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Introduction

Horizontal drilling and multiple-stage hydraulic fracturing
(multi-frac) stimulation technologies have greatly aug-
mented gasand liquidsresourcesand reservesin theuncon-
ventional reservoirsof British Columbia(BC) over the past
several years. However, little new unconventional oil po-
tential hasbeen identified, even though substantial conven-
tional oil pools have been producing for decades. To ad-
dress this issue, Geoscience BC commissioned a study to
determinethe potential for new tight oil exploration and ex-
ploitation fairways, accessiblethrough modern drilling and
completions technologies.

Clarkson and Pedersen (2011) analyzed the spectrum of
known unconventional oil plays, and assigned them to
three categories:

e Tight oil plays—clastic or carbonate rock reservoirs
with low permeability, requiring horizontal drilling and
multi-frac stimulation to produce oil at economic rates.
The middle Bakken Formation sandstone of the Willis-
ton Basin and portions of the Montney Formationin Al-
berta and BC are good examples.

e Halo ail plays—lower permeability fringes flanking
conventional clastic and carbonate rock reservoirs,
which can be developed with horizontal multi-frac
wellbores to enlarge the original play area. Halo il
playsmay extend vertically fromaconventional pool, as
well as laterally. The Cardium Formation in west-cen-
tral Albertais the best Canadian example.

e Shaleoil plays—oil accumul ationshosted by trueshales
and/or mudrocks. Thesearerelatively rare, andthereisa
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body of work suggesting that pore networks in true
shales can produce liquids-rich gas, but not actual oil
(Dembicki, 2014). The Second White Specks Forma-
tion of west-central and southern Alberta has been sug-
gested as an example of a shale oil play, but detailed
work suggeststhat associated tight sandstone beds with
extensive natural fracturing are responsible for much of
the production. Appraisal of other potential shaleoil re-
servoirs, such as the Duvernay Formation and Gordon-
dale Member (“Nordegg” Member), has failed to pro-
duce oil at economic rates to date.

Petrel Robertson Consulting Ltd., Trican Geological Solu-
tions Ltd. and CGG Consulting Calgary have undertaken
an assessment of new resource oil potential in northeastern
BC, guided by the Clarkson and Pedersen (2011) classifica-
tion. The Montney Formation was excluded from the pro-
ject, asitstight oil potential has been the subject of consid-
erable work to date (e.g., Ferri et al., 2013).

Progress Summary

Twenty-one potential resource oil plays were identified in
northeastern BC and they were classified according to their
overall productive potential, based upon the team’s exten-
sive knowledge of BC conventional and unconventional
petroleum geology (Table 1). Existing analytical datawere
compiled to support play analysis, grouping the informa-
tion into the following categories:
e source rock analysis, including thermal maturity, or-
ganic richness and hydrocarbon composition parame-
ters;

e adsorption/desorption tests;

o X-ray diffraction (XRD) and X -ray fluorescence (XRF);
e scanning electron microscopy (SEM);

e standard petrographic (thin section) analysis; and

e geomechanical testing.
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Figure 1. Oil production rate versus first order material balance time for four horizontal
wells completed in the Chinkeh Formation on the western flank of the gas pool in the Max-
hamish field, northeastern British Columbia. Three of the four wells have a slope less than
the reference Y2 slope which indicates transient flow, meaning that the wells are not seeing
production interference from offset wells or from geological barriers, for at least 3-5 years.
In other words, the oil in place contacted by each well is continually increasing throughout
transient flow, indicating potentially large untapped oil resources.
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Figure 2. Oil production rate versus cumulative oil production for the same four horizontal
wells in Figure 1, completed in the Chinkeh Formation on the western flank of the Maxha-
mish gas pool, northeastern British Columbia. On this graph, the so-called harmonic plot,
three of the four wells show no sharp decrease in oil rate with increasing cumulative pro-
duction. This provides additional corroboration that the wells are in long-term transient
flow.
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Data were gathered from the technical literature, govern-
ment survey reportsand analytical filessubmittedtothe BC
Oil and Gas Commission (BCOGC) by operators, yielding
results from 752 wells. Between one and five stratigraphic
units were analyzed in each well. Creating a comprehen-
sive compilation was a much larger task than originally
contemplated, but was essential to play characterization
and to guide acquisition of new datasets. The BCOGC fa-
cilitated this work by providing partial compilations and
accessto datafiles. Some analytical work completed in the
past, when BCOGC did not require submission of reports,
is not available and therefore not included in the compila-
tion.

Comparing existing analytical dataagainst the spectrum of
resource oil plays, new laboratory sampling of cores and
analytical testing was identified to fill gaps in existing
datasets. Trican Geological Solutions Ltd. (Trican) under-
took the sampling work, and by the end of September 2016
had sampled, described and photographed cores from 12
wells, and had completed much of the analytical work for
thosewells. Table 2 illustrates results of sourcerock analy-
sis on samples from the Chinkeh and Toad/Grayling
formationsinthecorefromthe GSENR (ECA) Maxhamish
D-48-B/94-0-11 well (universal well identifier
200D048B09401100, BC Oil and Gas Commission,
2016), and Table 3 displays mineralogical compositions
derived from XRD work on the same samples. After com-
pleting the compilation of existing dataand consultation on
results of Trican’s work to date, the team will select addi-
tional core for sampling and analytical testing. Drill cut-
tingsmay also besampledtofill critical dataset vacancies.

CGG Consulting Calgary is undertaking reservoir engi-
neering analysis of potential resource oil plays with two
primary goals: characterizing the fracability of potential
reservoirs, and identifying fairwayswhereexisting oil pro-
duction data suggest the presence of substantial oil re-
sources occurring inlow-permeability halo accumulations.
Analysis of oil production from horizontal and vertical
wellsin the Chinkeh Formation on the western (downdip)
flank of the gas pool in the Maxhamish field shows long-
term transient flow from many wells, indicating potential
for regionally extensive low-permeability oil accumula-
tions(Figures1, 2). Future productive behaviour of tight oil

20

prospects, like the Chinkeh Formation, will be modelled
once all data are compiled.

Deliverables

For each resource oil play, fina project reporting will in-
clude
e reservoir mapping and facies characterization, related
to existing conventional pools, where applicable;
e reservoir quality assessment, incorporating mineral ogi-
cal data and porosity/permeability characteristics;
e assessment of geochemistry (source rock analysis),
hydrogeology and fluid distributions
- identification of abnormally pressured fairways,
where present and supported by pressure and pro-
duction data;
e assessment of geomechanical properties and resulting
productive potential; and
e summary of resource potential characterization, includ-
ing volumetric resource estimates and estimates of pro-
ducible potential, guided by existing production and
reservoir engineering analysis.

The study will wrap up with discussion and recommenda-
tionsregarding exploration for and appraisal of the highest
potential resource oil plays.
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