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2. West Mine Case Study

Fig 2. (A B). Regions of low coplanarity 
C) Surface is restored after smoothing operations. (D) 

Increases in frequency density for dip and (E) dip azimuth may indicate the presence of subparallel frac-
ture sets. (F G) 
Areas of low coplanarity indicate the presence of fracture traces. -
ddddddddddddddddd ..............................................................................ss.........................

Fracture spacing and trace lengths collected using ‘virtual scanlines’ (Voyet et al 
2006) and compared to results from congruent manual scanlines ssssssssssss

RGB triangular irregular networks (TIN) generated using in-house software, with 
surface attributes calculated using moment of inertia analysis (Fernández 2005) 

3. Digital Discontinuity Analysis

Surfaces optimised via smoothing of high coplanarity regions (Fig 2a-c)eeee 

Frequency distributions of TIN surface orientation used to identify sets  (Fig 2d,e)

-
plays of coplanarity used to identify fracture traces (Fig 2f,g)dddddddddddddd 

Fracture orientations measured from outcrop models (Fig 5b) compared to 
those from a manual scanline dataset from the Alderley locality ddddddddd 

Virtual and manual fracture attributes used to construct discrete fracture net-
works (DFN), which are upscaled to equivalent porous medium (EPM) properties 

Acknowledgements

Total E & P is gratefully acknowledged

6. Conclusion
5 Lidar geometric fracture properties have a high degree of equivalence to 

manual measurements -

Data capture and analysis is an order of magnitude faster, and allows greater 
representation of the exposure than conventional methods xxxfxcdxxxxxxxxx

However,  resolution dependent censoring relating to sensor and data structure 
limitations results in a contraction in  network storage capacity and permeability

This objective is hindered by conventional methods of fracture characterisation 
-

solving key network properties (lineament mapping) 

unconventional and structurally complex reservoir objectives ccccdddddddd-

1. Motivation and Aims

Fig 3. (A) Density plots showing manual scanline and lidar derived fracture orientation distri-
butions. (B) NE-SW subhorizontal and north-south / east-west subvertical sets delineated using the clus-
tering algorithm of Wallbrecher (1978).

1
0

25

Density
(%)

1
0

17

NN

Manual Fractures (n = 631) Virtual Fractures (n = 1377)

NN

Set 1

Set 2

Set 3

B

A

Set 1: Manual Scanline

N
um

be
r o

f t
ra

ce
s

Trace length (m)
76543210

6

5

4

3

2

1

0
8 9

Complete Traces
Censored Traces

9.07.56.04.53.01.5

6

5

4

3

2

1

0

N
um

be
r o

f t
ra

ce
s

Trace length (m)

Complete Traces
Censored Traces

Set 2: Manual Scanline

N
um

be
r o

f t
ra

ce
s

Trace length (m)
7.22.41.2

9
8
7
6
5
4
3
2
1
0

Complete Traces
Censored Traces

65210

9
8
7
6
5
4
3
2
1
0

N
um

be
r o

f t
ra

ce
s

Trace length (m)

Complete Traces
Censored Traces

8.47.26.04.83.62.41.20.0

10

8

6

4

2

0

N
um

be
r o

f t
ra

ce
s

Set 3: Manual Scanline

Trace length (m)

Complete Traces
Censored Traces

N
um

be
r o

f t
ra

ce
s

543210

7

6

5

4

3

2

1

0

Trace length (m)

Complete Traces
Censored Traces

Set 1: Virtual Scanline Set 2: Virtual Scanline Set 3: Virtual Scanline

Fig 4. Trace length frequency distributions from manual and virtual scanlines.

Manual and virtual fracture orientation distributions show excellent agreement,
Fig 3). Moreover, geometrically

corrected lidar fracture length and density (e.g. Terzaghi 1965; Odling 1997 / Fig 4) 
are broadly comparable to manually derived equivalents. However, systematic un-
derestimation of fracture trace length and density are observed within the lidar 

downsampling of projected imagery, resulting in resolution dependent censoring.eIn this study, we develop terrestrial lidar based digital discontinuity analysis 
techniques as alternatives to such methods. Validation and calibration is at-
tained through comparison with an equivalent manually collected dataset       
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Fig 5. (A,B) Lidar outcrop models form the propri-
etory medium for the extraction of geometric fracture network properties. (C) Comparison of virtually 
and manually derived DFN models, with upscaled EPM properties indic
of spatial aliasing results in a 15-50% contraction in EPM properties in the lidar derived DFN.  

the manual equivalent (Fig 5).eeeeeeeeeeeeeeeeeeeegdddjjjjjjjjjjjjjjjjjjjjjjjjddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddggggggggggggggggggggggggggggggggggggggggggggggggggeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

We mapped exposures of the Triassic aged Helsby Sandstone Formation (HSF), a 
direct analogue of the producing Ormskirk Sandstone Formation of the East Irish 
Sea Basin, within the West Mine, Alderley Edge, Cheshire (Fig 2), using  terrestrial 

control over the fracture network, prove conducive to the extraction of fracture at-
eeeeeeeeeeee
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Fig 1. (A B) 
Bedrock geology of the Cheshire Basin indicating the location of Alderley Edge. (C)  The Alderley Horst 
Block with the location of the West Mine indicated (HSF/WSF: Helsby / Wilmslow Sandstone Formations).
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