In the case 
mentioned here, it a ppears that the course of the isotherms is 
mainly controlled by the local thermal conductivity distribution 
and, additionally, by the thermal effect of the sloping, poorly 
conducting tertiary sediments at the channel flanks. 
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DENSITY DISTRIBUTION 

A qualitative assessment of ground water flow can as well be 
derived from the fluid density distribution at depth. Of special 
interest is the area of the sedimentary fill of the subglacial 
channel, which represents the hydraulic contact between ground 
water and the salt structure. For this reason,_this area h~s been 
subdivided into three sections( Figure 5). For each section, the 
density distribution in a vertical cut ( indicated by broken lines 
in Figure 5) across the subglacial channel has been constructed 
( Figures 6 - 8). 
Density values, which have been obtained by analysis of water 
samples drawn from the various filters, have been projected into 
these cross sections. The outline of the quaternary base is indi
cated as well. Whereas it reaches the salt structure at its 
deepest points, it is flanked at both sides by clays, which are 
interspersed locally with permeable sandy layers of tertiary age. 
Figure 6 shows the profile in section I. The salinity in the 
deepest portion of the channel is relatively low as compared to 
the same depth level in Figure 7 (section II). ~00 m below MSL, 
the density increases from a value of 1050 kg/m (profile I) to 
1150 kg/m3 (profile II). The 1050kg/m3 contour line raises, there
fore, over a distance of 1,4 km by approximately 50 m. 
Even more important, in profile II we find a local interfingering 
effect of frffihand salinar waters. Two interpretations seem to 
be applicable: 
- A strong horizontal flow component of fresh water is bounded 

on the western flank by a weak component of upward flowing 
salinar waters, whereby the actual boundary between both flow 
regimes seems to be controlled mainly by the local permeability 
distribution. 

- It appears possible that a salinar water body at shallow depth 
was maintained by a different flow regime at earlier times 
(conceivably during a time interval between the last two ice 
ages). This body will eventually decay due to diffusive and 
convective mass transport (non-steady state). 

This shallow salinar water body seems to be rather old accordin~ to 
the results of age dating measurements (Moser, priv. comm. 1981). 
The density distribution in section III, as seen in Figure 8, 
shows a similar situation as section II. No fresh water, however, 
is overlain by salt water bodies. 
Finally, the density - depth relation (Figure 9) was deduced from 
the data plotted in Figure 7 and 8. All values, except the three 
points of the above mentioned abnormal shallow salinar fluid body, 
lie on one curve. The transition from fresh water to highly con
centrated fluid appears to be rather sharp and seemingly inde
pendent from the geologic situation. Undoubtedly, however, does 
the inclusion of clayey and marly layers in the depth range from 
100 m to 200 m below MSL influence the position of this interface. 

QUANTITATIVE DERIVATION OF FLOW FIELD AT DEPTH FROM THE DENSITY 
DATA 
A northward directed flow component of fresh or slightly salinar 
waters appearently reach at a depth interval from 0-200 m the 
boundary of the salt dome (section I). At depth, this flow is in 
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contact with a highly concentrated fluid body, which has been 
created by dissolution processes probably along the subglacial 
channel. In the area of segment II and III a salt water strati
fication was formed. The highly concentrated fluids appearently 
experience very little movement, as results of age dating measure
ments have shown. This high density body is overflown by low 
salinity waters. 

PRESSURE FIELD 

It is attempted to approximate fluid velocity values in close 
agreement to a concept presented by van Dam (1977) by 
- use of Darcy's law 
- pressure and density values measured in the observational 

bore holes 
- hydrogeological data. 
Samples collected in filters yield density data. 
Pressure heads ought to be derived from piezometric measure
ments. This procedure is applicable, if by sufficient pumping 
from the filtered bore hole sections a constant density profile has 
been reached in each bore hole. For not well understood reasons, 
water leaks through pipes, therefore, a constant density or 
salinity profile cannot be maintained.in most bore holes. Figure 10 
shows anelectrical conductivity profile, which was obtained in 
many wells in similar fashion at some time after the pumping 
procedure. For this reason, alternative methods to measure pressure 
at depth are being tried. 
a) In cooperation with a private company, a sonde has been developed 

to measure conductivities up to app. 250 mS/cm.(close to satu
ration of water by salt). Values are measured with an accuracy 
of 1% - 2%. From the measured conductivity profile in the bore 
hole an average density will be calculated. Thepressure acting 
in the filter area can then accordingly be determined. 

b) A system is under development, which consists of the following 
components: two open-ended tubes filled with fluids of different 
specific density are lowered into the filter area. The other 
ends of the tubes are connected to a highly sensitive pressure 
transducer. Pressure in both tubes are measured at the surface. 
From both measurements and the known compensating effects of the 
fluid columns in the t~bes both the absolute pressure and the 
depth of measurement can be determined. 

c) A temperature compensated pressure transducer with an accuracy 
(absolute) of 5 mbar under a water column of 300 m will be 
employed. 

MODEL CALCULATIONS 

Models have been considered to investigate the influence of i.e. 
neglecting the true density profile or the use of kf-values, even 
if density changes in the water column are known, on the calcula-
ted flow rate. Figure 11 shows a model profil with vertical per
meabilities, an assumed density profile as well as pressure profiles, 
which are the result of an imposed vertical ground water movement 
of 1 em/a or 5 em/a. It was noted that the use of kf-Values can 
lead to errors of up to 20% by the determination of flow velocity, 
as long as the true density profile is used. However, if the 
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density profile is linearised between two filters, from which true 
density values are known, the error cannot only increase signifi
cantly but also might reverse the actual flow direction. 
The implications of these deliberations have led to attempts by BGR, 
to determine the density profile of fluids in the neighbourhood of 
the wells as accurately as possible. The density of formation 
waters can be calculated from electrical conductivity. The conduc
tivity depth function has to be derived first from geophysical 
well logs. 
With the aid of a refined laminated shale model formulas to calcu
late the conductivity of ground waters using parameters from 
gamma-ray, focussed-electric, caliper and density logs were ob
tained. The equations contain rock specific parameters, which must 
be determined empirically. This is made possible by the use of i.e. 
the measured conductivity values of drawn water samples or the 
analysis of drill cores. 
Figure 12 shows - conductivities have been converted into ~densi
ties" - as a first result the density profile in the subsurface 
around one piezometer group ( 3 piezometers ). Fresh water over
lies salt water, whereby a rather sharp transitional zone is 
located within a sandy layer from 70m to 120m below MSL. For this 
piezometer group the vertical flow component using the Darcy 
relation has been calculated. For the period of Nov. 1980 an up
ward movement of ~ 1 em/a in the upper portion, a downward motion 
of ~1 em/a in the lower portion of this profile was obtained. 
More accurate data will be presented as soon as the true distri
bution of k-values are available. 

NUMERICAL MODELS 

Independently from the actual field observations, it is consi
dered to be worthwhile to simulate the naturally occurring mass 
and heat transport phenomena by computer codes. Boundary condi
tions and material parameters are chosen such ·that they repre
sent to a first approximation the field conditions. 
The models presented here serve a twofold purpose: 
~ The time dependence of processes occurring, as a salt - fresh 

water system is carried from one quasi - steady state into 
another (due to i.e. a changing ground water flow pattern), 
needs tobe understood. 

- Very slow movements of seemingly motionless fluids in aquifers 
can often not be detected by measurement of hydraulic heads. 
Lateral temperature gradients i.e. may, however, cause very low 
velocities, which might over time introduce mass transport 
capable to alter noticeably the salinity field. (These pro
cesses ought to be considered as well as i.e. age dating methods 
are applied.) 

GOVERNING EQUATIONS AND BOUNDARY CONDITIONS 

Boundary conditions and equations, which are common to all models 
presented below, are outlined in this section. 
The simplified governing equations are: 
equation of continuity 

oUv(~·v)=O ( 1 ) 
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Darcy's law 

(2) 

heat transport equation 

f\- O·C 
~- !. - T- s 'WQ,ter (v) sra cL T > = 0. il T (3) 
'd t. f · Cs~-.t~""' 

mass transport equation 

~ + 1p ( V 1 3racL C f = cL 6C 
P=pressure 
T=temperature 
C=concentration 
d=hydrodynamic dispersion 
~=porosity 

_?=density 

a=heat conductivity 
.gc=specific heat capacity 

v=velocity 
g=gravitational constant 
k=permeability 

,fo=viscosity 

(4) 

All model calculations are performed for a vertical cut (x-z) 
across a system of aquifers, which are bounded at the lower 
border by impermeable rocks (vz=O). On the lateral boundaries, 
horizontal flow components vx are set to zero. The pressure as 
a function of x at the upper boundary is maintained constant. 
Correspondingly, temperatures at the upper and lower boundary are 
constant, heat flow q across lateral boundaries is· assumed to 
be ~=0. 
The temperature dependent density and viscosity of fresh water has 
been approximated by the following polynomials: 

g(T)=1,000065 + 2,67707 E-5 x T- 6,01562 E-6 x T2(g/cm3) (5) 

~(T)=1,002+(20- T) x 0,0298 (Bars) (6) 

Density as a function of T and C is defined by: 

j'(C,T)= g (T) + (C x 0,7688) / (_s>(T) x 1000 +C) (g/cm3) (7) 

THE SIMULTANEOUS HEAT AND ~~SS TRANSPORT IN A FRESH-SALT 
WATER SYSTEM 

From the observed situation at the field site the question has 
arisen, with what speed salt waters might react to changes in the 
fresh water flow regime. Especially the situation in section II, 
where salt water overlies fresh water, implies the possibility of 
a very slow drift of the system from one quasi - steady state into 
a new: one. 
To assess to a first approximation the time dependence of mass 
transport in response to a changing flow pattern in an aquifer, 
intersperses with low permeability zones, the following simplified 



180 

model was considered (Figure 13): 
A 200 m thick zone with a horizontal permeability of 1 Darcy 
(kver.=0,1 Darcy) is as~umed to contain three lenses of low 
permeability(khor = 1o-5D, kver = 10-4D). This section is under
lain by a 100 m tnick layer witn the same permeability as the 
lenses. The length of the cross section totals 9,5 km. 
As indicated in Figure 13, the water table raises or dips under its 
mean elevation by a maximum of 5,6 m. While the upper 200 m 
of the system contain fresh water, the underlying sediment is filled 
initially with highly saline water. The concentration increases 
linearly from the fresh - saline water interface from 349 kg salt/ 
1 t water to 359 kg salt/ 1 t water. 
From the central portion of the cross section water is forced along 
hydraulic gradients onto the fresh-saline ground water interface, 
where it is contaminated by diffusive - dispersive mass transport 
mechanisms. The flow velocities in the deeper parts of this system 
are slow enough to allow the simplifying assumption of combining 
the diffusional and dispersional mass transport into one term in 
(4). A d-value of 3 x 1o-10m2/ s was chosen. The desirability 
of the inclusion of a refined expression for the dispersive mass 
transport at a later time is recognized. 
Equations (1)- (4) are evaluated step by step by an iterative 
process, whereby an explicite finite difference code is used. 
Figure 14 shows the temperature effects of the ground water flow 
on the subsurface rock temperatures after a period of 9 000 a. 
In the center, the downward flowing groundwater induces a local 
cooling effect, somewhat more pronounced on the right hand side. 
Latter effect is due to the somewhat higher integral permeability 
of the subsurface ( see also Figure 13 ) in the corresponding 
flow direction. 
The salinity distribution 3 000 years and 9 000 years after initi
ation of flow are shown in Figure 15 - 16. On the left side, the 
continuous low permeability layer at a depth interval from 110m 
to 170 m effectively slows down any upward movement of saline 
water by convective transport. On the far right hand side, vertical 
flow is unimpeded by low permeability zones. With time, an in
creasing contamination of shallow zones by salinar waters is ob
served. The buildup of the contaminated area in the upflow regions 
has by no means come to an end after 9 000 years. 
This result - as well as other models,. which have been calculated, 
but are not shown here ~ strongly imply that the salinity distri
bution in the subsurface of our study field is probably not in a 
steady state situation. The numerous clayey and marly layers 
obviously would in case of changing ground water flow patterns 
impede the response movement of salinar water bodies. One may 
speculate that during the last glaciation 15 000 yeans ago 
ground water flow was greatly reduced in the study area due to 
permafrost at the surface. The ground water system below probably 
responded by attempting to slide into a stable configuration, 
whereby salinar waters - formerly transported upward by ground water 
flow - sank to deeper levels, fresh water resting on top of them. 
Some salinar waters might have been trapped effectively in low 
permeability zones. The readjustment of the ground water system 
after the end of glaciation might not - as far as the salinity 
distribution is concerned - be complete today. 
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NATURAL CONVECTION 

Saline water bodies at depth are frequently thought to have 
come to an almost complete rest. They are known to yield high 
"age dates". It is, however, in the context of safe burial of 
radioactive materials of interest, if small scale movements can 
be inherent in such bodies and which magnitudes of velocities can 
be expected. 
One driving force of natural convection are lateral temperature 
gradients, which might be induced by lateral variations in the 
thermal conductivity distribution of the fluid-sa turated rock 
matrix. Such a situation might arise, where i.e. clays (poor 
thermal conductor) and sands (good conductor) happen to rest next 
to each other. For example, at the flanks of a subglacial channel 
such a geologic setting can exist. 
A simplified model, using the same governing equations and relations 
mentioned above, was considered. The following boundary conditions 
were imposed in addition: 
In a 300 m deep vertical cut, spanning over a lateral distance of 
675 m, an initial temperature field as depicted in Figure 17 
is assumed. The lowermost 100 m of the permeable material contains 
salinar water. The salt concentration in this body increases from 
the top ( 342 kg salt/1 t water ) to pottom (352 kg salt/1 t water). 
The diffusivity value was chosen to be d = 1o-10m2/s. Dispersive 
effects were neglected due to the extremely low flow velocities 
obtained. 
At a depth interval from 105 m to 155 ~ a zone of low permeability 
( kho = 10-5D; ~er= 1o-4D) was included in the otherwise permeable 
material ( khor/k er=10; k =10 D). Starting with no other than 
the by the thermal effectsh~nduced hydraulic gradients, heat and 
mass transport as a function of time were calculated. As in earlier 
published cases (Delisle 1981a) natural convection did develop. 
After a period of t=20 a, two convection cells were observed. As 
by the temperature field reflected (Figure 18), the ground water 
in the uppermost layer responded by a clockwise rotation, whereby 
lateral velocities up to 6 mm/a, vertical velocities up to 1 mm/a 
on the left side and downward velocities of 0,5 mm/a were reached. 
The second convection cell is located in the salinar water body, 
which shows clockwise rotation again. Since this cell is affected 
by higher lateral thermal gradients, the maximum vertical (0,45 em/a) 
and horizontal (2,4 em/a) velocity components are somewhat higher 
than in the cell mentioned above. 
Movement in the low permeability layer is almost absent. The fresh 
water layer between this zone and the salinar water body tends 
to show at early times an upward directed velocity component on the 
left side, but appears to form in later stages its own convective 
cells. No stable state has yet been reached after t = 20 years. 
The calculation was stopped after t his point in time as the computer 
time needed to reach later stages a ppeared to be excessive. The 
flow pattern in the maj or convection cells, however, is not expected 
t o change significantly , before ~noticeable change in the salinity 
field due to diffusive processes . 
The very low flow velocities at depth obtained from both models 
mentioned above seem to imply that in many cases mass transport 
in nearly stagnant salt water bodies is controlled by diffusion 
rather than by dispersion or convection. 
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Figure 1 
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Outline of salt dome Gor leben ( continuous line) 
Broken lines indicate depth contours of the qua
ternary base ( data from " Hydrogeologisches Un
tersuchungsprogramm Gorleben" ) 
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Figure 2 : Rock temperatures 150m below MSL 
Continuous line indicates shape 
of salt dome 

510 

Figure 3 : Vertical cross section through subglacial channel 
Low permeability zones dark, permeable zones white 
Downward flowing ground water in a direction per
pendicular to cross section depressffi locally the 
isotherms at well 500 
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Figure 4: Elevation of water table in the study field 
above MSL (March 1981) 
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Figure 5: Positions of segments I, II, III 
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Figure 7: Vertical cross section (section II) 
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Figure 9: Density - depth relation as deduced from data 
plotted in Figures 7 and 8 
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Figure 10: Electrical 
conductivity profile 
in a damaged piezometer 

Figure 11: Model pro
file with vertical 
permeabilities, an 
assumed density profile 
and pressure profiles, 
resulting from an im
posed vertical ground
water movement 
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Figure 12: Density- depth function as deduced from 
geophysical well logging around a piezometer 
group 

Figure 13: Outline of model geometry: from the high point 
of the water table ground water flows laterally, impede• 
by low permeability zones to both sides. Thickness of 
section is 300m, the lowermost 100 m contain salt 
water (see also text). Length of section is 9,5 km. 

Figure 14: Change of initial temperature field due to 
convective heat transport after t = 9 000 a. 
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Figure 15 Salinity distribution after t = 3 000 a 
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Figure 16 Salinity distribution after t = 9 000 a 
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Figure 17: Initial temperature field, on which natural con
vection model is based 
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Figure 18: Temperature field change after t = 20 a 
Low permeability zone crosses center portion of 
cross section, lowermost 100 m contain salt water 
(see also text). Lateral extent equals 675 m, 
depth 300 m 


