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Visualizing internal rock structures

New approach spans five scale-orders
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bserved petrophysical properties reflect the characteristics of

areservoir rock at a microscopic scale, thus close inspection

of this microstructure is an indispensable part of core

analysis. While conventional geological core analysis yields

valuable data, it is essentially a 2D description — it only
considers slices and does not directly and accurately address the 3D
nature of the rock fabric and properties. There are apparent
shortcomings to such methods, for example, when one observes
seemingly isolated pores on any 2D slice. It usually remains
unknown whether such pores are connected in the third dimension.
Even using 3D measurements like mercury-porosimetry or nuclear
magnetic resonance, cannot link the results to a specific feature and
location inside the rock.

Computerized tomography (CT) is an non-destructive tool to deter-
mine rock properties in 3D. Originating in the medical field, it has
proven successful in geological work for the examination of the inner
structure of various rock types such as shales, sandstones, and coal;
and the tool has seen wide use in the study of sedimentary structures.

These studies demonstrate the power of CT in geological research,
as well as for classical petrography. The disadvantage of standard
medical CT is that its resolution is too low for detailed geological
research. Recent developments in the pCT field allow a much better
resolution. Some practitioners claim that it is possible to achieve res-
olutions as low as 2 x 2 X 2 ym, depending on the size of the imaged
object.

The application of virtual reality (VR) is playing an increasingly

Micro-computerized tomography can scan different carbonate samples,
which can then be visualized with virtual reality software.

important role in many technical and scientific fields, including engi-
neering, prototyping, architecture, and medicine. Application in the
oil and gas industry to visualize large seismic datasets and potential
drilling trajectories has been relatively recent.

But what is VR? M. Midttun gave the following definition: “A com-
puter-generated artificial world in which users are immersed and
where they can navigate and interact with objects in an intuitive and
natural manner.”

The advantages of using VR to visualize inner rock structures are:

¢ A large-screen visualization system, allowing simultaneous view-

ing by alarge group

¢ A high degree of immersion, focusing the viewer’s attention com-

pletely on the artificial world

¢ Stereo projection to generate depth in the viewer’s perception

¢ Connection to the virtual world via head tracking, where the

viewer can zoom in on or rotate data by stepping forward or
sideways, as one would in the real world

* A 3D mouse-like device to navigate through the data

¢ The ability to share the 3D virtual world with remote sites across

the globe, while needing only low bandwidth telephone connec-

tivity.
Visualizing pCT data

The samples used for this study range from full diameter core (4
in.) to subsamples that were carefully cut out of plugs for routine core
analysis. The subsamples have a cubic shape with a volume of about 1
cucm (~ 10x 10 x 10 mm).

A micro-tomograph, operated by the Federal Institute for Materials
Research and Testing (BAM) at the hard X-ray beamline at the elec-
tron storage ring Bessy Il in Berlin, took the nCT measurements.
Resolutions of 125 pm for the full core down to 10.8 um for the sub-
samples show pore space and pore connections in high detail.

For visualization, software converts each pixel of a CT back to a 3D

The virtual reality environment displays a 10-cm diameter Middle East car-
bonate core. Three volume windows are used to highlight features of the
pore space.
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