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Abstract: Crossfield is located in the province of Alberta in Canada and is one of the most well-
known reservoirs of hydrocarbons. Since the 1950s, there has been continuous exploitation of more
than 10 formations such as Cardium, Viking, Ellerslie, Elkton, Shunda, and Wabamun. Because
of its location near the Foothills, the southwestern part of the Western Canada Sedimentary Basin,
the Crossfield area has a complex geology and relatively deeper reservoirs, therefore requiring an
in-depth examination of each formation. In this study, geological, technical, and economic analyses
were performed on each formation within the 10 sections of the study lands in the Crossfield area.
As the result of the study, there was potential for drilling 48 horizontal wells in the Cardium A zone
and the Viking formation. In addition, it turned out to be economically feasible even at the WTI
price of 60 dollars per barrel considering Alberta’s Royalty Framework, which is determined by the
production rate and the price of oil, and the Horizontal Oil New Well Royalty Rate feature. A further
study is required to investigate the exploitation potential of the Cardium B zone, the Ellerslie, and
the Elkton formations in this area.

Keywords: Western Canada Sedimentary Basin; crossfield; exploitation potential; alberta royalty
framework; economic analysis

1. Introduction

Located in the southwestern part of Alberta, Crossfield is approximately 70 km north of
Calgary and produces oil and gas from several formations of the Cretaceous, Mississippian,
and Devonian ages. Starting with the exploitation of Elkton reservoirs in the mid-1950s
followed by continuous exploitations and long-term productions from the Cardium, Waba-
mun, Viking, Ellerslie, and Shunda formations, it became one of the most important oilfields
in Canada. Currently, there are companies such as ExxonMobil, TAQA North, Harvest
Operations, TransGlobe Energy, and Steelhead Petroleum, that are actively exploiting oil
and gas reservoirs in the area.

The target land of this study is 10 sections located at Township 28–31, Range 1–4 of
Meridian 5 (T28-31, R1-4W5). In Alberta Township Survey (ATS) System, a section is a
one-by-one mile square with an area of 256 hectares; therefore, the total area is equal to
2560 hectares (25.6 km2). The Western Canada Sedimentary Basin (WCSB) extends from
the east thrust belt region of the Rocky Mountains called the Foothills, to the province of
Manitoba where the basin becomes shallower and eventually disappears [1]. The study
area is located to the east of Southern Foothills, or the southwestern part of the WCSB.
Therefore, this area has deeper reservoirs compared to other WCSB areas and has more than
10 formations that contain hydrocarbons, requiring in-depth investigation for evaluating
its exploitation potential.

The area of study contains several hydrocarbon reservoirs formed in different periods;
thus it is essential to understand the geological history and structure, and to analyze the
production potential in each formation. Correspondingly, the exploitation can be performed
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in several ways; selective, sequential, or integrative method, which makes the analysis of
its production potential more crucial. Additionally, to determine the optimal placement of
the horizontal wells which are commonly used in North America, a petrophysical analysis
along with a prediction of production potential are required. An analysis of hydrocarbon
exploitation potential includes the analyses of the geological structure of the reservoir,
petrophysical logging, reservoir properties based on the core analysis data, and lastly, the
evaluation of the accessibility by examining the infrastructure in the vicinity. Based on
these analyses, the drilling location of the vertical or horizontal wells, and the production
and economics of each well can be determined.

Hence, in this study, the characteristics of each reservoir in the Crossfield area were
investigated from the historical exploration, exploitation, and production data. Based on
these investigations, the reservoir properties were estimated. The Cardium and Viking
formations that are found to have hydrocarbon potential from the study, and also Ellerslie
and Elkton formations were analyzed for their exploitation potential and then evaluated
for the economics.

2. Exploitation Review
2.1. Crossfield

Most of the oil and gas in Canada is produced from the WCSB. Crossfield is a plain
located in Southern Alberta, in the southwestern part of WCSB, approximately 70 km north
of Calgary as in Figure 1.

Figure 1
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Figure 1. Location of Crossfield in Alberta, Canada.

There has been oil and gas production in Crossfield since the 1950s, especially from
the major formations such as the Cardium, Viking, and Ellerslie formations from the
Cretaceous period, the Elkton, Shunda, Pekisko formations from the Mississippian period,
and the Wabamun formation from the Devonian period. The major drilling activities in
each formation occurred in the early-1960s, the mid-1980s and early-2010s for the Cardium,
early-1980s and early-2010s for the Viking, and late-2000s for the Ellerslie. The Elkton was
drilled in the mid-1950s and late-1990s, and the Wabamun in the late-1960s [2]. Figure 2
shows the current state of drilling to the major formations, the stratigraphy, and the location
of the study area.
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Figure 2. Multi-zone oil and gas producers in the study area.

Examination of the production in the Crossfield area (T28-31, R1-4W5) indicates the
Cardium is the most drilled formation and has the best production, followed by the Elkton,
Shunda, and Pekisko. The Viking and Ellerslie are also major producers of the area. Within
the area, the well with the best production history is the 10-5-T30-R2W5 well that has
been abandoned in 1958, after total production of 14.3 MMboe (Barrel of Oil Equivalent)
including 480 Mbbls of condensates. The Cardium wells adjacent to the target land also
have excellent productions, especially 6-35-T29-R3W5, 14-35-T29-R3W5, 8-9-T30-R3W5,
14-9-T30-R3W5, and 16-9-T30-R3W5 wells which have combined production of more than
500Mboe [3].

Table 1 is the summary of the major formations, their drilling activities, and production
history. The wells with decent production close to the study area are producing from the
Cardium and Viking. The target land is located south of the Ellerslie and Elkton well with
the best production, and to the west of the best producing Elkton well.

Table 1. Total spuds and average 3 months cumulative production of the study area (McKenzie, 2016).

Zone of
Interest

Well Specification
(Spud over 100 Wells)

Ave. 3 m Cum.
Total (Mboe)

Ave. 3 m Cum.
Oil (Mbbls)

Ave. 3 m Cum.
Cond. (Mbbls)

Ave. 3 m Cum.
Gas (Mboe)

Spud Dev/VT HZ Dev/VT HZ Dev/VT HZ Dev/VT HZ Dev/VT HZ

Cardium 448 282 91 11.2 10.6 9.6 8.4 0 0 1.6 2.1
Viking 117 56 20 4.8 6.4 1.2 1.7 0 0 3.7 4.7

Ellerslie 149 58 33 7.6 23.1 1.1 0.9 0.2 0.1 6.3 22.2
Elkton 220 155 19 143.5 89.7 23.4 16.6 8.7 0.1 111.4 73.0

Suunda 124 13 5 807.2 28.3 371.7 21.1 393.5 0 42.0 7.2

There are several oil and gas pools in Crossfield, and one of the main pools is the
Crossfield Cardium A pool that has 153.5 MMbbls of original oil in place (OOIP) with
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the production of 24 MMbbls of oil (38◦ API) until today, which is a recovery factor of
15.6%. The Harmattan East Viking pool has produced 15.6 MMbbls of oil (37◦ API) out of
51.5 MMbbls of OOIP, and 30.1% of oil is recovered. There are also many gas pools in the
Crossfield area; the Crossfield Elkton A pool has 1099 Bcf (billion cubic feet) of total natural
gas production and the Crossfield Rock Creek A pool has a total of 1126 Bcf production.

2.2. Cardium Exploitation Review
2.2.1. Geology of Cardium

The Cardium formation is from the Late Cretaceous age (approximately 88 million
years ago) made up of clastic wedge that is mainly sandstone. It gradually thins from 150 m
of thickness in the Foothills to 50 m in central Alberta, then disappearing into mudstone
formations. The Cardium is relatively complicated because of the diverse conditions of
deposition. The depositional environment varies from the shallow marine shelf, shoreface
complexes, and tidal environments to estuarine and fluvial coastal plains, which resulted
in varying rock characteristics from mudstone and siltstone to sandstone and thin intervals
of the conglomerate.

The trapping mechanism of the hydrocarbons in the Cardium is a primarily strati-
graphic trap, that results in the collection of abundant pools, and allows for horizontal
development. The hydrocarbons in the Cardium are thought to be derived from neigh-
boring rocks, such as the underlying shale members of the Cretaceous Colorado group. A
main source of the drive energy in the Cardium hydrocarbon system is the associated gas
in the reservoirs, which may require additional infrastructure. However, the water content
in the system is low, which indicates more oil in place and less risk of unwanted aquifer
fracturing. The gas content tends to decrease in the eastern margin where the formation is
shallower, and the source rocks are less thermally mature [4].

Figure 3 shows the distribution of the Cardium A and Cardium B zones from the cross-
sections of the study area, and Figure 4 is the well log and the core analysis data showing
the reservoir characteristics of the Cardium A and B [5]. In Figure 4, each column of the
well log represents the collected gamma ray, neutron porosity, spontaneous potential, and
resistivity at each depth. Cardium A and B zones show different characteristics compared
to the rest of the formation and are, therefore, easily identified with the knowledge of the
regional geology. The core data shows the porosity, permeability, residual oil, grain density,
and lithology at each depth. For the purpose of the analysis, the porosity cutoff of 6%
was used.

The thickness of the Cardium formation is around 20~30 m in the study area [6]. There
exist so-called Cardium A and Cardium B zones within the Cardium formation throughout.
The Cardium B is a long linear barrier bar consisting of highly-porous conglomerates, and
sandstones. It has been drilled with vertical wells from the 1960s to 1980s, and after the
primary recovery was completed, the secondary recovery is ongoing with water injection in
most of the pools. There has been a 9~39% recovery using the water injection in the study
area [7]. Cardium A is one of the typical reservoirs in the WCSB that has been exploited
with horizontal drilling. It has a high content of hydrocarbons but relatively low porosity
and permeability which requires maximizing the production with horizontal wells and
multi-stage fracturing. The main components of the Cardium A are intensely bioturbated,
offshore, and muddy sandstones.

2.2.2. Cardium Exploitation Potential Analysis

The exploitation potential of the Cardium formation in the study area was investigated
by analyzing the regional geological data. First, the Cardium B zone has vertical wells that
have been producing for an extended period of time, which decreased the reservoir pressure
and the production, so some projects utilize water injection to maximize the recovery factor
instead of infill drilling. To determine the potential of the Cardium A zone, the well logs
and core analysis data from more than 50 wells around the study area were analyzed. The
maximum net pay of the target land was found to be 5 m with a 6% porosity cut, and
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based on this finding, the area with net pay between 3 m and 4 m has been classified as a
“possible location” and the area with more than 4 m of net pay was marked as “probable
location” (Figure 5). Assuming 4 horizontal wells with multiple fractures are drilled in each
section, which is typical in Canada, it is possible to drill 14 wells in the possible locations
and 4 wells in the probable locations.

*  Simon Pattison [McMaster University] (1987)
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Figure 3. Stratigraphy of Cardium A and B in the study area (modified from Pattison, 1987 [6]).
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Figure 4. Well log and core analysis of the Cardium A and Cardium B reservoir.
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Figure 5. Cardium A development plan by net pay mapping with economic evaluation.

2.2.3. Cardium Economics

To investigate the economics of drilling a well, the existing multi-fractured horizontal
wells in the study area were analyzed. The reference well was chosen as 01-28-T30-R3W5
well (EUR of 80 Mbbls) within the Cardium D pool (3 m net pay area at 6% porosity cut)
northwest of the target land.

The drilling, completion, equipment, and tie-in (DCET) cost was chosen as 3.5 MM-
CAD (Canadian Dollars) for a well with a true vertical depth (TVD) of 2 km and the
measured depth (MD) of 3.4 km using the example from TransGlobe Energy, which is an
operator in the area [8]. The operating expenses (OPEX) are based on the operation data of
the Harmattan area [9], where the fixed cost is 5000 CAD/month/well and the variable
cost is 10 CAD/bbl. The royalty paid to the provincial government was calculated from
the Alberta Royalty Framework in Appendix A and the Horizontal Oil New Well Royalty
Rate (HONWRR) incentive in Table 2 [10]. The cap volume of oil and timeframe for the
incentive is determined by the measured depth.

Table 2. Alberta’s incentives for new horizontal oil wells (5% royalty until the maximum is reached).

Measured Depth (Meters) <2500 <3000 <3500 <4000 <4500 >4500

Cum. oil produced (Mbbls) 50,000 60,000 70,000 80,000 90,000 100,000
Production month (months) 18 24 30 36 42 48

As the result of the analysis is based on these assumptions, the rate of return was
23.3%, and the net present value at a 10% discount rate (NPV@10) of 1.6 MMCAD at the
WTI 70 USD/bbl (2% annual increase) and CAD/USD exchange rate at 1.33 (Figure 5). This
analysis was based on the 01-28-T30-R3W5 in the area with 3 m net pay at a 6% porosity
cut; therefore, any area over 4 m net pay is expected to have better economics.

A sensitivity analysis was performed with respect to the oil price and DCET cost as in
Table 3. In the analysis, the oil price varied from 60 to 80 USD/bbl, and DCET cost varied
from 3.0 to 4.0 million CAD.
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Table 3. Cardium Economics Sensitivity Analysis with respect to oil price and DCET cost.

IRR (%)
Oil Price (USD/bbl)

NPV (MCAD)
Oil Price (USD/bbl)

60 70 80 60 70 80

DCET
(MMCAD)

3.0 20.7 47.1 113.6
DCET

(MMCAD)

3.0 1188 2069 2927

3.5 9.3 23.3 46.6 3.5 688 1569 2427
4.0 2.8 12.4 25.2 4.0 188 1069 1927

2.3. Viking Exploitation Evaluation
2.3.1. Geology of Viking Formation

The Viking formation and its equivalent strata occur within the Cretaceous Colorado
Group and are Albian in age and extend over nearly the entire WCSB. They are a coarse
clastic interval that prograde from the Cordilleran orogenic belt into the foreland basin in a
wedge shape. Interbedded sandstones and shales of marine influence mainly make up the
Viking units that range from just a few meters in the east to over 175 m in southwestern
Alberta. The Viking and Bow Island formations and the Paddy Member have been the
target for exploratory drilling for several decades as they were proven to be good reservoirs
of oil and gas. The Viking is estimated to contain 5% of the oil and gas reserves in Alberta,
and its equivalent strata are estimated to contain 8% [11]. The paleogeography of the Viking
formation and the cross-section of the Viking in the Crossfield area is shown in Figure 6.

*  source : Alberta Geological Survey
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Figure 6. Regional Viking Geology in Western Canada Sedimentary Basin.

The most actively producing Viking pools near Crossfield are Harmattan (T32-3W5),
Lone Pine (T31-27W4), Ricinus (T32-6W5), and Wildcat Hills (T28-6W5). The Harmattan
pool is the most exploited pool, and it is located just 20 km north of the target land. The
Viking formation in the Harmattan pool has an average thickness of 3 m, porosity of 6%,
and water saturation of 40%, and produced 13 MMbbls of oil and 7 Bcf of gas up to now.
Near the target land, Angle Energy was the company who has been most actively exploiting
the Viking formation and possesses 61.5 sections of land with 45 wells, and Triaxon Oil
drilled 5 wells in 20 sections of land [5].

2.3.2. Viking Exploitation Potential Analysis

After analyzing over 30 wells located within the study area, it is found that the Viking
E and Viking D zones would provide the best hydrocarbon production. Moreover, there are
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several small Viking pools in the vicinity (Figure 7), and the cross-section (Figure 8) tells us
that the main reservoirs, Viking E and D zones, are spread out over most of the study area.
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C 0.56 Bcf

Viking O
C. 0.2 Bcf

Viking T
C. 119 Mbbl

700 MMcf

Viking BB
C. 10 Mbbl

51 MMcf

Viking V
C. 3 Mbbl

1 MMCF Viking Y
C. 500 MMcf

Viking X
C. 700 MMcf

500 bbl

Viking W
C. 27 Mbbl

79 MMcf

Viking B
OGIP 8 Bcf
OOIP 2.4 MMbbl
C. 8 BCF

556 Mbbl

S

N

W E
Viking Gas

Trend

Viking Gas
Trend

Viking PNG Rights
Viking Oil Pool
Viking Gas Pool

Legend

Viking Oil
Trend

Figure 7

Figure 7. Viking oil trend with local oil pools in the study area.
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Figure 8. Viking cross section (N-S, E-W) in the study area.

The maximum net pay of Viking E and D in the target land at 6% porosity cut is
determined to be 8 m from the well logs. Based on this, the area with net pay between
4 m and 6 m is classified as “possible location”, and “probable location” for the area with
net pay between 6 m and 8 m. Assuming 4 horizontal wells per section as in the case of
the Cardium exploitation, there is potential for 16 wells in the possible locations area and
12 wells in the probable locations (Figure 9).

2.3.3. Viking Economics

To analyze the economics of exploiting the Viking formation, 01-20-T30-R3W5 well
(EUR 134 Mbbls) was chosen as the reference well. This well is located northwest of the
target land, in the area with a 3 m net pay at 6% porosity cut.
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Figure 9. Viking development plan by net pay mapping with economic evaluation.

The case history from Triaxon Energy, which was an operator in the neighboring field,
was used to calculate the DCET cost which is determined to be 4 MMCAD for the TVD
of 2.2 km and the MD of 3.6 km [12]. The operating expenses were set equal to that of
the Cardium example, the fixed cost at 5000 CAD/month/well, and the variable cost at
10 CAD/bbl. The Alberta Royalty Framework and the incentive for new horizontal wells
were also applied as in the aforementioned example. Based on these assumptions, the
rate of return is 50.6%, and NPV@10 is 1.7 MMCAD at the WTI price of 70 USD/bbl (2%
increase annually) and CAD/USD exchange ratio of 1.33.

A sensitivity analysis was performed with respect to the oil price and DCET cost as in
Table 4. In the analysis, the oil price varied from 60 to 80 USD/bbl, and DCET cost varied
from 3.0 to 4.0 million CAD.

Table 4. Viking Economics Sensitivity Analysis with respect to oil price and DCET cost.

IRR (%)
Oil Price (USD/bbl)

NPV (MCAD)
Oil Price (USD/bbl)

60 70 80 60 70 80

DCET
(MMCAD)

3.5 41.1 96.0 236.6
DCET

(MMCAD)

3.5 1202 2204 3178
4.0 20.3 50.6 105.0 4.0 702 1704 2678
4.5 6.7 28.5 58.5 4.5 202 1204 2178

2.4. Other Formations

There are exploitation potentials in the formations other than the Cardium and Viking
as mentioned previously, such as the Ellerslie, Elkton, Shunda, and Wabamun formations.
Out of these, the Ellerslie and Elkton were analyzed because of their relatively higher po-
tential. The Ellerslie formation in the study area has an excellent liquid-rich gas production
(Figure 10) and large-scale drilling activities had begun in the north of the land and then
towards the south. The formation has 1~3 m of net pay with a 6% porosity cut in the study
area, which causes difficulties in investigating the existence of reservoirs using outdated
well logs and seismic exploration analysis. Therefore, the Ellerslie requires drilling to
confirm the presence of the reservoirs, preventing any large-scale development although
there are high exploitation potentials.
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Figure 10. Ellerslie development potential in the study area.

To the east of the study area, there is a vast Elkton pool that has cumulative production
of 1.0 Tcf, and other small pools with excellent gas production, such as Rundle A, Rundle
L, and Rundle H pools. Because of these pools, there is a high possibility of development,
but not many wells have been drilled to the Elkton formation (Figure 11), and lacks in
geological data, causing complications for the evaluation of the exploitation potential.
Thus, the Elkton formation requires additional seismic exploration and analysis to further
investigate its potential.

2.5. Summary of the Crossfield Exploitation Potential Analysis

As the result of the analysis of the five formations in the Crossfield area, there is a total
of 48 probable and possible horizontal well locations targeting the Cardium A zone and the
Viking formation, and it is concluded that the evaluation of the exploitation potential of
Cardium B, Ellerslie, and Elkton require additional research. The result of the study for
each formation is summarized in Table 5 and Figure 12.

Table 5. Development potential summary in the Crossfield study area.

Target Fm. TVD
(m)

PNG Right
(Section)

Probable
Location

Possible
Location ROR, NPV@10 Note

Cardium A 2000 5.5 4 14 12.4%, 0.8 MM$ -HZ multi-fracs target

Cardium B 2020 5.5 - - - -mature field with enhanced
oil recovery

Viking 2200 10.0 12 16 58.0%, 2.5 MM$ -HZ multi-fracs target
Ellerslie 2450 8.25 - - - -verified by drilling
Elkton 2550 6.75 - - - -future exploration
Total 16 32
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Figure 11. Elkton development potential in the study area.
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Figure 12. Development summary in the Crossfield study area.

3. Conclusions

In this study, the reservoir characteristics of the formations in the Crossfield area
were investigated through geological analysis and petrophysical interpretation, and the
estimation of the reservoir property was performed. Moreover, the exploitation potential
and the economics were determined for the main formations, the Cardium and the Viking,
and the other formations, the Ellerslie and Elkton. The result of the investigation is
as follows.

3.1. Cardium Formation

The Cardium A zone is one of the most typical reservoirs for horizontal wells in
the WCSB; it is rich in hydrocarbon but has relatively low porosity and permeability and
therefore requires horizontal drilling and multi-stage fracturing to maximize the production.
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In the study area, the maximum net pay of the Cardium A is 5 m at a 6% porosity cut,
resulting in the prospective drilling of 14 horizontal wells in the possible location (net pay
3~4 m) and 4 wells in the probable location (net pay over 4 m). Based on the production data
of the wells and the case histories from the operators in the area, the rate of return would
be 12.4%, payout in 5.3 years, NPV@10 of 0.8 MMCAD at the WTI price of 55 USD/bbl.

3.2. Viking Formation

The Harmattan pool, located north of the study area, is the most actively produced
pool with an average thickness of 3 m at porosity cut of 6%, water saturation of 40%, and
has produced 13 MMbbls of oil and 7 Bcf of gas. From the analysis of the well logs, the
maximum net pay of the Viking E and D is 8 m at 6% porosity cut. A total of 14 horizontal
wells can be drilled in the possible location (net pay 4~6 m) and 12 horizontal wells in
the probable location (net pay 6~8 m). Following the same procedure and the conditions
for determining the economics of the Cardium, the rate of return is 58.0%, the payout is
1.9 years, and NPV@10 is 2.5 MMCAD.

3.3. Ellerslie and Elkton

The Ellerslie formation in the area is an excellent producer of natural gas liquids and
has been the target of large-scale horizontal well development in the northern part of the
area. Therefore, it has potential for exploitation but requires drilling to confirm the existence
of reservoirs, because its thickness is only 1~3 m, and there are difficulties investigating the
reservoir from old well logs and seismic exploration analysis.

Moreover, there are various Elkton gas pools with good production history in the
study area, such as the pool with 1.0 Tcf of cumulative gas production. However, not many
wells are drilled to the Elkton formation and there is a lack of geological data, thus requiring
additional seismic exploration to determine the exploitation potential of the formation.

The result of this study could be a successful exploitation guideline for the companies
targeting not only the Crossfield area but also other various onshore oil and gas reservoirs
in Canada. Additionally, it can provide in-depth knowledge of the WCSB to the researchers
involved in the Canadian oil and gas projects.
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