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Background and objectives

The Asp6 Hard Rock Laboratory (HRL) is constructed below the Aspo island. The main goal
of the HRL project is to study various methods of investigating and modelling a fractured
crystalline bedrock and the phenomena involved. Extensive field investigations have been
carried out to study the properties of the bedrock at Aspo.

During the hydrogeochemical investigations at Aspo, the salt content of the groundwater
samples from the boreholes was measured (Wikberg et al., 1991). High salt concentrations
were found relatively close to the surface. Especially deep in the bedrock, the salt
concentration exceeds the value prevailing today in the Baltic sea (7 g/1), which strongly
suggests a relict sea-water source and/or groundwater-rock interaction. Since the end of the
last glaciation about 12000 years before the present (B.P.), the Aspo island was covered by
freshwater lakes and saline seas. The salt content of the sea water was highest during the
Litorina stage (about 7000 - 3000 B.P.). The highest hills on the Asp6 island rose above sea
level some 3000 years ago, and since then the average rate of land uplift has been about 2
mm/year.

The primary objective of this study (Lofrnan and Taivassalo, 1995) was to examine whether
the geochemical field data from Aspd could be interpreted and understood by means of
numerical simulations for flow and transport. A site-specific simulation model for groundwater
flow and salt transport was developed on the basis of the field investigations. Both steady-state
and transient simulations of flow and transport were performed. In the transient simulations,
land uplift and the effect of diffusion into/from the matrix blocks with stagnant water were
taken into account The computational results were evaluated on the basis of the experimental
values for the pressure and salt concentration.

Modelling approach

A fractured rock mass consists of solid rock cut by a network of fractures. Water flow occurs
primarily along the interconnected and water-bearing fractures, which account for only a small
portion of all fractures. Most of the water in rock masses does not move.

Two conceptual models developed for solute transport in a fractured medium were applied in
this study. In the equivalent-continuum (EC) approximation, the fractured medium is treated
as a homogeneous continuum with representative characteristics. In the dual-porosity (DP)
approach (e.g., Huyakorn at al., 1983), the medium is assumed to consist of two overlapping
continuums: the fractures with flowing water and the matrix blocks with essentially stagnant
water. The DP model is thus able to take into account the influence of the diffusion of solute
particles between moving water and stagnant water.

Simulations

A finite element mesh was constructed on the basis of the same Asp5 flow model which was
applied when simulating the long-term pumping test LPT2 (Taivassalo et al., 1994). The mesh
contains 42000 elements with three-dimensional hexahedral elements representing the intact
rock and two-dimensional quadrilateral and triangular elements for the fracture zones.
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Three different salinity models were examined with the EC and DP approaches. The transient
simulations were carried out for a period that started 3000 years ago (at the end of the Litorina
stage) when the highest hills at Aspo rose above sea level. The simulation period continued
until the present day. As an initial state in all the salinity models, the whole solution domain
was assumed to be saturated with saline sea water. The uplift rate of the water table was
assumed to be 1 mm/year. With the DP model, several values of the matrix porosity and the
matrix block thickness were applied.

Results and conclusions

The simplest salinity model (the whole modelling domain was assumed to be initially saturated
with water having a constant salt concentration of 10 g/1) gave the best results for both
pressure and salinity compared to the values measured in the cored boreholes. The pressure
proved to depend strongly on the salinity model employed as an initial state. The contours of
the salinity field computed with the simplest salinity model and the DP model with a matrix
porosity of 0.01 and matrix block thickness of 40 m are presented in the figure on next page
for four different time steps.

The salinity fields computed both with the EC and DP models agree equally well with the
field data. A difference between the two models can be recognized when plotting the salt
concentration along the boreholes and comparing the values at the intersections with fracture
zones. The fracture zones cannot be identified in salt distributions computed with the EC
approach whereas they can clearly be seen in the results of the DP model. This follows from
the fact that the EC approximation cannot take into account retardation caused by the diffusion
of salt from the rock blocks with stagnant water.

The simulation results are sensitive to several input parameters. Especially in the DP model,
there are input parameters relating to the properties of the medium for which field data are
scarce. In this study, various values were used for the most important parameters (the matrix
block porosity and thickness).

Although the DP representation is a more realistic approach to describe a fractured rock mass
than the EC approximation, the general behavior of the experimental data along the boreholes
resembles the behavior of the EC results more than that of the DP results. The DP model has
more input parameters than the EC model. Accordingly, DP results which would agree better
with the field data could obviously be found if more simulations with different salinity models
and input parameter values were performed than was possible in this study.

The DP approximation is nevertheless a useful approach when simulating solute transport in
a fractured rock mass. Concentrations both in the moving water and in the parts of a system
with stagnant water can be simulated with it Only the water-bearing subsystems can be
analyzed with the EC model. The Aspo results of the DP model indicate that, for some values
of the matrix block thickness and porosity, the matrix blocks even close to the surface can still
contain water with as high a salt concentration as 3000 years ago. Unfortunately, the
simulation results for the matrix blocks cannot be evaluated by comparison with the
experimental data, because the salt concentrations measured mainly represent the salt content
in the water-bearing fractures in the bedrock.
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Figure. Contours of the simulated salt concentration at four different time steps. The
simulations were started 3000 years before the present and performed with the dual-porosity
model with a matrix block porosity of 0.01 and a matrix block thickness of 40 m.
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