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Overview

Low permeability sand and shale reservoirs in the US Rocky Mountain region are estimated
to hold nearly 7000 tcf of gas reserves (DOE 2003). In a typical reservoir, hundreds or
thousands of faef stacked fluvial sands are gas charged, with natural and induced fractures
being essential for economic gas production. While seismic data is useful for identifying
major geologic interfaces and faults, the thin and complex nature of these chadsaersan
typically below seismic resolution confouding interpretation at the reservoir level. Well
planning optimization generally consists of progressive downspacing of wells, aided by a
regional understanding of pressure gradients and fracture andosieesations.

Extensive seismic experimentation has been performed over the Rulison fitight-gaso field in
westcentral Colorado, USA, as part of the mykar Reservoir Characterization Project.
Over the past five years, three separate seismic sunasgsbeen performed over this field,
using 9component seismic technology. This combined application of time lapse and multi
component seismic techniques has provided unique insights into fault and fracture
orientations and reservoir pressure changestieg from gas production. An additional
seismic technique, passive microseismic monitoring, is supplying an additional reservoir
perspective, confirming hydraulic fracture orientation estimates and quantifying the
effectiveness of well stimulation effist In combination, the integrated application of multi
scale seismic, spanning tidegse, multicomponent and passive measurements, is leading to
better understanding of key properties determining well production in a typicagéight
reservoir

Reservoir Details

Fluvial sands of the Lower Cretaceous Williams Horknation, and their regional US Rocky
Mountain equivalent, contaextraordinarygas reserves. In the Piceance Basin of west

central Colorado, low matrix permeabilities in the ranfyd @o 2 microdarcies and porosities

of 6 to 14% make economic gas puction a challenge (Davis 2006). In the southern part of
the basin, the Rulison field produces gas from aféd00column of 20 to 30 stacked channels
(Figure 1) With proper alignmet with natural fractures, complemented with typically 4 or 5
hydraulic fracture treatments, effective permeabilities can be enhanced to between 10 and 50
microdarcies and individual wells can produce over 1.5 BCF.
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Figureli Outcrop showing stacketlvial sands of the Mesaverde groupich provide
700+ feet of gabearing reservoir in the Rulison Field of wesntral Colorado

Traditional development strategies in tigfas reservoirs consists of methodically placing
vertical well paths at increagily denser spacing intervals. Current well spacing in the

Rulision field ranges between approximately 10 and 20 aS&aslar tight-gas fields in

adjacent basinsave well spacings as dense as 5 acres and often share common surface pads
for reduced envonmental impactOptimization of well placement and completions requires
reliable estimates of pressure dmath fracture orientation and density.

JQHOODKS&

The thin and complex nature of sand channels in typicalggbtreservoirs presents

considerable challenges to fitraditional 0 seismic data. Interpretation of single P-wave surface
seismic surveys cagenerally identify major interfacéike regionalcoalsor unconformities,

which may represent containing boundsuid reservoir zones. Similarity and seismic

attributes can be instrumental in identify major fault zones, which may also represent limits of
optimal production. With sand thicknesses in the range of 10 to 20 feet, traditional seismic
data rarely has thesolution to aid in the identification of individual channel features.

Horizon and fault interpretation, using seismic and similarity attributes, defines the major
reservoir boundaries in the Rulison Field. In tight reservoirs, however, key prajes to
understand are pressure and fracture orientation and density. While the curvature fifamilyo of
attributes can provide some insight into fracture character, single seismic volumes generally
provide limited value in tighgas reservoirs. A trio @merging seismic technologies: time
lapse, multicomponent and microseismic may offer new options for better understanding
tight-gas reservoirs.
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