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Abstract

Horizontal drilling and multi-frac completions have greatly augmented British Columbia gas and liquids resources by providing economic
access to unconventional (low permeability) reservoirs. However, relatively little new unconventional oil production has been brought on
stream in this gas-prone area of the Western Canada Sedimentary Basin. We identified exploration and exploitation fairways for oil in
unconventional reservoirs throughout the stratigraphic column, except for the Montney Formation, as it is already an active oil and liquids
drilling target. Regional geological assessment of reservoir and production trends identified potential in conventional, tight, and shale
reservoirs. We reviewed existing files of analytical data submitted to the Regulator - standard core analysis, geochemistry / maturity,
mineralogy, geomechanical properties - and tabulated them to support future detailed analyses. Where analytical data were lacking on
promising plays, we sampled cores and completed comprehensive laboratory analyses to fill the gaps. Finally, we analyzed test and production
data from a reservoir engineering perspective to better understand the scope and quality of potential resource oil fairways. Of 19 reservoir
intervals deemed suitable for analysis, 10 demonstrated little prospectivity for reasons including: lack of extensive low-permeability reservoir
facies, poor geomechanical properties (low “frackability”), and lack of viable oil charge. Six demonstrated some resource oil potential based on
existing oil shows and favourable geological / geomechanical characteristics, but lacked either substantial horizontal / multi-frac testing, or
evidence of substantive resource oil fairways. Only two reservoirs showed potential to be top-priority unconventional oil targets. Cretaceous
Chinkeh Formation sandstones are prospective for tight oil across a broad, poorly defined fairway downdip from the existing Maxhamish gas
field. The Triassic Halfway Formation presents halo oil potential in limited-permeability shoreface sandstones offsetting conventional
production, which has been focused on higher-quality tidal channel sandstones. New Halfway production could be brought on stream quickly
using existing infrastructure but developing the Chinkeh would require new processing and pipeline construction in a relatively remote part of
the province.
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CHINKEH FORMATION MAXHAMISH FIELD CASE STUDY
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UNCONVENTIONAL OIL PLAY ASSESSMENT IN NORTHEASTERN BRITISH COLUMBIA, CANADA
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HALFWAY FORMATION PEEJAY FOCUS AREA CASE STUDY
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Production Analysis
Peejay Focus Area

In order to assess “halo” oil potential in the Halfway, we examined production from tidal
channel (high-quality) and regional shoreface (generally low-quality) sandstone reservoirs
in the Peejay area, relying on reservoir analysis by Caplan and Moslow (1997, 1999). In
addition to Peejay, the focus study area also includes Halfway pools at Beavertail, Currant,
Bulrush, Doig Rapids and Osprey.

Key parameters for the Peejay area Halfway include:
* Original oil in place: 244 MMBO
* Initial reserves: 86 MMBO
* Production to date: 80.5 MMBO
* Porosity: 9-24% (average 17%)
» Water saturation: 13-52% (average 29%)
* Oil density: 810-846 (average 823) kg/m? (light oil)

Examining test and production data, we discovered (not surprisingly) that almost all
evaluations and completions were conducted on the tidal channel reservoirs, which are
readily distinguished from tighter shoreface sandstones on density and sonic logs.
Shoreface sandstones were tested in a number of wells, but we found only nine wells
where they were DST’d alone, and five where they were completed alone — either
separately from tidal channel facies in the same well, or in wells where there are no tidal
channel facies. Most test results showed the shoreface to be tight by conventional
standards, but oil has been produced from all five Halfway shoreface completions.

At well d-89-C/94-A-16, a Halfway shoreface section was cored, and showed permeabilities
of 4mD or less throughout. An eight-foot section was acidized and frac’d, and 164,730
barrels oil produced at rates up to 100 BOPD between 1966 and 1987. A reservoir
pressure of 1312 psia was taken shortly after production commenced; a measurement in
1986 showed a decline to 435 psia.

Surveying seven offsetting Halfway wells (five producers and two water injectors, all
completed in tidal channel facies), we saw fairly consistent pressure behaviour and good
waterflood responses, with reservoir pressures mostly within a fairly narrow band of
1100-1400 psia. The five producers show limited gas/oil ratio increases and water
breakthrough with increasing water/oil ratios.

Production behaviour at d-89-C demonstrates that it is in a separate reservoir compartment;
besides the declining reservoir pressures, we see little water production and generally
smoothly-declining oil production rates. Compartmentalization results from stratigraphic
separation of the shoreface reservoir at d-89-C from tidal channel reservoirs producing in
the offsetting wells.

Effective horizontal drilling and multi-frac completion of low-permeability shoreface
sandstone “halo” facies could substantially improve oil recovery from the Halfway Fm at
Peejay.
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In the broad fairway of Halfway oil production trending across NEBC, high-quality

:E %}: i r%_ %(: 5 PEEJAY FOCUS AREA tidal channel and upper shoreface reservoirs have been developed in many pools
;‘% ér B B é; 5 = = e - strongly compartmentalized by structural and stratigraphic elements. Most

o = = ; e fs B = Halfway exploration and development was undertaken in the 1980’s and earlier,
= = i I g— 1 i oo and oil pools are developed almost exclusively with conventional vertical wells.
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TIDAL CHANNEL FACIES
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Typical Halfway tidal channel and shoreface facies in core
(Caplan and Moslow, 1997)
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Flanking tidal channel reservoirs, Halfway regional shoreface reservoirs exhibit
consistent reservoir quality, are regionally charged with oil, and are capable of oll
production from vertical wells in isolated cases. Detailed reservoir and
production analysis in the Peejay area demonstrates that there may be abundant
opportunity to develop lower-quality Halfway “halo” shoreface reservoirs in areas
undrained or ineffectively drained by existing vertical producers.

Halfway “halo” oil prospectivity should be assessed offsetting conventional
production along the oil fairway, where abundant historical data are available.
Shoreface reservoir thickness, quality, and in-place oil resources should be
characterized in detail, and detailed structural mapping should be undertaken to
identify reservoir compartments. Horizontal wells may not only enable economic
development of marginal-quality sandstones, but may tap into isolated small tidal
channels or better-quality coquinoid sandstone developments in the shoreface.
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