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ABSTRACT 

The hydrogeological-investigation program for the Gorleben site is part of the studies of the Gorleben 
salt dome to determine its suitability for a final repository for radioactive waste. The objective of the 
program is to obtain extensive data on the groundwater quality in the area of the planned repository in 
order to provide a basis for monitoring after the repository begins operation. Within the scope of this 
study, samples are routinely collected from the extensive grid of observation wells in the area and 
analysed for various hydrochemical and physical parameters and isotope concentrations in the ground
water. 

Hydrogeological cross-sections and maps have been made of Lne isotope data, primarily 3H, 14c, and 
lifo. The isotope data were interpreted taking into consideration the hydrogeological conditions and 
other data, e.g. from pumping tests. 

1. INTRODUCTION 

The Physikalisch Technische Bundesanstalt I 
PTB, Braunschweig, FRG and the Bundesanstalt 
fiir Ceowissenschaften und Rohstoffe, IBGR, 
Hannover, FRG, is conducting a hydrogeological
investigation program in the area of the Gorleben 
salt dome, Lower Saxony, within the framework of 
a study on the possibility of using the salt dome 
as a site for a mined repository for radioactive 
waste. 

Hydrogeological investigations are carried out in 
the area of the Gorleben salt dome to assess the 
movement of groundwater in the Neogene sedi
ments covering the dome. Work is nearly comple-

ted and one part of the results, particularly 
isotope data, are presented here, primarily 3H, 
14 C, and l8Q. 

The investigations on isotope data have been made 
by the Gesellschaft fiir Strahlen- und Umweltfor
schung I Institut fiir Radiohydrometrie (GSF I 
lfR) and the University of Heidelberg, Institut 
fiir Umweltphysik. 

The investigations of environmental isotopes from 
groundwater samples of the Gorleben site have 
three general objectives (table I). 

* Bundesanstalt fiir Geowissenschaften und Rohstoffe (BGR), D-3000 Hannover 51, Federal Republic of 
Germany. 
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Table I. Objectives of the Gorleben study. 

STUDIES OF GROUNDWATER-ISOTOPES 
(o 2 H, 3 H, 6 1e0 , 6 13c, 14C) 

OBJECTIVES 

1) VERIFICATION OF HYDROGEOLOGICAL STRUCTURES OF THE GORLEBEN SITE 
(primarily interpreted by results of exploration drilling and well logging). 

2) VERIFICATION OF THE SUPPOSED DEEP GROUNDWATER-FLOW DIRECTION 
(general horizontal increase of groundwater age in the flow direction). 

3) COMPARISON OF ISOTOPE MODEL AGES WITH TRAVEL TIMES OF COMPUTER 
FLOW MODELS. 

The main point discussed in this paper is the 
evaluation of l'+c data with regard to the verifi
cation of the hydrogeological structures of the 
Gorleben site. Other isotope data will be menti
oned as far as they are relevant for the interpre
tation of the 14C data. 

No conclusions on the deep groundwater-flow 
direction can be drawn from isotope data, so far, 
since no systematic distribution of isotope con
tents in the groundwater in the lateral extent of 
the hydrogeological main units can be defined. 
However travel times calculated by means of a 
numerical 3-D freshwater-model and 14C model 
ages show the same tendencies but no definite 
results can be presented at this stage of the 
investigations. 

2. HYDROGEOLOGY 

The Gorleben salt dome is roughly elliptical in 
shape, about 15 x 3 km (fig. 1). It is situated 
near the northeastern border of West Germany. 

The investigation program started in 1979 and is 
now nearly completed. It mainly involved explo
ratory drilling (more than 150 boreholes), the 
sinking of observation wells, geophysical well 
logging and geo-electric surveys, petrological and 
paleontological identification of drilling samples 
and the carrying-out of four extensive pumping 
tests. 

More than 300 piezometers have been installed in 
the area at various depths, depending on the 
local aquifer system. The piezometric head of 
groundwater is monitored at different depths; 
water samples have been taken for chemical and 
isotope analysis, and various measurements have 
been made to determine the pressure distribution 
in the aquifer system and the velocity and direc
tion of the groundwater flow. 

A water-level contour map has been constructed 
based on measurements made in the shallow aqui
fer (fig. 1). The regional groundwater flow is 
predominantly from the south-east to the north
west, and a local recharge mound exists south of 
the dome. 

The majority of sedimentary rocks covering the 
dome range from Tertiary to Quaternary age. 

The Tertiary and Quaternary sequences form an 
aquifer system of up to 280 m thickness. Low
permeability layers of boulder clay, silt, and clay 
are intercalated in the aquifer system (fig. 2). 

Often it is possible to divide them roughly into a 
lower and upper aquifer. The relief of the base 
of the Quaternary was formed mainly by erosion 
through running water and glacier ice during the 
early Pleistocene Elsterian epoch. A channel was 
formed during this epoch and crosses the area of 
the salt dome from S to NE. Erosion along that 
channel reached the gypsum or the salt of the 
dome in some places. 
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Fig. 1. Investigation area and groundwater-level contour map. 
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The regional base of the groundwater system is 
formed by Early Tertiary clays and silts. The 
clays form an elliptical wall around the dome, 
which is, however, discontinued where dissected 
by the erosion channels. Over the salt dome the 
thickness of the impermeable base of the aquifer 
is reduced and locally absent. The Miocene 
aquifer is separated from the overlying Quater
nary aquifers by silts and clays from the Upper 
Miocene or younger age. The separation is 
discontinuous. In parts of the area, the Miocene 
and the Quaternary aquifers are hydraulically 
connected. The Quaternary sediments comprise a 
rather complex system of aquifers, aquitards and 
aquicludes of local to regional extent. Through
out the study area the fresh-water body is un
derlain by rather saline groundwater. The salt 
content usually increases with depth and reaches 
saturation at depths greater than 220 m below 
mean sea-level. 

Four general hydrogeological units can be distin
guished in the area of the Gorleben salt dome 
according to the hydrogeological investigations, in 
particular the exploration drilling and well logging 
in spite of the very complex glaciotectonical 
structures (table II). 
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resistivity distribution in the formations derived 
from well logs (depth of the 10flm resistivity in 
sandy layers). Inside this structure the fresh
/saline-groundwater interface is not deeper than 
50 m below land surface. 

The hydrogeological grouping is supported by the 
results of four extensive pumping tests : 

1) at the first pumping test the pumped well 
was situated in the upper fresh-water aqui
fer system. A drawdown was measurable 
only in those monitoring wells situated in the 
same aquifer at a distance of less than 1000 
m from the pumped well; 

2) in three other pumping tests groundwater 
was pumped from the lower aquifer system. 
A drawdown was observed in the lower 
aquifer system in an area comprising the 
entire salt dome. During the test no draw
down was recognized in the upper aquifer 
system. Also in monitoring wells situated in 
the upper saline-water aquifer system or in 
the clayey complex no measurable drawdown 
occurred. 

Table II. Hydrogeological units in the Gorleben dome. 

hydrogeological main units 

upper fresh-water aquifer system 

upper saline-water aquifer system 

clayey complex 

lower aquifer system 

The first, third and fourth units essentially 
follow a vertical subdivision. The second unit 
(upper saline-water aquifer system) is probably 
linked to a special geological structure located at 
the north-west side of the Gorleben channel in 
the south-east of Gorleben village (fig. 1). This 
structure has been delineated according to the 

depth range m below surface 

< 130 

< 130 

130 - 220 

> 220 

3. PRESENTATION AND INTERPRETATION 
OF 14C DATA 

Fig.· 3 shows the relationship between the concen
tration of anorganic 1'+c in the groundwater and 
the depth df the samples together with the main 
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Fig. 3. Relation of l'+c concentration to depth in groundwater over the Gorleben salt dome. 

chemical type of groundwater and the hydrogeolo
gical main units. The 1 '~C content is expressed 
in pmc (percent modern carbon) since the calcula
tion of l'+c model ages is rather uncertain due to 
the reasons discussed below. 

In the upper aquifer system the 1 '~C concentration 
generally decreases (as expected) with depth and 
is related to the chemical type of water ( CaSO 4-
CaHCO ) as an effect of increasing carbonate 
solutioJ of aquifer matrix carbonate with very low 
or missing 1 '+C. 

Groundwater in monitoring wells situated in the 
upper saline-water aquifer system shows very low 
l'+c contents (less than 5 pmc). These wells are 
located in a restricted area south of Gorleben 
village. Pumping tests conducted in both the 
upper and the lower aquifer system near to these 
wells showed no measurable drawdown in the area 
of the shallow saline groundwater. This fact 
indicates that a hydraulic connection between this 
special nrea and the regional groundwater-flow 
system is at least very limited. 

The low l'+c level of the shallow saline water (< 8 
pmc, indicating old groundwater) compared to the 
14 C level in the upper fresh-water aquifer system 
(15-50 pmc) supports this assumption. 

Calculations of the average 1 '~C model ages of this 
a~ea are very uncertain. They depend on diffe
rent assumptions and different corrections of the 
initial l4 c content and are between 6000 and 
26000 years. Considering the cSC-13 data a 
further possible decrease of the l'+cJl2c ratio by 
microbiological co

2 
production has to be taken 

into account (decomposition of Miocene organic 
matter by SO 

4 
-reduction). 

Nevertheless an average 1'+c model age of more 
than 10000 years has been assumed. This as
sumption is supported by the relatively low cS0-18 
values (see table Ill) which indicate a recharge of 
groundwater in the upper saline-water aquifer 
system under cooler conditions than in the upper 
fresh-water aquifer system. 
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Table III. The cS0-18 values. 

main hydrogeological 
unit samples 

upper aquifer system 21 

upper saline aquifer 6 

clayey complex 7 

lower aquifer system 18 

In the "depth range of the most frequent occur
rence of clay layers" (clayey complex) the 14 C 
values are also very low. The majority of the 
samples from this unit found in the entire area of 
the Gorleben channel shows l'+c values of less 
than 5 pmc. The screens of the observation wells 
of this unit are generally located in sandy inter
calations of varying extension ( 10 m to a few 100 
metres in the horizontal and a few metres to 20 m 
in the vertical direction) in sediments of a very 
low permeability. 

The reasons for the low 14C level are similar to 
the reasons for the low 14 C level in the upper 
saline-water aquifer system : 

- the interchange with young groundwater is low 
because of a relatively low hydraulic permeability 
in the vicinity of the observation wells contras
ting with a much higher permeability in the over
and underlaying hydrogeological units. 

- a drecrease of the 14C/ 12 c ratio by bacteriolo
gical CO production where the added I2c is 
derived d-om old (Miocene) organic matter. 

Generally a continuous decrease of the l'+c con
tent with depth would be expected in accordance 
with a supposed continuous downward increase of 
the groundwater ages. But in the lower aquifer 
system in the area of the Gorleben salt dome a 
slightly higher 14 C level (10-15 pmc) than in the 
overlaid unit was observed. In a first approxi
mation this could indicate slightly lower 

cS0-18°/ 00 

average minimum maximum 

-8,6 -8,9 -6,9 

-9,3 -11,0 -8,6 

-9,5 -10,2 -8,5 

-9,2 -10,5 -8,3 

groundwater ages as for the clayey complex. For 
the slight increase of the 14 C concentrations 
relative to the upper unit the following factors 
are being considered : 

- the lower aquifer is characterized by a relative
ly high hydraulic permeability and relatively good 
recharge conditions (in contrast to the sandy 
intercalations in the "clayey complex") in the 
south of the salt dome where the clayey complex 
becomes discontinuous and is partially replaced by 
sand and gravel; 

- the very high salinity (> 3 mol/1) in the lower 
aquifer system prevents bacteriological activities 
involving co

2 
production. Furthermore the 

solution of aqwfer matrix carbonate will be limited 
++ 

by the high Ca -concentration resulting from the 
solution of CaSO 

4 
of the salt dome, since the 

groundwater of tlie lower aquifer system is satu
rated to slightly oversaturated with respect to 
Ca(HCO ) . Consequently bacteriological and 
chemical

3 
ehects on the l'+c/ 12 C ratio are probably 

less important than for the upper units. 

4. CONCLUSIONS 

The hydrogeological system over the Gorleben salt 
dome is mainly built up by very complex structe
red Quaternary formations. An initial concept of 
four hydrogeological main units, based on explo
ration drilling and pumping tests coincides gene-



rally with the vertical distribution of the 14c
concentration in groundwater. 

In contrast to the low permeable units , the better 
permeable units show the higher 14 C-concentra
tions (> 10 pmc) with a decrease in the 14 C-level 
fror:1 the upper fresh-water aquifer system (15-50 
pmc) to the lower aquifer system (10-20 pmc). 
In the low permeable units (clayey complex and 
upper saline-water aquifer system) a 14 C-concen
tration level < 8 pmc has been observed. 
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Two main effects are probably responsible for the 
decrease of the 14 C-concentrations 

1) radioactive decay, 

2) dilution by solution of paleocarbonate (parti
ally supported by bacteriological CO pro-
duction). 2 

The calculated 14 C model ages are rather 
uncertain as the dilution effect cannot yet be 
taken into account with adequate accuracy. 


