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Abstract

Within the framework of the Fracture Classification and Characterization Project (FCC),
water conducting features (WCF) in the Aspo tunnel system and on the surface of Aspo
Island are being characterized over a range of scales (centimeters to hundreds of meters).
The larger-scale hierarchies of WCF (i.e. features within blocks with sizes » 10 m) are
mostly constituted of fault arrays, i.e. brittle structures that accomodated (often
recurrent) episodes of shear strain. The smaller-scale WCF (contained within blocks < 50
m) are single-fracture networks whose mechanistic principles are less straightforward to
decipher.

The "TRUE-1 block" (corresponding to tunnel meters 2940-3000), i.e. the rock volume
in which the first set of crosshole tracer tests of the TRUE project is conducted, has been
selected for detailed structural analysis due to the high density of relevant information. In
addition to the data obtained from core materials, structural tunnel maps, BEP data and
fracture line countings were integrated to derive a structural conceptual model.

The approach to characterise the TRUE-1 block is based on the integration of the
following elements:

• Deterministic structural evidence (boreholes, tunnel walls)
• Probabilistic information (fracture statistics, fracture network modelling)
• Down-scaling of observations and concepts derived on a larger scale.

Only a minority of all fractures have lateral extents > 1 m. Structural evidence indicates
that the fractures within the TRUE-1 block constitute an interconnected system with a
pronounced anisotropy.
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1 Introduction

The aims of the Fracture Characterisation and Classification Project (FCC) are

to classify water-conducting features that occur in the Aspo tunnel system

to characterize and conceptualize these features with respect to radionuclide
transport properties (e.g. structure, mineralogy, distribution of flow and matrix
porosity)
to develop and apply a methodology for the characterization of water-conducting
features in crystalline rocks.

In the two first phases, the project focused on tectonic discontinuities (transmissive
faults) on a scale of meters to tens of meters (MAZUREK et al. 1996). The fault
architecture and other relevant properties were studied in the whole Aspo tunnel system
as well as on the surface. The ongoing third phase deals with minor discontinuities (scale
of decimeters to meters) that occur within blocks delineated by the faults. Much of the
work is focussed to the TRUE-1 block, i.e. the rock volume penetrated by the tunnel in
the segment 2940 - 3000 m. This site was selected for detailed analysis mainly due to the
existence of data derived from cored boreholes and a detailed hydraulic characterisation
conducted within the framework of the TRUE project (Winberg, 1996).

The purposes of this paper are to document the status of the FCC project, with an
emphasis on the methodology that is being applied to study fractures and faults.

2 Methodology

2.1 Methodology of investigating tectonic discontinuities on the outcrop scale
(meters - tens of meters)

The following steps have been applied to derive conceptual models of water-conducting
features in faults that discharge water into the tunnel (for details see MAZUREK et al.,
1996):

1. Preliminary characterisation: A limited number of faults is mapped in detail
(lithology, ductile shear-zones, brittle fractures including their trace lengths,
orientations, frequencies, fractures infills and wall rock alterations). The aims of this
stage are to understand the mechanistic principles of fault development and to derive
a catalogue of suitable (site-specific) features and parameters describing the faults.

2. Full characterisation: On the basis of the catalogue of attributes, data are acquired
from a large number of faults, augmented by hydraulic data (transmissivity,
discharge) where available.

3. Database analysis: A fault classification scheme is developed from the fault database.
At Aspo, fault architecture turned out to be the most relevant classification criterion
(but other properties, such as embedding host rock, may be more important at other
sites).
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4. Derivation of conceptual models for radionuclide transport (relevant processes:
Advection/dispersion, diffusion, sorption).

2.2 Methodology for conceptualisation of weakly faulted blocks (e.g.TRUE-1)

Given the different scales of observation, the methodology of studying small fractures
within a block delineated by faults is different from above and can be divided into three
steps (shaded in Figure 2-1):

1. Compilation and update of the database: The structural database consists of
drillcore mapping data, borehole imaging probe (BIP) data and line countings of
fractures in the tunnel. The BIP tool provides full-scale images of the borehole walls
and allows the derivation of fracture orientations. Line counting includes measuring
the frequencies, orientations, trace lengths and other suitable attributes of
discontinuities along lines in the tunnels or in surface outcrops. In the tunnel system,
information was obtained from lines oriented in three different directions (vertical,
parallel to the tunnel axis, horizontal, normal to the tunnel axis).

2. Analysis and visualisation of the data: Figure 2-2 visualises and compares fracture
patterns derived from drillcore mapping and from BIP imaging along the TRUE-1
boreholes. Fracture frequency derived from core mapping is much higher than that in
the BIP data. The core data are affected by artefacts (single-barrel drilling causes
artificial fractures), and so the BTP data are considered to represent fracture
frequencies and orientations more appropriately. On the other hand, drillcore data are
more reliable when the lithologies and the classification of fractures (e.g. mylonites,
open fractures, fractures filled with fault gouge) are addressed, and so the two
methods were combined for the analysis of the borehole-derived data. Line countings
were very useful to derive the trace lengths, especially lines acquired on the tunnel
ceiling. The synthesis of these two methods is quite important and leads to the
conclusion that ductile precursors (e.g. mylonites) influence the orientation of the
fractures and that the fracture network is better interconnected in these areas than
elsewhere.

3. Derivation of the structural conceptual model: The data selection of steps 1 and 2
results in a fracture network database (including mainly frequencies, trace lengths
and orientations). The analysis of fracure orientations shows that 3 sets of fractures
can be distinguished (see chapter 3). All these data are compiled in the form of "non
Terzaghi corrected" data (contained in the raw database) and 'Terzaghi corrected"
data. The Terzaghi correction accounts for the smaller probability for fractures
running subparailel to the boreholes to be intersected when compared with fractures
that are perpendicular to the borehole. The non Terzaghi corrected data can now be
used for the derivation of a deterministic model and for fracture network modelling
(stochastic part of the structural model), whereas the corrected data are useful for
the derivation of generic models.
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Figure 2-1 Methodology for deriving a structural conceptual model of the TRUE-1 block.



Figure 2-2 Fracture maps derived from a) borehole mapping and b) borehole
imaging probe BIP. Projection plane: azimuth 60°, angle of dip 4(f,
crossing zone of borehole mouths ofKXTTl-4.
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3 Results

The characterisation and classification of water-conducting features (tectonic faults) on a
scale of meters to tens of meters resulted in five structural types that can be reduced into
2 base types (Figure 3-1). Base type 1 consists of a single fault with at least one step per
10 meters along the fault and base type 3 consists of a fault zone. All other types can be
derived from overlays of these base types (e.g. type 2 is a swarm of single faults and can
be derived by a repetition of single faults). Fracture frequency analyses from the database
show that the variability of splay frequencies is much lower compared to that of the
master faults. There are preferred orientations of the faults: about 75% of the mapped
faults are subvertical and strike NW-SE. Most of the remaining features are steep too but
have different strike directions, often SW-NE. Faults could be traced along the tunnel
over distances of at least 20 m. Reconnaissance mapping at surface outcrops on Aspo
suggests that faults similar to those mapped in the tunnel have extents in the order of
tens to hundreds of meters and that along fault strike, the different fault types blend into
each other (type 1 may become a type 3 or 5 feature or vice versa). The mineralogy of
fracture infills as well as the type of wallrock alteration are identical and cannot be used
as distinction criteria for the five fault types.

The geometric parameters of the fracture network of the TRUE-1 block are shown in
Figure 3-2. A mean fracture frequency value of 4.5 m"1 has been obtained based on the
BIP data. Fracture frequencies derived from tunnel-wall maps and line countings are not
fully comparable because only fractures >0.2 m in trace length have been considered.
There is a clear anisotropy of fracture frequencies, which becomes evident when looking
at the stereograms (Figure 3-2). The majority of the fractures contributing to the fracture
network are subvertical and strike NW-SE. The dominance of rather short fractures is an
important finding for the TRUE-1 block (more than 90 % of the fractures have trace
lengths < 1 m). It can be concluded that within the TRUE-1 block, there are only very
few fractures with trace lengths larger than one tunnel diameter, and major faults or fault
zones seem to be absent. Given the high fracture frequency and the variability of
orientation, the fracture network is clearly interconnected.

4 Conceptualisation

A set of conceptual models for larger-scale faults has been derived and presented in
MAZUREK et al. (1996). Even in a fault that, on a macroscopic scale, is constituted of
one single discontinuity, flow is distributed into a small-scale network of individual
fractures that constitute the detailed architecture of the fault. This small-scale flow
network can be simplified to orthogonal sets of parallel plates. Fault gouges and
cataclasites are located next to the open fractures, and other rock domains close ot the
fractures include mylonites, altered rims and fresh rock. In altered host rock porosity is
increased, while ductile deformation (mylonites) leads to a reduction of matrix porosity
due to recrystallisation. In mylonites, with porosities as low as 0.04 vol%, difiiision is
expected to be much less efficient than in rock unaffected by ductile deformation. Fault
gouges have enhanced porosities (10-20 vol%) and are well accessible for matrix
diffusion (see also Heer and Smith, 1998).
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Figure 3-1 Fault geometries of the five types of water conducting features on a scale
of meters. <j> = arithmetic mean.



Figure 3-2 Frequencies, trace lengths and orientations of fractures in the TRUE-1 block.



Figure 4-1 Generic model of the TRUE-1 block.
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At the present stage, the internal structure of the TRUE-1 block (as an example of a
block containing mainly small-scale discontinuities) is characterized by a generic and a
deterministic model. The generic block model (shwon in Figure 4-1) integrates the
fracture geometry on different scales. It starts with a cube of 25 m side length (similar to
that of the whole TRUE-1 block) and ends with small cubes of 0.5 m side length. In the
latter, the geometries of the lithologies and the fractures are compiled. These parameters
show that fracture frequencies in zones affected by ductile deformation (mylonites) are
enhanced. Thus the anisotropy of the ductile fabric guides later fracture formation and is
responsible for their preferred orientations and increased frequencies. Although an
interconnected fracture network exists throughout the TRUE-1 block, zones with ductile
precursors represent major flow paths.

The deterministic model combines the geometry of the ductile precursors such as
mylonites (from the drillcore database) with the fracture network (from the BIP
database). This results in an interconnected fracture network along the boreholes
consisting of zones of higher frequencies (mainly bound to the mylonites) which are
connected to zones of lower frequencies outwith the mylonites. Correlation of individual
fractures inbetween the boreholes is impossible due to the fact that more than 90% of
fractures have trace lenghts shorter than 1 m. This leads to two extreme model cases:
"highway against network". The highway solution connects the zones with increased
fracture frequency but leaves the space inbetween empty. The network solution can be
considered as the highway solution plus the filling up of the empty space by stochastic
fracture realisations, which obey the results of the fracture geometry (e.g. Figure 3-2).
Such realisations are under elaboration at present.

5 Conclusions

• The methodology of characterising and conceptualizing water-conducting features is
site-specific and also depends on the scale of observation.

• Small-scale fractures in weakly faulted blocks, such as the TRUE-1 block, can be
characterised by data derived from core logging, BIP imaging of the borehole wall,
tunnel-wall mapping and line counting.

• Fractures in tectonic faults and fault zones are interconnected with fractures in
weakly faulted zones such as the TRUE-1 block.
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