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[1] With a novel imaging technique that uses holographic
recarding and reconstruction to perform laser-ranging into
translucent media, we have imaged seveml grain layers inko
a sandstone samote. Three-dimensional wicroscale (10
micron lateral and 30 micron depth regolution) information
on grain size and geometry was obtained as deep as 400
microns into the sample withowt thin-sectioning. Surficial
grain features in the holographic reconstruction were
associated with features observed using conventional
optical and scanning elgciron microscopy. This imaging
technigue represents a new form of nondestructive
evaluation of grain and pore structure in reservoir rock by
acquiting full-field images at variable depths, unlike
sequential scanning microscopy Lhat requires tomographic
reconstruction. INDEX TERMS: 5114 Physical Propentics of
Rocks: Permesbility and porosity, 5194 Physical Proporties of
Rocks: Instruments and techniques; 5199 Physical Propertics
of Rocks: General or misecilaneous; 1394 Hydrology:
Instrwmgnts angd techniques; 1399 Hydrology: Qeneral or
miscellaneous, Citatlon: Yu, P, M. Muostata, D. Chen, L. 1.
Pyrak-MNolte, and I, D. Nolte, Holographic 3-I [aser imaging into
sundstone, Ceoplivs. Res. Leww., 29(20% 1988, doi: L0 1029/
N2AL015108, 2002.

1. Tntredoction

[2] The principal challenge of up-sealing techniques for
nwilti-phase fluid dynamics in porous media is ko determine
which properties on the micro-scale can be used to pradict
macroscopic flow and spatial distribution of phases at core-
and field-scales. First-principle theoretical formulations
over the past decade have been derived from rigorous
volume averaging theorems in which microscopic interfa-
cial behavior is explicitly incorporated [Muccing ef al.,
1993]. In coptrast 10 the raditional importance placed on
volume saturation, these theories have proposed that inter-
facial arens per volume more directly predict macroscopic
behavior, and that this varable may govem the observed
hysteresis in snturation-capillary pressure relationships
[Reeves and Celia, 1996].

[] Despite the imporiance of testing mlerfamal theoties,
interfacial areas per volume are considerably more difficult
to measure than partial volume sahurations. Volumes can be
measured by simple volume displacements, by weight, or
by altenugtion coefficients in commercial radiation logging
apparatug. Interfacial areas ingide opaque rock, on the other
hand, have been largely inaccessible. Most advanced imug-
ing technigues do not have the appropriate spatial resolution
to measure interfacial areas at the pore-scale. Although
several imaging technigues have made inroads to rthis
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problem, such as x-ray microtomography [Spanne ef al.,
1992; Spanne e al,, 1994), confoeal microscopy [Fredrich
el al, 1995, Montors et ol [995] and metal-injection
[Pyrak-Nolte et ol 1997], these techmiques have not pre-
viously provided mfunnatlun appmpnate for the testing of
upscaling theories.

[4] Thiz paper describes a holographic laser-ranging
technique cafled optical coherence imaging (OCI) thar
images throngh the first several layers of grains in 2 sand-
stone tock care. Dpiical eoherence imaging is an advance-
ment on optical coherence tomography (QCT) which is a
well-established laser imaging technique for imaging
through tranglucenl media {fzan et o, 1957]). OCT has
been most commonly applisd to shallow imaging throngh
biglogical tissue [fzae et af., 1996; Pan et al., 1990; Tearney
et af., 1997]. The principai of operation for OCT relies on
the coherent natre of laser light. When laser light prop-
agates through a translucent medium, part of the light
scatters off oplical heterageneities, while part coniinues to
propegate unscatiered, and reflects off buried objects of
interest. This vnscatterad light is sometines called “bailis-
tie™ light [Wanyg et af., 1991].

[s] In conventional imaging svatlered light obscures the
image of interest carried by the ballistie light, However, the
wedk image-bearing light remains coherent with the criginal
laser benm. OCT detects only the coherent image-bearing
light, while rejecting the incoherent scatbergd light. This
“goherence detection™ has been demonstrated successfully
in conventional OCT systems by changing the length of one
of the arms in an interferometer. Light iz collected from
different depthg in the specimen, thereby performing as a
lager ranging system with the added rejection of background
scattered light, Conventionnl OCT performs point-by-point
scanning, which is not compatible with imaging directly to a
video televiewer screen.

[6] We have developed a full-frame variant of OCT cailed
optical coherence imaging. Cptical coherence imaging uses
the echerence of the ballistic light — and the incoherence of
the unwanted obsenring light — 1o write an optical hologram
of only the light carrying the image of interest [Jones &t af.,
1996]. Becaunge the coherence detector is & hologram, it
captures & full image in a single shot [Hpde ef al, 1996].
Therefore, this penetrating-imaging system can acquire
video images that can be viewed in real time on a tele-
viewer, end recorded on r video cussette [Jowes ef al,
1998, This has an advantage over other penetrating-itnag-
ing processes, swch as confocal microscopy, which must
scan poink-by-point.

[7] Previous oplical coherence imaging demonstmtions
have been primarily used for free-space three-dimensional
topography and for imaging through turbid media. No
previous work has attempted to image into materials such
as sundstone because of the difficulties of the strong laser

49 - |






