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TERRAQUA ApS and KEMP & LAURITSEN A/S, Denmark

Problems and procedures conserning planning and execution of geohydrological
investigations of aquifer systems composed of consolidated sedimentary rocks are
discussed. The discussion is illustrated by investigations in an area on the island of
Bornholm, Denmark, where the aquifer system is composed of inclined and fault-
ed beds of sand-, silt-and claystone.
The investigations includes the following elements:
1. Hydrogeological mapping.
2. Geophysical investigations and well-logging (gamma-, resistivity-, flow-
and conductivity-log).
3. Pumping-test. Evaluation of hydraulic properties of the aquifers. Con-
struction of mathematical model.
4. Deliniation of infiltration areas and evaluation of potential infiltration.
Protection against groundwater-pollution.
The paper emphasises the general procedure for engineering geohydrologi-
cal investigations of consolidated sedimentary rocks and the correlation of the
information collected by different methods.

Introduction
The main purposes of most geohydrological investigations are to localize potential
well-fields for production of groundwater and to analyze the hydrological consequ-

ences of groundwater extraction.
The investigations generally aims at the formulation of a model which quantitative-

ly and/ or qualitatively describes an aquifer system since such a model is a necessary
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prerequisite for the calculation or the evaluation of the consequences of alternative
decisions.

A model is ideally described by a series of geometrical data such as thickness of the
layers and their areal extent, a series of hydraulic parameters describing piezometric
potential, permeability and specific yield, hydrological equilibrium analysis and an
outline of the ground water chemistry.

A specific element or a set of model-data may be collected from nature by various
means. As an example may the areal extent of an aquifer in principle be determined
either from geological reflections, geophysical investigations or it may be calculated
on the basis of pumping test results. None of these methods alone are likely to produce
unmistakable results, even by very detailed analysis, whereas the combination of data
produced by several independent methods more likely will lead to valid conclusions.

Facing the task of planning a specific geohydrological investigation within a given
financial limit, a series of less detailed investigations by a variety of methods is there-
fore preferable to a more detailed analysis employing only one of the available meth-
ods.

The following »case history« is an example of how a step by step combination of a
series of investigation methods has provided the elements of a model of the reservoir
conditions in an area where the aquifer system is composed of inclined and faulted
beds of consolidated sedimentary rocks (sand-, silt- and claystone).

Field data etc. in this paper are taken from a comprehensive geohydrological study
performed for the municipality of Akirkeby, by Kemp & Lauritzen A/S in coopera-
tion with Tage Serensen. The objective of that study has been the evaluation of the
potential ground water production in an area in the southern parts of the island of
Bornholm.

Four locally constructed wells in that area had surprisingly high specific capacities.
These wells are in the following designated by the numbers 3, 4A, 4B and 8.

Geological Conditions

Fig. 1 shows a section from »\GEOLOGICAL MAP OF BORNHOLM - PREQUA-
TERNARY DEPOSITS« (Helge Gry, 1960). The outcropping formation, to the north
on the map, consists of precambrian granite and gneiss. These formations. are to the
south successively overlain by approx. 100 m Nexe sandstone, 60 m Balka quartzite (a
quartzitic sandstone) and 100 m glauconitic siltstone. The layers slope southwards and
are divided, and vertically displaced in large blocks, by fault zones. The pre-quater-
nary deposits are covered by few meters of quarternary drifts.

Investigation wells have been placed N-NW of Pederskirke around the outcrop of
the lithological boundary between the Balka quartzite and the glauconitic siltstone
layers.
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Fig. 1. Geological map. Prequaternary deposits. (After Helge Gry, 1960).

Hydrological Mapping

Information on existing wells in the area was reproduced by the cyclogram technique
(L.J. Andersen, 1973). The advantages of this method is illustrated by the fact that
almost all relevant data on all wells in the area are presented on the map in un-inter-
preted form and that it allows direct visual correlation of layer sequences, -elevations
and water levels from well to well.

Wells number 4A and 4B, situated adjacent to and north of a NW-SE fault zone,
show that the outcropping formation here is Balka quartzite. Well 3 and well 8,
situated south of the fault zone, are penetrating approx. 30 and 55 m respectively of
glauconitic siltstone overlaying the Balka quartzite. The difference in layer boundary
elevation is partly due to the southward dip of the boundary interface and is partly
caused by vertical displacement along the fault zone.

The water level in well 4B is approx. 10 m higher than that in the wells 4A, 3 and 8,
indicating that several hydraulically separated water bearing strata may be present in
the area. For that reason it was considered irrelevant to construct a piezometric
surface contour-map as part of the preliminary investigation.

In order to acquire a more detailed understanding of the aquifer conditions and of
the reasons for the relatively high specific capacities of the wells a series of well-log-
gings were taken.
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Fig. 2. Borehole geophysics.

Geophysical Investigations

Juxtaposed in Fig. 2 are shown the results of the well-loggings and the well drillers
logs. Gamma-logs were recorded in all of the four investigation wells and resistivity-
and flow-logs were recorded in wells number 4B, 3 and 8. All measurements were
performed with discrete readings for every one meter down through the borehole. The
lithological units, Balka quartzite and glauconitic siltstone, are distinguishable on the
gamma-log as well as on the resistivity-log. The flow-logs reveal that water bearing
strata are present within the sandstone layers and around the interface between the
Balka quartzite and the glauconitic siltstone.

Geologically, the water bearing strata in wells 3 and 8 are stratigraphically correlat-
ed with the outcropping layer of Balka quartzite in well 4A and 4B although no water
bearing stratum has been identified in the upper part of 4B. This is rendered probable
by the fact that the piezometric surface of a deeper laying water bearing stratum in
well 4B is 10 m higher than that of the surface-near layer. The flow-log measure-
ments in well 4B were carried out while pumping at a rate which produced a draw-
down of less than 10 m. Consequently has no water been flowing toward the well in
the upper stratum, regardless of that layers transmissivity.
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Fig. 3. Principal geological model.

Based on the results of the borehole loggings and the preliminary geohydrological
map, a sketch-model of the aquifer system was drafted as shown in Fig. 3. The model
depicts the Balka quartzite layer separated by an aquiclude into two aquifers. The
aquicludes and the general southward dip of the strata therefore precludes subsurface
run-off towards the coastline. It is further inferred that maximum water levels in the
two aquifers are delineated by the intersection of aquicludes and land surface. Every
autumn or winter when the aquifers through infiltration in their outcrop areas are fully
replenished, it must be expected that any additionel precipitation will result in simple
overflow and surface run - off and a constant water level in the late winter and the
spring months.

Groundwater samples from well numbers 4B and 8 have been analyzed for residual
tritium content. The concentrations were respectively 0 £ 2 T.U. and 10+ 2 T.U. (1
T.U. is equivalent to a T/ H ratio of 10 - 18) indicating that the ground water is of old
origin.

The preliminary sketch-model of the aquifer system neglects the possible effects of
the fault zones, though it is acknowledged that they are vertically impermeable.

It is noteworthy here to mention the clearly distinguishable resistivity contrast
between the glauconitic siltstone and the Balka quartzite (see Fig. 2). This knowledge
was useful when layer boundaries later were mapped in detail at selected locations by
means of surface geoelectrical soundings prior to site selections for the construction of
additional investigation wells.

Resistivity measurements also made it possible to estimate a total porosity of the
Balka quartzite ranging from 8 to 15%.

During an investigation, now in progress, continuous recordings of gamma - and
resistivity-logs have shown that it is possible in very great detail to identify and corre-.
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Fig. 4. Water level variations.

Reservoir-Model

The aquifer boundaries were located exclusively on the basis of the earlier formulated
sketch-model and on the basis of observations of which of the observation wells were,
and which were not, affected by the pumping tests. Fig. 5 shows a model in which the
aquifer outcrop area is considered forming an aquifer boundary. A line is drawn
through the central outcrop area constituting a mathematically negative hydrological
barrier. The area extent of the aquifer southwards from this barrier is assumed unli-

mited. Pumping test data from the wells 3 and 8 are interpreted on the basis of this
model.

Fig. 5. Reservoir-model with negative
hydrological boundary.
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Fig. 6. Pumping test of well 8, 17/9-1/10-1975. Drawdown and recovery data of*observation

wells.

Pumping well Observation well
well Jacob's method Drawdown (Walton) Recovery (Walton)
c B T T s Pt/m? T s Pt /m
number secz/ms aec/mz 1073 mz/sec 1073 mz/sec 10"‘ 10710 sect 1073 mz/sec w'l' 10710 sec™t
4B 17600 272 2,6
8 14800 284 4,0
3 3.1 2,5 1,6 4,8 2,2 -
LYS 3,9 1,8 - 3,6 1,7 -
N1 U5 0,6 - 4,5 0,6 -
3 11600 230 3,6
4a 2,7 0,8 2,5 2,0 0,8 -
uB 2,4 3.5 - 2,4 2,3 -
8 3.6 1, 4,2 3,5 0,5 -
N1 3,9 1,0 0,6 5,0 1,0 -
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