Characterisation of fracture networks using data from borehole: an example from the concealed Borrowdale Volcanic Group in west Cumbria. 
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Abstract:  The Borrowdale Volcanic Group (BVG) in west Cumbria, northwestern England, comprises a thick sequence of pyroclastic rocks dominated by relatively homogeneous, welded ignimbrite units. Between 1989 and 1997, the group was investigated intensively by UK Nirex Ltd. As the potential host rock for an underground repository for radioactive waste. At the proposed repository location, near Sellafield, the volcanic rocks are concealed beneath about 450m of Permo-Triassic cover. Site specific fracture data were acquired from logging of cores and from processed electrical and acoustic wall images of 28 vertical or steeply inclined boreholes. Cores and imagery produced large fracture datasets, but the datasets could not easily be combined for purposes of interpretation. A simple graphic method allowed rapid appraisal of a range of fracture attributes in relation to depth and geological context. However, full characterisation of the fracture network relied on orientation data derived from borehole imagery. 

Fracture orientation is quite varied and fracture frequency generally is high. Consequently, the data provide a unique illustration of sampling in boreholes. In this paper, two contrasting sampling effects are recognised. Orientation bias, involves progressive decrease in the number of fractures encountered as the angle to the borehole decreases. This effect may be compensated for by the use of the Terzaghi method. Although orientation bias is predictable, modelling indicates that it may be possible, although difficult, to distinguish between different populations (e.g. unimodal, or bimodal) of fractures. Censoring involves the nonsampling (or non-systematic undersampling) of fractures, because of the logging or imaging methods being unsuitable for detecting certain orientations of fractures. This is particularly evident in the imagery orientation data, where the borehole-parallel features are rarely sampled, but may also occur for other reasons, e.g. the nonsampling (or undersampling) of borehole-normal fractures, resulting from confusion with coring induced fractures. In practice only features at a moderate angle to the borehole are sampled accurately. A new compensation method has been developed to take account of this. It is based on derivation of a probability density function of the population from uncensored parts of the sampled range, with application of the Terzaghi correction where necessary. Final assessment of the fracture population, with accurate compensation of sampling effects, may require data from boreholes with widely differing orientations, or data from outcrop.

