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SALT WATER IN CONNECTION WITH GROUNDWATER SAMPLING IN DEEP BOREHOLES 

. 1 1 By G. Gld und 

ABSTRACT 

In connection with the field investigations for future radioactive waste stor
age a comprehensive program for groundwater investigations has been brought out. 
The geological survey of Sweden (SGU) has on assignment for the Nuclear Fuel 
Safety Project (KBS) and the National Council for Radioactive Waste Management 
(PRAV) investigated three different areas in Sweden so far. 

The program has among other things contained sampling of surface water and 
ground water. The ground water consists to the major part of water from deep 
coredrillholes ( 500-800 metre ) • 

INTRODUCTION 

Before it is possible to store radioactive waste in the bedrock one has to know 
what chemical and physical environments occur at the actual deposite depths. 
Other important questions are how the groundwater moves from inflow- to outflow
areas and at what velocity this movement will take place. 

This paper describes the program for this groundwater investigation with a pre
sentation of the results and the specially developed equipment. The results 
originate from one of our investigation-areas called the Finnsjon-area. 

DESCRITPION OF THE INVESTIGATION-AREA 

Gener a l 

The Finnsjon area is situated approximately 100 km north of Stockholm and 20 km 
from the Baltic coastline in the northern part of Uppland in central Sweden 
(Figure 1 ). The area is one chosen for long term hydrogeological investigation 
where different methods and techniques are developed and tested. 

In the investigation area, which is a 25 km2 drainage basin, there are 8 deep 
core drillholes ( 500-700 metre deep) and 17 shallow percussion drillholes ( 100 
metre deep). 

Geology 

All the rocks of the investigated area belong to the Svecoka~elian bedrock of 
central Sweden. The rocks are among the oldest in Fennoscandia. They consti
tute remants of the now completely eroded mountain belt formed 1800-2100 million 
years ago. 

Within the Finnsjon area the oldest formation consists mainly of volcanogenic 
supracrustal rocks. The volcanogenic supracrustals consist mainly of alkali
intermediate- and sodium-rich leptites. Interlayered in the leptites are basic 
vulcanites with accompanying iron ore, crystalline limestones and minor parts 
of clastic sediments. The supracrustals are usually stratified, foliated and 
often exhibit small-scale folding. The whole rock sequence is plastically de
formed. 

1. SGU Geological Survey of Sweden, Uppsala, Sweden 
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In the Finnsjon area, as well as regionally, a differentiated intrusive suite 
ranging from ultrabasic to acid in composition has intruded the supracrustal 
formation. Most frequently, these intrusives have a granodioritic-granitic com
position. 

The supracrustal and intrusive rocks were later cut by numerous basaltic dikes, 
which are now altered to amphibolite. 

The younger granite is the last big intrusion in this area and together with 
the granodiorite dominate the Finnsjon area. Earlier mapping of drill-cores 
shows that the granodiorite is limited in depth by younger granite. This gra
nite has probably intruded in several phases but is not differentiated. It is 
massive and it brecciates all the other rocks which form the bedrock of the 
Finnsjon area. The younger granites can locally be regarded as macrobreccia. 
The central parts of the granite are not very well exposed and as a consequence 
the extension of the granites is somewhat uncertain. 

The younger granite is followed by pegmatite and aplite which frequently cross
cut the older rocks. Pegmatites also occur relatively often as small bodies ~n 
the eastern parts of the granite area. The most common fracture fillings in 
the area are calcite, prehnite and cloride. 

Quaternary geology 

The ·Late Quaternary development of the Finnsjo-area consists of the glaciation, 
deglaciation and land uplift. Peat deposits are widespread, particularly in 
the central parts·. The most common sediment is a sandy silty till. It's CaC03 
content varies between 10-20 %. The moraine is -because the area was situated 
under the coastline - more or less washed out. The outwashed material is d~stri
buted everywhere in depressions in the area. In the eastern parts, up to 3m 
thick beds of outwashed sands were measured. The depressions are also partly 
filled with clays, especially with varved Caco3-rich glacial clay. In the 
central part of the drainage basin some minor glacio-fluvial deposits exist 
which are supposed to belong to the northern part of a more regional esker. 

Hydrology 

The northern part of Uppland has rather few lakes. Most of the region is drained 
towards the north to the Baltic Sea. The streams generally go in a north-south
erly direction following the main feature on the regional tectonic lines. 

The annual average precipitation is about 670 mm. Most of the precipitation 
falls as rain. From the middle of November to the middle of April the precipi
tation falls as snow. 

The Finnsjon investigation-area is drained by two main water courses. The aver
age run-off from the northern Uppland is calculated to around 240 mm/year. 

The distance between groundwater level and ground level is in the higher part of 
the area between 3-4 metre. In the lower parts, the outflow-areas, the ground
water head conicide with the ground level or is above. 
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INSTRUMENTATION AND METHODS 

The down-hole piston pump 

One of the problems in connection with sampling of water in drillholes is how to 
know from which part of the hole the water originate. In our different investi
gations we have noticed rather big movements of water along the drillholes from 
different conductive zones that have been penetrated by the drillhole. In order 
to avoid to recieve an integrated sample of water from the entire hole the geo
logical survey of Sweden has developed a groundwater pump which allow us to 
take samples between packers. 

This pump give us opportunity to pump up water down to depths of 1000metre in 
drillholes of a diameter of 56 mm. The pump is equipped with packers on each 
side of the intake section. The packers function as seals against the wall of 
the hole so that we know where the collected water come from. It is possible 
to use any distance from 0.5 m to 50metre between the packers (Fig. 2). 

Methods 

From every core-drillhole ground water from about four different levels are 
sampled. The levels are chosen from earlier investigations brought out in the 
drillhole as for example, core-logging, geophysical logging and water loss mea
surements. The water is, as mentioned above, sampled between packers in order 
to determine its origin. 

RESULTS OF THE INVESTIGATION 

In connection with our standard investigation of the ground water conditions we 
have found salt water in crystalline bedrock. Based on analyses from our eight 
core-drillholes and seventeen percussion drillholes we have found that; 

- Fresh water originate from the less permeable formations in the area. 

-Saline water originate from the highly permeable tectonic lines. 

- Fresh water in the formation from the same depths as the saline water in the 
surrounding tectonic lines are younger according to the age determination. 

From a total of 39 analyses of the age of the water in the area we have found 
that the saline water have an average age of approximately 7000 years and the 
fresh water have an average age of about 4400 years. (See Table 1 and 2.) 

Table 1. The ages of the saline ground water in the Finnsjon investigation area. 

S Core drillhole 
A 
L Fi 5 
I 
N 
E 

w 
A 
T 
E 
R 

Fi 7 

Level 

141 m 
205m 
297m 
384m 

301 m 
322m 
511 m 

Age BP (corrected o13c) 

A = 10000 YEAR 
A = 10500 YEAR 
A = 4800 YEAR 
A = 10500 YEAR 

A = 4400 YEAR -
A = 4500 YEAR 
A = 4400 YEAR 
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Table 2. The ages of the fPesh wateP in the Finnsj8n investigation area. 

Core drillhole Level Age BP (corrected else) 

F Fi 1 206 A 2100 YEAR m = R 
293 m A = 2500 YEAR E 

s Fi 2 385 A 3750 YEAR m = H 
504 A 3750 YEAR m = 

w 
A Fi 4 152 m A = 3750 YEAR 
T 247 m A = 6100 YEAR 
E 368 m A = 5400 YEAR 
R 534 m A = 5400 YEAR 

Fi 7 123 m A = 3900 YEAR 

All watersamples from the core-drillholes are plotted ln Piper diagrams shown 
in Fig. 3 and 4. 

All drillholes except one which contains saline water are placed into or nearby 
a major tectonic zone. 

The way the saline water appears in this area it will act as very effective bar
riers and prevent any regional groundwater flow. 
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