Draft Duvernay Play Backgrounder Report

Unconventional Resource Industry Development in the Duvernay Play Regions
Draft Contents for Backgrounder Report
As of October 26, 2015
Executive Summary
This backgrounder document is intended to provide a high-level overview of the Duvernay play in Alberta
through assessment of the history, current activity, and potential future development scenarios for this
large resource play. Some main summary points to emphasize are:


Resource vs. Reserves - even though the Duvernay formation may contain extremely large
volumes of oil, NGLs and gas, so far there has mainly been exploration activity only, and very little
of this resource may be technically and economically viable to produce in the near-term.



Economically Challenged - the stand-alone economics of Duvernay production are relatively
poor compared to other formations and hydrocarbon resources in the U.S. and Western Canada.



Few Motivated Developers - the active developers are mainly focused on resource tenure,
fulfilling contractual commitments, or integrated economics with other projects, rather than standalone Duvernay economics, so future activity levels are uncertain.



High Costs and Uncertainties - there are many uncertainties related to costs, economics, water
impacts, seismic impacts and other facets of the Duvernay development, which will discourage
many companies from rushing to make any additional major investments, beyond their current
commitments.



No, or Low, Proven Reserves Assigned to the Duvernay Formation - as a result of the above
issues there are no formally recognized proven reserves assigned to this formation. “Proven”
reserves assigned to the Duvernay will mainly be attributed to “production already in the tank”,
which was produced from exploration or evaluation wells already drilled. Some producers may
assign “contingent reserves” to some Duvernay assets, but these are dependent on hydrocarbon
commodity prices recovering, and further reductions in capital and operating costs being achieved
for drilling and completions. To be counted as “Remaining Established Reserves” the resources
in place must be demonstrated to be both technically and economically viable at current
conditions on a stand-alone basis.

Edmonton

Calgary

Caution – Resources NOT Reserves or Productivity!!!!!
Figure 1 – the Duvernay Formation in Western Alberta showing the 50% Certainty Distribution of Areas of (from
left to right) Thickest Gas, NGL and Oil Resources in Place (Source: AGS Open File Report 2012-06)
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Historic Perspective of the Duvernay Play Region
Geology – A number of stacked oil, gas and even coal formations are found in Duvernay area of the Western
Canada Sedimentary Basin, and most have seen production in the past, while others are just recently
attracting attention for potential development with horizontal multi-stage fracturing techniques. Each layer of
hydrocarbon resource has different properties due to differences in its geologic history.


Petroleum Systems – This is a term used by geologists to describe the natural process through
which organic material in deep sedimentary rocks are gradually converted to hydrocarbons by
geothermal energy, coming from mountain building or other geologic energy sources. The trapped
organic carbon (also called kerogen), once it is changed to liquids or gas, is able to flow, and since it
is lighter than water, will slowly flow up through natural permeability in the rock formations to
shallower depths where it may be trapped in highly porous formations, which previously only
contained water. Only a portion of the oil and gas generated was captured in conventional traps, so
much of the oil and gas produced has either remained in the source rock, or has returned to the
surface, where it was biodegraded and recirculated through the carbon cycle. While conventional oil
and gas traps are relatively small in size the source rock formations tend to be much larger, thicker,
and continuous over large regions, which were once the bottoms of oceans (marine sediments) or
lakes (lacustrine sediments). Algae and other organisms would fall to the bottom and be trapped
within layers of sand, clay, or limestone eroding off land areas or limestone reefs. The conventional
oil and gas traps may be sediments deposited by rivers or glaciers, or the remnants of limestone
reefs, which often grew in shallow seas beneath what is now Alberta.

Figure 2 – Diagram of a Hydrocarbon System (Sources AGS)


Duvernay Petroleum System – Figure 3 shows a diagram of the Duvernay Petroleum System as
described by the Alberta Geologic Survey, based on data from wells drilled in the province that were
deep enough to penetrate this formation. As can be seen the formation covers most of Alberta north
of Calgary and the types of hydrocarbons found in the Duvernay changes with depth. Generally only
the portion of the Duvernay south of the “Peace River Arch” area is designated as the
Duvernay play in Alberta, while a similar formation north of the arch is called the Muskwa play, but
the Muskwa is similar in size, composition and resources contained within it. The map shows four
separate areas of the system:
o

Immature The blue area is where the Duvernay/Muskwa is relatively shallow, and has not
been heated much, so very little, if any, of the organic material has been thermally converted
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to oil or gas, although, some may have been biologically converted to natural gas by microbes
o
(biogenic gas), which can survive at shallower depths at temperatures below about 80 C.
o

Mature – The green area is the “oil window” where the organic material has been heated
enough to be turned into oil or Natural Gas Liquids (NGL’s), which will also contain some
volumes of methane or other gases like ethane, propane and butane in solution.

o

Overmature – In the gold area the hydrocarbons have been heated to the point where most
of the hydrocarbon material formed has continued to be heated and converted to natural gas.

o

Leduc Reefs/Reef Complexes – The purple areas are major areas where coral reefs grew at
the same time as the Duvernay was forming. They are not part of the Duvernay, but are
generally connected (or were at one time) to the Duvernay so some of the oil and gas
produced in the Duvernay migrated into these formations, which became large conventional
oil and gas reservoirs including Leduc, Redwater, Sturgeon Lake and Homeglen-Rimby.
Figure 4 shows a cross section from NW Alberta to SW Alberta to illustration the geologic
layers which make up the Duvernay Petroleum System.

Figure 3 – Diagram of the Duvernay Hydrocarbon System and Burial Depth to the Top of the Duvernay
Formation from Near Surface in the NE to 5000m in the SW (AGS reports)

Figure 4 – Cross-Section of the Duvernay Hydrocarbon System (AGS)
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Source Rock vs. Trap Rock Characteristics – Figure 5 shows a diagram of the Gulf of Mexico that
shows areas where sedimentary rock is currently being formed that is similar to formations found in
Alberta. (Source: Alberta Dept of Energy Presentation). This shows that the current bottom of the
Gulf of Mexico is similar to the type of deep water region where the Duvernay-like sedimentary
material was deposited, while the Bahama Islands are similar to the Leduc and Nisku formations, and
the Cardium is more like a sand/gravel ocean beach area. The photos surrounding the image show
what the rocks from those areas will eventually look like.
o

Shales – are formed in thin layers of fine material, comprised of both mineral and organic
particles, which were deposited, under generally cold anaerobic conditions, in deep water,
from marine organisms dying and falling to the bottom of the sea and fine mineral particles
blown from shore or settling from surface waters. These are generally the source rocks that
feed oil and gas into other types of formations as the organic material is buried. The minerals
in the shales can be fine carbonate materials eroded off reef structures, shells of marine
organisms, or fine igneous material worn off continental masses or from volcanic activity.

o

Carbonate – is trap rock found in buried reef formations and large shelf structures and often
contains large “vugs”, fractures or even caverns that were carved out of the rock when it was
above the surface of the ocean, which can give it very high permeability. Carbonate reef
formations, when first formed, would contain very little organic matter, but, when topped with
an impermeable shale, like the Ireton in the Duvernay system, become very porous traps that
oil and gas can flow into to form a conventional oil or gas reservoir. About 2/3 of the initial
conventional oil reserves, and about 1/3 of the initial conventional gas reserves found in
Alberta, were mainly discovered in dolomitic carbonate formations, which trapped oil rising
naturally from deeper formations like the Duvernay.

o

Sandstone – These formations are generally found at shallower depths and consist of
alternating layers of sand and gravel deposited on beaches (Cardium) or in river deltas/tidal
flats (Mannville). Most of the permeability is usually found in the gravel (or aggregate) layers.

Sandstone:
Cardium/Mannville

Carbonate:
Nisku/Leduc

Shale:
Duvernay/Montney etc

AGS – Rock Chips Spring/Summer 2003

Figure 5 – Gulf of Mexico Illustrating the Types of Marine Environments where Different Sedimentary Rock
Formations in Alberta were Formed (Source Alberta Energy Presentation)
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Deposit Type – While the term “shale” is used to describe many types of formations with low
permeability, the geochemical composition and physical properties of the shale rock impacts how it reacts
to materials introduced to the well during drilling or well completion activities and to hydraulic forces
applied to the rock to open flow channels. The Duvernay is classed as “bituminous shale” and contains a
high percentage of “organic rich, lime mudstone (limestone)”. The western portions of the Duvernay are
thicker but contain more mineral shale. As the formation rises going east it becomes thinner but has a
higher limestone content. Limestone material tends to be “softer” than other types of rock and can also be
dissolved by acids to open up more permeability. Because the limestone is not very strong it can contain
numerous natural fractures, and even “fracture swarms” formed while the rock was being buried which
provide natural flow channels through the formation.



Hydrocarbon Potential – Based on the geologic information gathered from historic data from wells drilled
into the Duvernay/Muskwa and other formations, the ERCB (now AER) and Alberta Geological Survey, in
2012 prepared a report which attempts to provide an indication of how much oil, gas and natural gas
liquids resources, might be contained within a number of shale formations in Alberta. This report
“ERCB/AGS Open File Report 2012-06; Summary of Alberta’s Shale- and Siltstone-Hosted
Hydrocarbon Resource Potential” is a public document and serves as a basis for most estimates of
potential hydrocarbon resources in key Alberta shale formations, but does not address how much of these
“resources” might be turned into “reserves”, which are defined as the volumes of each type of
hydrocarbon resource which might be “technically and economically” possible to produce. At low
oil or gas prices, or without technology to access the resources, there may be no reserves of producible
hydrocarbons. Also, these hydrocarbon resource estimates do not indicate the even larger volumes of
“kerogen”, or immature organic material found in the formations. While the AGS report provides “best
guess” estimates, the exact resource values are uncertain, and are based on relatively few data points
compared to the large geographical extent and thickness of these formations, so the information is
provided for three levels of certainty, as follows:
o

P10 = 10% probability that the resource is larger than this value so is a reasonable but still
somewhat optimistic volume.

o

P50 = 50% values mean that the geologists assessing the resource felt that this is a reasonable
value with a 50% chance that the actual value would be higher and a 50% chance the value
would be lower.

o

P90 = 90% probability that the resource volumes indicated actually will be found to be contained
in the formations.

o

ERCB/AGS P90-P50-P10 “Potential Resource” in Place Estimates for the Duvernay and as
a percentage of total shale potential identified in the report

o





Oil – 44-62-83 Bbbls (7-10-13 BCM) = ~15% of shale oil in report



NGLs – 8-11-16 Bbbls (1-2-3 BCM) = ~20% of shale NGL in report



Gas – 353-443-540 Tcf (10-13-15 TCM) = ~13% of shale gas in report

ERCB/AGS P90-P50-P10 “Potential Resource” in Place Estimates for the Muskwa (north of
Peace River Arch) and as a percentage of total shale potential identified in the report


Oil – 75-115-160 Bbbls (12-19-26 BCM) = ~27% of shale oil



NGLs – 6-15-26 Bbbls (1-2-4 BCM) = ~26% of shale NGL



Gas – 289-419-527 Tcf (8-12-15 TCM) = ~12% of shale gas

Geography – As was shown in the earlier illustrations, most of the Duvernay/Muskwa play’s oil, gas, and
NGL resources underlie a broad band along the western part of the province, with the main resource
areas underlying boreal forests. These same regions have many other layers of hydrocarbon resources
in many other shallower formations of different types. In some areas the Duvernay/Muskwa may just be
the deepest layer of a stack of hydrocarbon containing formations, with different types of coal (mineable or
deeper seams with CBM or in-situ gasification potential), shallow “tight” gas (Colorado formation), or
conventional oil and gas formations like the Cardium, Nisku, Beaverhill Lake and Leduc formations which
have been in active production in the same regions for decades. The figure below shows the distribution
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of the main “shale- and siltstone-hosted” plays assessed in the AER/AGS report in 2012, as well as the
shallow “Colorado” tight gas and potentially mineable coal resources in the same regions. The
“stratigraphic column” shown is from the AER’s ST-98 report and shows the types of hydrocarbons found
in the various formations. Generally all of these, except the heavy oil resources, are found somewhere in
the region above the Duvernay formation. Since the Duvernay play is the main focus of this backgrounder
report, for the remainder of this report we will leave out references to the northern Muskwa play.
Colorado

Muskwa

Duvernay

Montney

Banff/Exshaw

Nordegg

Wilrich

Mineable Coal

Figure 6 – Geographic Overlapping of Hydrocarbon Bearing Shale, Siltstone, Conventional Oil and Gas and
Coal Formations in the Area of the Duvernay/Muskwa Plays
As noted above, the Duvernay play mainly underlies boreal forest areas, so development activities, depending
on the specific locations, can have impacts on other industries (forestry, mining, agriculture, tourism), which
are also found in those regions, as well as on the development of other oil and gas formations. From an
environmental/ecological perspective all the industrial development activities of all industries, and for
development of all oil and gas formations, will have a cumulative effect that will be much greater than that of
the Duvernay alone. In fact most of the recent oil and gas development activity in the Duvernay play area was
not related to the relatively small number of Duvernay wells drilled to date, which only represent, <5% of all
wells drilled in the various counties in the region.

Current Activity in the Duvernay Play Region
Drilling and Completions – Prior to 2012, there was very little interest in the Duvernay from a production
point of view as it took the application of high volume water fracturing of horizontal wells to make production
technically viable, and the deep wells are more expensive to drill and complete than almost any other wells
drilled in the province. As of the middle of 2014 there were only about 130 designated Duvernay wells
reported as operating in Alberta, with the majority (>85%) of them drilled in the M.D. of Greenview, where
there has been the greatest success in finding wells that produce large volumes of more valuable natural gas
liquids. Due to the short history of Duvernay development, any analysis of drilling and completion activity,
costs and production, is hindered by the small numbers of wells and the limited historical data publicly
available.


Confidential Well Data – For new oil and gas exploration plays in Alberta, producers are able to
keep well and production data confidential, usually for about a year, to allow them some competitive
benefit from taking risks on exploration wells. As a result the historical data in this report to mid-2014
is likely representative, but data on wells drilled in the 2014/2015 drilling season is not publicly
available. It is known that at least the major companies in the play, Shell, Encana and Chevron, were
active and some completion and hydraulic fracturing information on recent wells is available through
the website www.fracfocus.ca .
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Exploration Wells vs. Development Wells – Another caution with well data, and economic
information, provided in this backgrounder report, is that most of the drilling has been for exploration,
often with few wells drilled per township, with operators mainly looking to find the areas of the
formation containing the highest yields of Natural Gas Liquids (NGLs), which are more valuable than
gas or oil under current market conditions. Since drilling is not focused on commercial development,
there has been little impact of economies of scale or the type of commercial “well manufacturing”
mode of operation, which has been seen in the Bakken, Cardium and other more established shale
plays.
Historic Total Duvernay Monthly Operating Well Count by County

Duvernay Shale Gas Wells Drilled by Year
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Figure 7 – Duvenay Formation Approximate Number of Operating Wells by County and Shale Gas Well
Drilling Activity by Company (Note values do not include confidential wells drilled since early-2014)

Figure 8 – Overall Duvenay Public Production Data for Oil, Gas and Condensate (CDN) from about 130 Wells
(Note production values decline rapidly, and values do not include confidential wells)
Duvernay Gas Production 2010-2015 by County - e3m3/month

Duvernay NGL Production 2010-2015 by County m3/month
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Figure 9 – Relative Split of Duvernay Public Production of Gas (Left) and NGL (Right) to Date by County
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Hydraulic Fracturing in the Duvernay – Hydraulic fracturing of horizontal wells has been utilized to open up
many different types of formations in North America, and other parts of the world. These formations range from
the relatively thin and shallow Viking formation found in east central Alberta, to deep and thick shale formations
like the Duvernay. While the basic technology is the same, how it is applied and the resources required for each
formation can be quite different, even if the same number of wells are drilled from a pad. For the Duvernay
formation, the producers have consistently chosen hydraulic “slickwater” fracturing with large volumes of water,
similar to what is being done in the Horn River Basin in northeastern B.C. Since January 2013, data on well
completion methods, carrier fluids, and chemicals used by producers, has been required to be reported to the
Alberta Energy Regulator, under Directive 059 “Well Drilling and Completions Data Filing Requirements”,
with much of the basic information provided for public access through the website www.fracfocus.ca . Since this
data is the most recent and complete data available it can provide information on what methods are currently
being used by producers, as follows:
o

o

The main components used in the Duvernay are:


Carrier Fluid – In all completions water is used as the main fracturing fluid and makes up
between 85-95% of the injected material, but almost 50% of the wells showed that the carrier
fluid also included hydrochloric acid (15% HCl solution <0.5% of total frac water volume) which
is often used to control scale in limestone or carbonate formations. The volume of water used
varies with the number of fracture stages, the length of the well and the amount of other
components (mainly sand) used in the completion.



Proppant – Is needed to hold open the small fractures formed in the rock and in the Duvernay
is usually quartz sand, but producers in deeper formations sometimes use ceramic proppant,
metal oxide particles or resin coated proppants. Proppant averages about 10% of the mass of
the fracture treatment, but the range is from 2-15%.



Other Chemicals – Generally <0.1% of the remaining fracture treatment mass is composed of
a range of widely available chemicals, which are used to control bacteria, or change the
viscosity of the carrier fluid to reduce pressure drop through the wellbore.

The main type of fracture treatment used in the Duvernay are:




Slickwater Fracture – All of the Duvernay wells were completed using this method. Water use
3
per well averages about 28,000 m3/well, and ranges from about 7,000-85,000 m /well, or about
3
1,600 m /fracture stage, with an average of 5% proppant. The average number of fracture
stages per well was ~17. On a mass basis:


Water ~28,000 tonnes/well



Proppant ~1,500 tonnes/well

Variations in Producer Well Completion Practices – Along with the relatively small number of
wells, and short production runs, available in the public database, there are also few wells which have
been drilled and completed in the same manner, making comparisons difficult or inconclusive. As two
examples, the two main operators active in the Duvernay (Shell and Encana) have adopted
significantly different practices for drilling wells during the initial exploration phase. Available public
data shows difference in completions, but does not indicate specific costs related to the differences in
well completion, but it can be assumed that Shell public wells would have been lower cost to drill and
complete than Encana wells, as they were drilled from 4 well pads, are shorter in length, and have
fewer fracture stages requiring less water hauling and pumping.
o

Shell – Shell has chosen to drill wells in groups in a north-south orientation, with 4-well
groups, of 2,000 m long wells, spread over different townships, presumably to assess
variations in well performance across their lease area. The four well groupings result in the
two inner (confined) wells being more like the eventual commercial configuration that might be
replicated on a large scale development, as confined wells may perform differently from
unconfined or partially confined wells. Their leases appear to be in a NGL rich part of the
Duvernay with high condensate yields, and lower gas rates. Shell hydraulic fracturing
practice to date on public wells:
3



Average fracturing water per well = 19,400 m /well



Average number of stages per well = 14
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o

3

Average water per stage = 1,400 m /stage

Encana – Encana has been drilling their exploration wells on a NW/SE orientation with one or
two wells drilled from leases. When two wells were drilled they went in opposite directions so
initially none of the wells are confined. The wells are longer than Shell’s (2,500+ m) and the
average water volume used for fracturing is higher both per well and per fracturing stage. In
the 2014-2015 drilling seasons it appears that Encana and Chevron are both drilling multi-well
pads, so over the next year or so confined well data from these wells will become public.
Encana’s hydraulic fracturing practice to date on public wells:
3



Average fracturing water per well = 53,200 m /well



Average number of stages per well = 23



Average water per stage = 2,300 m /stage

3

Figure 10 – Differences Duvenay Well Drilling Practices. Encana on the Left and Shell on the Right with
Public Duvernay Wells shown in Red


Variations in Well Production Performance – An analysis of Shell and Encana well production
performance shows that generally Shell wells produce more NGL (condensate) than the Encana wells
which have higher rates of gas production. Since the average Encana well is longer in length and has
more fracture stages, than the Shell wells, it would be expected to produce more gas, while Shell
wells are in the richest part of the formation so are expected to produce high rates of NGL liquids.



Confined vs. Unconfined Wells – Shell’s drilling of pads of four wells (2 inner wells confined, 2 outer
wells partially confined) and some single wells (unconfined) allowed a rough initial assessment of
drilling confined vs. unconfined wells, which directionally indicates that unconfined wells (like
Encana’s) will produce at higher average gas rates than the confined wells which would be
encountered in full commercial developments.
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Gas Type Curves
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Figure 11 – Differences in Duvernay Well Production by Producer for Gas (Left) and NGL (Right). Bottom:
diagram indicates Unconfined wells (upper line) perform better than confined or partially confined wells
(there is a great deal of uncertainty in this analysis due to the small sample size)
Current Perspective on Producer Motivation for Duvernay Formation Development
Current Drivers for Duvernay Activity – With the low gas prices the industry has experienced in Alberta
since 2008/9 and the more recent drop in the price of oil and hydrocarbon liquids, the overall economic
incentive for producers to drill and complete wells in the Duvernay has been reduced, as it has for most other
formations. However, other, strategic, long-term business drivers are maintaining drilling activities in the
region by the main producers. The ongoing activity is driven by contractual farm-in agreements and corporate
scale regional strategies, rather short-term economics, and are different for each of the producers in the
region. Generally, producers do not advertise their strategic decisions, some information is available that
impacts decisions of the various companies.


Shell (Red leases on map) – has some of the richest Duvernay wells which appear capable of
producing considerable volumes of NGLs, which can be used as diluent for pipelining bitumen, from
operations such as Shell’s proposed Carmon Creek Project, near Peace River. Carmon Creek, once
3
developed, would require at least 4,500 m /d of diluent to allow shipment of dilbit by pipeline to
upgraders in the U.S. mid-west, and will also require fuel gas for steam and power generation for the
project. Shell’s Duvernay leases, potentially supplemented by farm-ins on Trilogy and Athabasca
leases, could supply this volume of NGLs and gas for at least 10 years, without having to purchase or
import diluent from other sources or having to expand the Scotford Upgrader. Shell has already
3
constructed a pipeline from their leases, capable of carrying 4,500 m /d of NGLs and the associated
gas to a Semcam’s Amalgamated Plant site, where they have contracted processing capacity and
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access to a gas pipeline and rail facilities for moving NGLs. The active Semcam’s plant can process
3
~3,000 m /d and a second, currently suspended plant at the same location could be reactivated as
well when required. Strategically for Shell having their own source of diluent and fuel gas from the
Duvernay, should significantly enhance the economics of Carmon Creek. Conclusion – Shell
development of the Duvernay will depend on the pace of development of Carmon Creek, which is
currently being delayed until at least 2019.

Operator Holdings vs. Rich Duvernay Area

Trilogy

New Encana Plant
1,500 m3/d NGLs

Semcams Amalgamated Plant
3,000 m3/d NGLs for Shell





Figure 12 – Duvernay Lease Holdings in Relation to Rich Duvernay areas in Greenview and NGL Processing
Facilities (Base map source – Trilogy corporate presentation)
Encana (Light blue leases on map) – has been very active in both the rich and lean areas of their
Duvernay leases. Much of this has been funded through a farm-in arrangement with PetroChina
(Phoenix) who is paying $2.18 B to earn a 49.9% interest in Encana’s Duvernay leases. $1.18 B of
this was provided upfront in 2012 with no requirement for Encana to match those expenditures,
followed by $1B over 4 years to cover 50% of the cost of additional development. So overall Encana
is only paying ~30% of the drilling and development costs to get 50.1% of the net revenues from
these leases. But irrespective of oil, gas and NGL gas price fluctuations, is committed to spending
~$3.2B on Duvernay development over 4 years. At $20M/well this would allow for the drilling and
completion of a maximum of 150+ wells. Recently Encana has claimed that the cost of drilling and
completing a Duvernay well has dropped to ~$10M/well which would allow 250-300 to 300 wells to be
drilled. PetroChina is more interested in acquiring access to long-term resources, while Encana in the
near-term freed up some funding and was able to “prove up” their leases at a lower cost to them.
This strategy is similar to what Encana has done with Mitsubishi to develop their Montney gas leases
in B.C.
Chevron (Dark blue leases on map) – has started drilling and production of a large pad of wells on
their leases through a farm-in contract with Kuwait Foreign Petroleum Exploration Company’s
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subsidiary KUFPEC Canada, Inc. Chevron sold a 30% interest in its Duvernay shale for $1.5 billion
for “appraisal and development of liquids rich shale resources in ~330,000 net acres. To complete the
farm-in would require over 75-100 wells depending on the undisclosed terms of the agreement.


Trilogy (Yellow leases on map) – The Kaybob area is Trilogy’s only asset and their main activity is
in the Montney formation in the region where they are developing both oil and gas assets. As a junior
player Trilogy does not have a large cash flow so, would not be able to invest a great deal in the
Duvernay, but may work with one of the majors in the area or attempt to find another partner who
might be willing to farm in to their Duvernay leases.



Athabasca (Purple leases on map) – The final major player in the liquids rich part of the Duvernay is
Athabasca Oil Corporation. Like Trilogy it has both Duvernay and Montney assets in the Kaybob area
and is gradually drilling Duvernay wells to prove up potential.

Activity Levels by Resource Type – As indicated in the geology section the Duvernay contains oil, gas and
NGLs liquids dominated regions. Producers have been drilling wells to delineate the content of the Duvernay
formation across the region.


Rich Shale Gas – The areas enclosed in the pink and yellow outlines on the lease map in Figure 12,
are the areas which appear to contain the richest and most valued portions of the Duvernay
formation, approximately centered on Fox Creek, and contained with the Duvernay play pilot area
defined by the Alberta Energy Regulator. The main target is NGLs or condensate which is highly
valued as bitumen diluent and which currently attracts a higher price than oil. These appear to be the
main Duvernay leases under active development.



Lean Shale Gas – As well move towards the mountains, from the rich shale gas areas the Duvernay
becomes “over-mature” and more prone to lean dry gas with low liquids content. With the current
North American glut of natural gas and the availability of lower cost gas resources from shallower
formations it is unlikely that much future activity will focus on lean gas areas until gas markets
improve, except for limited development to retain tenure on leases.



Oil – There have only been a few wells drilled in the Duvernay for oil, and some of these may actually
be producing tight oil from low permeability portions of historic carbonate fields. Generally the
Duvernay oil wells are higher cost than the much more numerous tight oil wells being drilled in the
Cardium, Beaverhill Lake, Viking and Devonian formations in areas adjacent to conventional oil pools
in the same area. With lower oil prices this activity will may be deferred except to retain tenure.
Some Duvernay oil wells are also in shallower areas of the where there are barriers to development
due freehold leases that are less than 1 section in size requiring developers to negotiate with mineral
rights owners to obtain a lease big enough to accommodate a horizontal well.
Cardium
Doig and Montney
Other Upper Mannville

Geological Description

Beaverhill Lake Group
Viking
Glauconitic
Other Upper Cretaceous
Lower Mannville
Jurassic and Nikanassin
Other Triassic
Other Mississippian
Wabamun And Winterburn
Exshaw / Big Valley
Middle And Lower Devonian
Woodbend Group
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Figure 13 – Duvernay Wells vs. Horizontal Multi-Stage Fractured Wells Targeting other Formations (Data
from AER Presentation as of June 2013)
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Economics of Duvernay Production – The economics of Duvernay developments are extremely sensitive to the capital
costs of drilling, completing and tie-in of the wells, and also on the volumes of the various products produced in the initial
year of production. The table below shows the limited amount of public economic data available from 2015 corporate
presentations of some of the producers who mention their interest in the Duvernay formation. Capital costs vary by the
depth and length of the wells, by the size and type of hydraulic fracturing treatment applied, but are greatly impacted by
the number of wells drilled from a location so average the cost numbers reported are not very useful, and generally the
economics shown do not reflect current commodity prices or costs. Trilogy provides more economic information than most
companies do to its importance to Trilogy shareholders, but the range of potential economic results is very high, even with
optimistic condensate and gas prices.
Table 1 – Examples of Duvernay Single Well Economics Reported on Producer Websites or Corporate Presentations

Producer and Area

Initial Year
Capital Cost
Production Rate
($MM/Well)
(boe/day)

NPV @ 10%
(MM$)

Rate of
Return (%)

Payout
(Years)

Trilogy Rsrcs Ltd.
Duvernay

10 - 12

4,500

Varies with liquid
yield, price and
rate assumptions

14%

-

Encana Corp. Duvernay

20.5

9,000-11,000
(plan for 2015)

-

-

-

Athabasca Oil Corp.
Duvernay

14.5

600-1400 per
well

1.6

33%

-

Apache Cda Ltd.
Duvernay

13

30 Day IP Rate
of 995

-

37%

-

Figure 14 – Example of Duvernay Well Economic Variability showing Sensitivity to Condensate Yields and
Reserve per Wells (Trilogy Corporate Presentation as of June 2015)
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Future Scenarios for the Duvernay Region
To date there have been about 130 horizontal wells have been drilled into various locations in the Duvernay formation.
Going forward there are an extremely large number of potential locations, given the size of the play, but the highly variable
economics at current gas, condensate and oil prices, as well as the impacts of farm-in agreements, assumed lower rig
costs during a downturn, make it very difficult to project the near-term or long-term development pace or numbers of wells.
To try and project potential scenarios a rough assessment was made of potential numbers of wells of various types in
prospective areas, some assumed sub-cases based on development pace:
1)

Rich Shale Gas Future Cases – Assuming full development of ~27 townships around Fox Creek that are
believed to have the highest potential for high condensate yields (Rich Shale Gas) on leases controlled mainly by
Shell, Encana, Trilogy, Athabasca and Chevron. Well layout assumed to consistent with current drilling trends
with 8-10 well pads with an average of 9 horizontal wells for every three sections, would result in ~ 2,900
potential locations, with approximately 100 drilled in the rich area as of mid-2015.
a. SLOW - Meet Farm-in/Joint Venture and Tenure Obligations Only – Assumes total wells drilled by
the five companies would be:
i. Encana – Total of 200 wells over four years to meet obligation to PetroChina, then 10 net wells
per year.
ii. Chevron – Total of 100 wells over four years to meet obligation to KUFPEC, the 5 net wells
per year.
iii. Shell – Average of 10 net wells per year assuming on-going delay of Carmon Creek.
iv. Trilogy – Average 2 net wells per year.
v. Athabasca – Average 2 net wells per year
b. MODERATE – SLOW Case plus Shell Carmon Creek Proceeds – Encana and Chevron drilling
unchanged but average net wells for Shell, Trilogy and Athabasca increase to a approximately 100 wells
3
per year assumed to be enough to provide 4,500 m /d of condensate to Shell’s Carmon Creek Oil
Sands Project for about 10 years until the Gateway Pipeline starts up. Assumed Shell would be
operator of the leases for all three companies.
c. FAST – MODERATE Case plus Growing Diluent Market – Encana and Chevron increase pace to 60
wells per year between them to meet growing demand for condensate with pace in later years declining
to reach a cumulative total of ~2,900 wells in 2040 for all companies in the Rich Duvernay area.

Duvernay Rich Wells Potential Development Scenario to 2040
3,500
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Assumed Locations = 2900
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SLOW
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1,000

500

0
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2038
2037
2036
2035
2034
2033
2032
2031
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2025
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2023
2022
2021
2020
2019
2018
2017
2016
2015
2014
2013
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Figure 15 – Three Potential Development Scenarios for the Pace of Duvernay Rich Shale Gas Development in
the Fox Creek area to 2040
2)

Lean Shale Gas – The Duvernay formation lean shale gas is much deeper and more expensive to access than
the shallower Montney and other shale formations which contain a considerable amount of gas resources. Given
potential for on minor gas exports from Alberta and most gas being developed to support the oil sands, that
drilling in the lean portions would only be sufficient to maintain tenure. With the uncertainties in costs and tenure
requirements could maybe assume 10 wells per year until 2040. Significant drilling would not happen until shale
gas deposits in the U.S. which are closer to markets are depleted. Also assumes if any LNG export capacity is
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3)

built the majority of the gas for this would be from NE B.C. which should have sufficient production potential to
supply a single LNG facility for more than 20 years.
Duvernay Oil – As with the lean gas there are shallower tight oil and shale oil resources in the Cardium,
Montney, Beaverhill Lake and other formations which should be produced before the Duvernay. Given that less
than 10 Duvernay wells have been drilled to date, assume that maybe 5 Duvernay wells will be drilled per year to
maintain tenure, and will be located in the shallower portions of the Duvernay along the Leduc/Woodbend Reef
trend from St. Albert to Red Deer.

Initial Assessment of New Potential Opportunity Areas the Duvernay Play Region
Since the Duvernay play development is mainly focused on drilling new wells with minimal amounts of
investment in facilities, most of the potential business opportunities and potential for collaborative
development are associated with drilling and completions which have already been going on in the region for
other formations. The main impact is that the intensity and volumes of water, material and personnel will be
higher than for any other shale or conventional developments in the region.
Basic Needs Intensified from Historic Operations in the Rich Duvernay Shale Gas Region
o
o
o
o
o
o
o

o

Drilling rigs and crews – larger more complex rigs, but with fewer rig moves due to pad
drilling.
Completion rigs and crews – much larger and more complex operations to handle larger
volumes of fluids, pumping equipment, sand, cryogenic gases, and on-site refueling.
Drilling camps – Larger crews, spending longer times on specific locations leads to benefits
in local drilling camps rather than hotels, or on-site accommodations.
Trucking – Significantly larger demands for trucking for water, sand, fuel and personnel.
Water demands should be expected to be 10-20 times higher per well than any other wells in
the area, and may strain local sources especially if more fracturing is done in the winter.
Drill pipe and cement – A significant increase over conventional due to the depth of the
Duvernay wells.
Road/Lease Construction and Materials – Extensive road networks already exist in the
area to service legacy wells, wells in other formations and acreages or logging, and fewer
roads and leases are needed for pads of horizontal wells.
Pipelines – Shorter length additions to existing main network, many are already planned.
Total condensate and gas volumes expected are not significantly higher than what the
Kaybob region has produced before so may just extend the life of existing gas plants and
pipelines.
Water supply sources – This is not really a water constrained area of the province and there
are large potential supplies of produced water, or saline groundwater in the area. Total water
demands for drilling and completing 100-200 wells per year will be a significant increase in
water handling for fracturing. Assume 200 wells x 20,000 tonnes/well = 4,000,000 tonnes or
3
m of water per year at its peak. Data being collected for Directive 59 should be able to
indicate how much of the water used for fracturing came from produced water sources. The
fracfocus website indicated that water was supplied by producers but did not indicate the type
of water or volumes.

New Needs Specific to Hydraulic Fracturing Activities
o
o
o

Water Staging Areas – The large volumes of water needed per well will require large storage
areas to accumulate water near the wells pads. Each site might have storage for fracturing 23 wells, plus a number of water source wells to avoid use of fresh water.
Large Volumes of Proppant – Assume 1,500 tonnes/well x 200 wells/yr = 300,000
tonnes/year of sand which may be a sufficient volume to justify a quarry and screening if there
are suitable sand resources in the Fox Crrek region or other locations in Alberta.
Chemical Storage – May not be sufficient demand to have local storage of chemicals out
side of Nisku or areas close to rail transport as most chemicals will be from outside of Alberta
and moved by rail, then distributed by specialized trucks.

SWOT Analysis of Potential for New Opportunities


Strengths:

Region has a history of oil and rich gas well drilling and completions and existing infrastructure.
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Legacy gas plants and pipelines or rail lines should be able to support moving production out of
the region.

Communities are generally supportive of oil and gas operations and have already adapted to
higher activity levels.

High volumes of water required are available in the region while they are in short supply in
competing regions in the U.S., which may give operators in the Duvernay an advantage.
Weaknesses:

The three largest producers in the region have other similar opportunities in North America,
mainly in the U.S. which may be more attractive than the Duvernay.

The smaller producers lack the financial resources to proceed on their own.

Larger producers tend to more closely control costs, quality, procurement and gas processing
so will tend to operate more independently, based on competitive bids to a limited number of
preferred vendors, making it hard for smaller suppliers and innovators.

If total locations are limited to the rich shale gas region, development will not last long with the
potential easily recoverable condensate resources depleted quickly but with low recoveries.
Opportunities:

Multiple formations in the region should create more stability over long-term for services of some
types.

As producers learn more about increasing recovery from rich shales in the U.S. or in Canada,
those technologies are likely to be shared between majors, especially those producing
condensate for oil sands.
Threats:

Environmental issues, infrastructure bottlenecks e.g. increasing truck traffic, competition for
resources and people from other regions.

Delays in oil sands developments like Carmon Creek, or acceleration of the Gateway Pipeline
may stall Duvernay Rich Gas Development.

Seismic events in the region have been linked to drawdown of well after fracturing. As the
Duvernay is just above faulted basement rock, there is a greater potential for issues with
induced seismicity in this region which may result in some areas being stranded, or developed
at a slower pace to avoid issues.

General resistance to fracturing from groups mainly outside the region may hinder development.
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