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PTAC Mission Statement

PTAC facilitates innovation, collaborative research and 
technology development, demonstration and deployment 
for a responsible Western Canadian upstream hydrocar-
bon energy industry.

PTAC Objectives
█ To facilitate innovation, technology transfer and col-

laborative research and development (R&D) in the 
Western Canadian upstream oil and gas industry 

█ To improve the performance of the industry (environ-
mental, safety, financial) 

█ To facilitate the creation of value through innovation 

PTAC Roles
█ PTAC is a not-for-profit association with a volunteer 

board comprised of representatives from produc-
ers, technology suppliers, researchers, government, 
inventors and individuals.

█ PTAC is a neutral facilitator or matchmaker for oil 
and gas innovation, technology transfer and collab-
orative R&D. 

Acknowledgments
The Unconventional Gas Technology Roadmap project was conceived by 
PTAC Petroleum Technology Alliance Canada (PTAC) as a result of a previ-
ous report, “Spudding Innovation – Accelerating Technology Deployment 
in Natural Gas and Conventional Oil”. Denis Gaudet acted as the PTAC 
internal manager of the project, and led the securing of funding from in-
dustry stakeholders and government bodies.

Financial and In-Kind Sponsors
PTAC wishes to acknowledge funding or substantial in-kind contributions 
from the following stakeholders. In each case a principal contact was nom-
inated to form the Technical Steering Committee (TSC), and their names 
are included in the list: 
█ Air Liquide Canada Inc., Barry Thompson
█ Alberta Electric System Operator, Maury Parsons
█ Alberta Economic Development, Paul Godfrey
█ Alberta Energy and Utilities Board, Tom Byrnes, Curtis Evans
█ Alberta Energy and Utilities Board/Alberta Geological Survey, 

Dean Rokosh
█ Alberta Energy Research Institute, Les Little 
█ EnergyINet, Bill Kaufmann 
█ Alberta Research Council, Ken Brown, Yuri Raydugin 
█ APA Petroleum Engineering Inc., Bob Pearson
█ Apache Canada Ltd., Alain Kahil, Ralph Herbert 
█ Big Picture Geoscience, Jim Letourneau
█ BJ Services Company, Brad Rieb 
█ British Columbia Ministry of Energy, Mines and Petroleum  

Resources, Derek Brown
█ Canadian Energy Research Institute (CERI)
█ Canadian Society for Unconventional Gas (CSUG),  

Mike Dawson, Maura Hamill
█ Century Frac Services, a Division of Century Oilfield  

Services Inc., Tim Leshchyshyn
█ Devon Canada Corporation, Reigh MacPherson
█ Forward Energy Group Inc., Bob Dixon
█ Halliburton Energy Services, Guy Tennant
█ Husky Energy Inc., Angela Mah, Belinda Hicks
█ LENEF Consulting (1994) Limited, Len Flint
█ National Energy Board, Jim Davidson
█ Natural Resources Canada/Office of Energy Research and 

Development, Leah Dell 
█ Natural Resources Canada/Geological Survey of Canada,  

Kirk Osadetz
█ Nexen Inc., Rob Galant, Patrick Jamieson, Rich Kerr
█ Noetic Engineering Inc., Stephen Lougheed
█ PTAC Petroleum Technology Alliance Canada,  

Denis Gaudet, Eric Lloyd, Sarah-Jane Downing, Jessica Lucas
█ Quicksilver Resources Canada Inc., Mike Gatens
█ Shell Canada Ltd., Duncan Stanners
█ Sproule Associates Ltd., Rudy Cech
█ Stealth Ventures Ltd., Derek Krivak
█ Total Exploration and Production, Bertrand Burg, Les Little
█ Van Ham Resources, John Van Ham

Len Flint of LENEF Consulting (1994) Limited was contracted to lead 
the overall activity on a continuing basis, and additionally provided in-kind 
support to the project. He was responsible for working with the TSC to 
develop several sections of this roadmap.
John Van Ham of Van Ham Resources was contracted to develop the 
text for the three key technical sections that represent the main body of 
this roadmap.

Stakeholder Workshops
In order to gain industry-wide contributions to unconventional gas develop-
ment, four workshops were arranged with open invitation to the industry to 
participate. Early planning for these workshops was assisted by a nucleus 
of industry experts. PTAC wishes to acknowledge the volunteer support pro-
vided in these early stages by the following people:
Andrew Beaton Barry Ryan Bettina Pierre-Gilles 
Bob Dixon David Arthur David Flint 
Dean Rokosh Derek Krivac Jim Letourneau 
Ken Brown Kirk Osadetz Marc Melnic 
Mark Hayes Tim Leshchyshyn
Facilities for workshops were provided by EnCana Corporation, Alberta 
Research Council, National Energy Board, and Nexen Inc. The organizers 
thank the more than 65 persons from industry and supporting organiza-
tions who attended one or more workshops.

PETROLEUM TECHNOLOGY ALLIANCE CANADA



Unconventional Gas Technology Roadmap

Foreword

What is Unconventional Gas?

Unconventional gas is most broadly defined by the Society of Petroleum Engineers 
(SPE) as gas contained in formations from which it is difficult to produce without some 
extraordinary completion and stimulation practices. The most common unconvention-
al gas formations are low permeability sands (“tight gas”), coals containing coalbed 
methane (CBM), organic-rich shales, and gas hydrates. One trait common to each is a 
large gas resource in place that is difficult to transform into gas reserves.

Unconventional Gas History in U.S.

Starting in the late 1970s, as conventional U.S. gas production was projected to 
peak and decline and natural gas prices were increasing, the U.S. government and in-
dustry started to focus on increasing production from unconventional gas sources. Bil-

lions were invested in basic and applied unconventional gas 
research projects by the U.S. Department of Energy (DOE), 
Bureau of Mines (USBM), Gas Research Institute (GRI), pri-
vate industry and others. A tax credit incentive was offered by 
the federal government to encourage companies to develop 

gas from designated unconventional gas formations. As a result of these efforts, un-
conventional gas now accounts for more than one third of U.S. gas production and is 
expected to increase in importance to U.S. production over the next several decades. 
Significant advances in drilling, completion, stimulation, and reservoir characterization 
technologies made since then are routinely applied today. Reservoirs that were either 
ignored (tight sands) or thought relatively insignificant (coals and organic shales) are 
now major U.S. gas drilling plays.

Unconventional Gas in Canada

Until the mid 1990s, Canada’s gas production was predominantly from conven-
tional gas formations in the Western Canadian Sedimentary Basin (WCSB). This con-
ventional gas filled the available pipeline capacity and the more difficult-to-produce 
unconventional gas resource, estimated at thousands of trillion cubic feet (Tcf), was 
largely ignored. However, as pipeline capacity was ex-
panded and conventional gas production began near-
ing a peak, market conditions in Canada began to favor 
development of unconventional gas.

Initial Canadian unconventional activity was domi-
nated in the late 1990s by infill drilling in the shallow 
gas play of southeast Alberta and southwest Saskatch-
ewan and the deep basin of the WCSB. Despite the lack 
of significant fiscal incentives and any specific definition 
of “tight gas,” increased recovery by infill drilling has 
boosted current tight gas production to several billion cubic feet per day (Bcf/day). 
More recently, advances in horizontal drilling and completion technology have led to 
the development of tight limestones in northeast British Columbia (B.C.).

In 2001, the first commercial CBM production in Canada was established in the 
“dry” Horseshoe Canyon/Belly River coals of central Alberta. Today, there are more 
than 6,000 CBM wells in Alberta and production is expected to reach 700 million cu-
bic feet per day (Mcf/day) by 2007. Other Canadian coals in Alberta, B.C., Saskatch-
ewan, and Nova Scotia are being evaluated and the first commercial development of 
the Mannville CBM play (about a 300 Tcf resource) was announced in 2005. With as 
much as an estimated 550 Tcf of gas-in-place, the CBM potential of Canadian coals 

Unconventional gas now 
accounts for over one third 
of U.S. gas production.

Today, there are 
over 6,000 CBM 
wells in Alberta and 
production is expected 
to reach 700 Mcf/d  
by 2007.
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now rivals American coals, and the National Energy Board (NEB) estimates Canadian 
CBM production will reach more than 2 Bcf/day in the next two decades, some 12% of 
current total Canadian gas production.

Several studies have shown hundreds of Tcf of organic shale gas resource and 
thousands of Tcf of gas hydrates resource potential across Canada and offshore. Sev-
eral companies are building upon the U.S. shale experience to evaluate organic-rich 
shales and the Canadian government is involved in gas hydrates evaluation projects 
(onshore and offshore) around the world.

Looking to the Future

Although unconventional gas has begun to grow in Canada, major advances in 
knowledge and technology are still needed to ensure Canada achieves its unconven-
tional gas potential in an efficient, environmentally responsible, and timely manner. 
The Canadian Society for Unconventional Gas (CSUG) was formed in 2001 from 
the Canadian Coalbed Methane Forum to advocate for 
responsible development of Canadian unconventional 
gas. PTAC Petroleum Technology Alliance Canada 
(PTAC) and the newly formed EnergyINet are placing 
an increased emphasis on unconventional gas, as is the 
Canadian Association of Petroleum Producers (CAPP).

The 2003 U.S. National Petroleum Council report 
forecast that the overall level of North American natural 
gas production will be largely dependent on industry’s 
ability to increase its production of unconventional gas 
in the coming decades. Canada’s natural gas industry, 
led by the groups named above and others, needs to collaborate with the federal gov-
ernment and provincial governments to ensure that the applied and practical research 
that is needed to achieve Canada’s unconventional gas potential moves ahead. 

This Unconventional Gas Technology Roadmap will be a valuable tool for govern-
ment and industry to set priorities and establish a plan, or roadmap of their own, for 
responsibly developing Canada’s vast unconventional gas resource. These efforts will 
include not only extraction and evaluation technologies, but environmental technolo-

gies to maximize recovery while minimizing the industry’s 
environmental impacts. Unconventional natural gas is a 
premium fuel, the cleanest burning fossil fuel, which Can-
ada must develop and use efficiently, 
in concert with other fossil fuels, re-
newable energy, and all other energy 
sources to optimize Canada’s energy 
portfolio in the decades to come.

Major advances in 
knowledge and technology 
are still needed to ensure 
Canada achieves its 
unconventional gas potential 
in an environmentally 
responsible manner.

This Unconventional 
Gas Technology 
Roadmap will be 
a valuable tool 
for government 
and industry to 
set priorities and 
establish a plan.
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Executive Summary

Background

In 2003 PTAC Petroleum Technology Alliance Canada (PTAC) and Deep Blue As-
sociates prepared a report entitled “Spudding Innovation – Accelerating Technology 
Deployment in Natural Gas and Conventional Oil”. One of the recommendations of 
that report was the need to develop a technology roadmap for unconventional gas. 
The purpose of a technology roadmap is to identify challenges which may be overcome 
through technology development to move industries forward. 

Demand for natural gas and by-products for uses as wide-ranging as home heat-
ing, petrochemical production, electric power generation and industrial fuel continues 
to grow in North America. Canada is self-sufficient in natural gas, with current con-
sumption of about 3 trillion cubic feet per year (Tcf/year), or 85 billion cubic meters per 
year1. Presently, Canada exports about half of its 6 Tcf/year (170 billion cubic metres 
per year) of production to the United States (U.S.). 

Canadian natural gas production today is equivalent to approximately 3 million 
barrels of oil per day on an energy equivalent basis, and represents some 3-4% of 
Canada’s gross domestic product (GDP). The major supply region to date has been the 
Western Canada Sedimentary Basin (WCSB), spreading from British Columbia (B.C.), 
through Alberta and Saskatchewan, and into Manitoba. In the last decade, supplies 
from the Atlantic provinces have also come on stream, creating the newest Canadian 
production, and a new supply point for the northeastern U.S. A pipeline system has 
developed across the country in the last 40 years that has allowed natural gas to reach 
all major populated areas in Canada, and into many U.S. states. The importance of the 
natural gas industry in Canada and its contribution to North American energy supply 
cannot be overstated. 

However, supply from Canada’s currently known conventional re-
sources, even with the much anticipated additions from the Beaufort 
Sea, is currently levelling out and will likely begin to decline over the 
next decade. By 2025, Canada’s conventional gas supply is currently 
forecast to meet rising domestic demand only.

This technology roadmap presents a vision for accelerated de-
velopment of Canadian unconventional gas resources to counter the 
projected long-term decline in conventional gas production. Industry is 
challenged to reverse future downward trends in natural gas production 
to meet domestic demand and maintain the current level of exports to 
the U.S. To achieve this, natural gas production will need to rise to 7.5 

Tcf/year (212 billion cubic metres per year) by 2025. To meet this demand it is esti-
mated that potentially 40% of this production would come from unconventional gas. 

Expanding unconventional gas production in Canada is not 
without significant challenges. A key concern of many stakeholders 
is the effect of unconventional gas development on the biophysical 
and socio-economic environment. For example, landowners are 
concerned about disruptions to existing land use, and the visual 
impact of relatively dense well spacing associated with unconven-
tional gas development today. Recently, fresh water protection has 
become an issue. Industry continues to take many steps to minimize the impact of 
unconventional gas development and reduce its footprint. Stakeholder concerns are a 
very important aspect of unconventional gas development. While many concerns are 
touched on in this roadmap, they are being more fully addressed by other initiatives.1 The Executive Summary includes gas volumes in 

cubic feet and the equivalent SI measure of cubic 
metres. One cubic metre is approximately 35.3 
cubic feet. The main body of text uses the more 
common industry standards of trillion cubic feet 
(Tcf) and billion cubic feet (Bcf). 

Technology 
roadmaps identify 
challenges which 
may be overcome 
through technology 
development.

The vision 
proposed will 
see Canadian 
natural gas 
production rise 
to 7.5 Tcf/year 
by 2025.

Recently, fresh 
water protection 
has become  
an issue.
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U.S. conventional gas production peaked in the 1980s. 
The U.S. unconventional gas industry is now responsible 
for about 30% of the total U.S. domestic gas supply, as-
sisted in the past by government incentives. Other im-
port-dependent countries tap excess gas production from 
major supply regions throughout the world via liquefied 
natural gas (LNG). LNG is likely to become a substantial 
source of natural gas supply for North America, and will 
be one alternative against which unconventional gas will 
compete based upon associated supply costs. However, 
considerations such as security of supply and a desire to 
keep existing natural gas infrastructure filled by domestic 
production make foreign offshore supplies less desirable 
for Canada. Access to the existing infrastructure will give 
unconventional gas a competitive advantage that may 
overcome the anticipated higher production costs. 

Unconventional Gas Resources

Conventional gas has been the mainstay of Canada’s 
natural gas supply and requires relatively modest costs for 
well completions and gathering. By contrast, unconven-
tional gas resources may require significant technical ex-
penditures to unlock the gas from the reservoir, including 
artificial stimulation to gain and maintain production. 

To outline the technology chal-
lenges facing unconventional 
gas development, this roadmap 
analyzed the technical require-
ments for further development 
of four unconventional gas 
resources:

█ Coalbed methane (CBM) is found in most coal 
seams, largely trapped by adsorption, and is already 
under development in Alberta and at the evaluation 
stage in B.C. 

█ Tight gas is gas trapped in geological formations 
similar to conventional gas. The distinction between 
“challenging conventional gas” and tight gas is an 
open debate at this time. Depending on one’s per-
spective, as much as 15% of Canada’s present gas 
production is from more readily accessed tight gas 
resources. This includes, for example, shallow gas in 
Alberta and Saskatchewan, some deep-basin centred 
plays in tight sandstones in Alberta and B.C., and 
limestones in northeastern B.C. 

█ Shale gas is gas contained within predominantly or-
ganic-rich, fine-grained rocks and silts dominated by 
shale. Shale gas is in varying stages of development, 
with the emergence in Canada of low-level produc-
tion, or field pilot evaluation at this time. 

█ Gas hydrates are predominantly methane molecules 
trapped in crystalline compounds that belong to a 
group of solids called “clathrates”. Because clath-
rates exist at elevated pressures and low tempera-
tures, many Canadian coastal and sub-Arctic regions 

are known to hold major potential. This resource is 
the least investigated at this stage, partly because of 
its remote location, and is not expected to provide a 
major contribution to gas production in the next 20 
years. However, in the context of a long-term technol-
ogy roadmap, gas hydrates need to be included in 
future planning, as their potential may be as great as 
all other sources combined.

This roadmap estimates “gas-in-place” from these four 
unconventional resources at more than 4,000 Tcf (more 
than 113 trillion cubic metres). The ultimate potential for 
remaining conventional gas is currently estimated at about 
370 Tcf (10.5 trillion cubic metres). As industry gains more 

knowledge of unconventional 
gas recovery technology and 
its application, a similar “ul-
timate potential” estimate for 
unconventional gas will be de-
termined, but is expected to be 
very significant.

Recovery Technology

Based upon feedback collected during industry work-
shops and from other sources, technology used today or 
required to be developed to recover unconventional gas 
was assessed for the following three key areas:
█ characterization and modelling 
█ drilling and completions 
█ lifting technology and infrastructure

Characterization and Modelling involves the devel-
opment of a model of the geological system for the purpose 
of predicting its behaviour in response to changing condi-
tions during stimulation and production. Understanding of 
the geo-mechanical and geo-chemical characteristics of 
the resource rock will add to the ability to locate and char-
acterize natural and artificially created fractures. 

Gas hydrates are significantly different from the other 
three unconventional plays and will require largely tailor-
made practices. Gas hydrates have a unique characteristic 
that is not shared with the other unconventional gas plays: 
the structure that holds the gas in place is likely to be de-
graded during gas production, with implications for the 
stability of surrounding geological structures. 

Two major objectives for longer-term research into 
all unconventional gas plays will be the identification of 
sweet spots and means to improve subsurface operations 
through real-time monitoring.

Executive Summary

Estimated “gas-in-
place” from these 
unconventional 
resources is more 
than 4,000 Tcf.

coalbed methane
tight gas
shale gas
gas hydrates
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Drilling and Completions technology also includes 
the application of stimulation technology where consid-
ered necessary. The development of stimulation technol-
ogy, sometimes in conjunction with artificial means to keep 
fractures open, is an ongoing challenge. However, in some 
tight gas plays, careful attention to drilling practices which 
reduce formation damage may of itself allow an economic 
approach to development.

Central to the development of future drilling practices 
for CBM, tight gas, and shale gas, is the optimum applica-
tion of directional horizontal and lateral drilling, or novel 
variations. Such improvements not only offer the promise 
of greater well productivity by intersecting more natural 
fractures, but also inherently reduce the footprint associ-
ated with unconventional gas development. Specific to gas 
hydrates, low impact arctic drilling practices will need to 
be developed. 

New cementing technol-
ogy already under develop-
ment addresses the special 
needs for production zone 
isolation. 

Looking ahead to entirely 
new technology opportunities, 
the advent of micro-technol-
ogy in drilling, real-time log-
ging during drilling, and the 
use of laser cutting will likely 
lead to major improvements 
in drilling practices. 

Lifting Technology and Surface Facilities include the 
means to produce and gather the lower pressure uncon-
ventional gas sources, collect and distribute into existing or 
new natural gas supply infrastructure, and handle co-pro-
duced fluids. Unconventional gas development will need 
to address three long-term challenges: 
█ the means to treat and dispose of potentially  

large co-produced water volumes (especially  
from CBM production) 

█ the above-ground footprint from the larger  
well density

█ better compression technology 

Long-term research will address entirely new lift mech-
anisms and even the possibility of sub-surface compres-
sion. In addition, new downhole devices may be designed 
to lift only the gas, separating out unwanted production 
fluids such as water in the reservoir, for re-injection in low-
er, safe disposal zones.

The adoption of more horizontal or directional drilling 
mentioned above will also indirectly assist in reducing the 
above-ground footprint as a result of fewer drilling and 
production pads. 

Executive Summary

Gas hydrates present their own unique challenges. 
Long-term research will determine if the hydrate structures 
can be mined and maintained in their natural or modified 
state for transport.

Environmental Technology

Equally important to improved recovery-based tech-
nology is the means to address the environmental issues 
that arise from developing unconventional gas resources. 
The principles of sustainable development – simultane-
ously achieving economic, social and environmental ob-
jectives – must be a key foundation of unconventional gas 
development. 

In addition to applying the best practices used during 
conventional gas development, high priority will need to 
be given to environmental challenges unique to uncon-
ventional gas. These include mitigation of risk to fresh 
water aquifers, means to reduce above-ground water 
production, and the safe treatment of produced water for 
eventual re-use. In addition, long-term sustainable devel-
opment will be enhanced by technologies or best practices 
to reduce the visible footprint associated with the industry. 

The Way Forward 

This roadmap recognizes 
substantial research and de-
velopment and innovative 
capability in academic and 
government-funded laborato-
ries across the country, and 
throughout industry. It is ac-
knowledged that industry must protect its intellectual 
property in many areas of recovery technology, but there 
are still areas where common concerns in non-core tech-
nology areas (such as environmental issues) will benefit 
from industry-wide support and central coordination for 
jointly funded R&D. 

The Alberta Department of Energy (DOE), with input 
from many stakeholders including the Canadian Society 
for Unconventional Gas (CSUG) and the Canadian As-
sociation of Petroleum Producers (CAPP), initiated a re-
view of practices and technologies that directly affect the 
environmental concerns of stakeholders with property near 
unconventional gas developments, particularly CBM.

The Petroleum Society of the Canadian Institute of 
Mining, Metallurgy and Petroleum is currently develop-
ing an unconventional gas monograph to be published 
in 2007. This will document the current state-of-the-art 
in estimating resource potential, productivity and develop-
ment practices. There is a need to develop a source of 
recovery-based best technology practices. 

Central to the 
development of 
future drilling 
practices for CBM, 
tight gas, and shale 
gas, is the optimum 
application of 
directional horizontal 
and lateral drilling.

The principles 
of sustainable 
development must 
be a key foundation 
of unconventional 
gas development.
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Recently, PTAC and the newly constituted EnergyINet 
jointly contracted a Director of Increased Recovery with 
responsibility for conventional oil and gas and unconven-
tional gas R&D. These two organizations are also in the 
process of collaborating to charter a Natural Gas Recov-
ery Committee for R&D, which will address unconventional 
gas R&D needs. Collaborative long-term R&D aimed at 
addressing the challenges to unconventional gas develop-
ment will require an assured and stable source of long-
term R&D funding. 

Conclusion

The ambitious vision advanced in this roadmap would 
see 40% of all Canadian domestic supply sourced from 
unconventional gas by 2025, with its share rising beyond 
that time frame. This can only be achieved by an integrat-
ed strategy of creative funding and proactive application 
of new technology. In addition, the active participation of 
all stakeholders is essential for the industry to move for-
ward successfully. 

This roadmap proposes the charter of a collaborative 
industry-led unconventional gas R&D initiative to address 
the identified challenges. The active participation and sup-
port of all stakeholders will be critical to the success of this 
initiative. 

Unconventional gas R&D will assist in addressing 
declining natural gas supply from conventional sources, 
mitigating potential demand constraints and price volatil-
ity while unlocking an increased source of relatively clean 
fuel. This roadmap proposes that the federal and provin-
cial governments consider some form of 
fiscal incentives or other mechanisms to 
encourage the required development of 
unconventional gas R&D to fulfill the vi-
sion set forth in this roadmap. 

The ambitious vision 
advanced in this 
roadmap would 
see 40% of all 
Canadian domestic 
supply sourced from 
unconventional gas 
by 2025.

Executive Summary
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1.
Unconventional Gas – What is it?

1.1 Introduction

In 2003, PTAC and Deep Blue Associates prepared a report entitled “Spudding 
Innovation – Accelerating Technology Deployment in Natural Gas and Conventional 
Oil”. The report was funded by Alberta Energy Research Institute (AERI), Alberta De-
partment of Energy (ADOE), Western Economic Diversification of Canada (WD) and 
seven industry sponsors, and was undertaken to identify ways and means of spurring 
investment in R&D to extend the recoverability of oil and gas in the WCSB. One of the 
recommendations of that study was the need to identify new technology to develop  
unconventional gas resources. This unconventional gas technology roadmap is a result 
of that recommendation. Canadian unconventional gas holds the promise to reverse 
the decline in conventional gas resources and production anticipated by the National 
Energy Board (NEB) within the 2025 time frame for this roadmap (NEB, 2003). The fo-
cus of this initiative is the identification of major technology challenges facing increased 
development, and potential solutions. 

Before embarking upon the opportunities and challenges for the future of uncon-
ventional gas development and the identification of technology development opportu-
nities, this section is devoted to definitions of the four types of resources, their known 
locations in Canada, and their currently ill-defined reserve potential. 

1.2 Definitions

The main distinction between conventional and unconventional gas lies in the fre-
quent need for additional stimulation to gain and maintain commercial production 
from unconventional resources. Unconventional gas is also produced at low pressures. 
As well, some of the unconventional gas types can be both the source of, and the res-
ervoir for, the natural gas. Finally, the mechanism for storing the natural gas for most 
unconventional gases is different than for conventional gas reservoirs. The need for 
stimulation also dictates special needs in drilling and completion technology.

This roadmap analyzes unconventional gas under four distinct resources:
█ coalbed methane (CBM)
█ tight gas
█ shale gas
█ gas hydrates

At the present time, there is growing production from 
two of these: CBM and tight gas. Shale gas is just begin-
ning to emerge as a commercially viable resource. Gas 
hydrates are currently untapped, and it is unlikely that com-
mercial production from this source will occur much before 
the end of this roadmap focus period, 2025.

Unlike conventional 
gas, unconventional 
gas frequently requires 
additional stimulation 
to gain and maintain 
commercial production. 
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Unconventional Gas – What is it?

Coalbed Methane (CBM)

CBM is also referred to as natural gas from coal 
(NGC), coal seam gas (CSG) and coalbed gas (CBG). 
This roadmap adopts the first of these designations in this 
report. CBM is found in most coal seams and is uncon-

ventional because the coal acts as both 
the original source for the gas and the 
storage reservoir. The methane is trapped 
in coal fractures (or cleats) and is also 
adsorbed on the coal surface. In many 

coals there is also associated water, and there can be a 
variety of other gases, including carbon dioxide (CO2). 
Figure 1.1 is a photo of a typical coal seam where meth-
ane can be trapped, and clearly shows the matrix of natu-
ral cleats. 

Tight Gas

Defining tight gas, as distinct from challenging con-
ventional gas in similar rock formations, is difficult. As per-
meability of a typical gas reservoir is reduced, the free flow 
of gas to production wells is slower, and at some point 
becomes uneconomic without some form of stimulation or 
special drilling practices.

The U.S. industry, where development of unconven-
tional gas resources has been accelerated over the last 
two decades, put in place a working definition that com-
bines a low permeability measure, and depth of the re-
source. A principal reason for requiring a firm definition 
in the U.S. was the introduction of special incentives to 
advance unconventional gas development during an era 
when relatively low gas prices prevailed. There is currently 
no consensus within the Canadian industry or government 

bodies for a single definition of tight gas, but this will be 
desirable and necessary in the event that incentive pro-
grams are put in place to encourage and stimulate further 
domestic development. Forward Energy Group Inc. is cur-
rently in the early stages of a two year joint government 
and industry funded project, part of which will address a 
workable definition for tight gas. The full report is sched-
uled for mid 2007, but an interim report (Forward Energy, 
2006) offers the following definition:

“Tight gas is generally regarded as gas contained 
in low-permeability sandstone and carbonate reser-
voirs, where reservoir stimulation or specialized drill-
ing technology is required to establish economic flow 
rates and recovery.”

Ziff Energy (Ziff Energy, 2005) currently provides an 
alternative definition for tight gas which can be summa-
rized here as: 

“. . . gas existing in sand, conglomerate, and carbon-
ate formations that are laterally continuous, gas satu-
rated, generally thick and have low matrix permeability 
(usually less than 0.1 millidarcy)”. 

Ziff’s study excluded shallow gas. This roadmap includes 
shallow gas as part of the unconventional gas resource. 

It is inevitable that some measure of uncertainty will 
continue to exist between difficult conventional and tight 
gas production now, and into the future. In the light of 
ongoing studies, this roadmap will not advance a defini-
tion at this stage, as the lack of consensus does not unduly 
affect the discussion of technology challenges to tight gas 
development. 

Shale Gas

Shale gas is natural gas contained within a sequence 
of predominantly organic-rich, fine-grained rocks and silts 
dominated by shale. The silt or sand content of shale aver-
ages about 50% by weight in many shales of the WCSB, 
and can be as high as 70-80% by weight. Above this level 
the rock may be referred to as shaley silt or shaley sand. 

As shale deposits are often found within more conven-
tional sand, and conglomerate and carbonate formations, 
commingled production from both rock sources is an in-
evitable consequence of most shale gas developments. 
However, unlocking the gas potential from the shale for-
mations does include sig-
nificantly different technical 
challenges. 

CBM is found 
in most coal 
seams.

Shale gas is natural 
gas contained 
within a sequence 
of predominantly 
organic-rich, fine-
grained rocks and silts 
dominated by shale.
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Unconventional Gas – What is it?

Gas Hydrates

Gas hydrates are crystalline compounds that belong 
to a group of solids called “clathrates”. They are formed 
from mixtures of water and low molecular weight gases 
at low temperatures and high pressures. The gases that 
are trapped in the clathrates include methane and other 
hydrocarbons up to iso-butane, CO2, hydrogen sulphide 
(H2S), nitrogen and oxygen. Figure 1.2 is a photo of a 
core sample from the Mallik test site, showing a gas hy-
drate deposit.

The combination of low temperatures and high pres-
sures are most naturally found in cold climatic regions 
(such as northern parts of Canada) and under oceans in 
many parts of the world. 

1.3 The Size of the Resource

Future recoverable hydrocarbon resources in mature 
basins are typically defined by the term ultimate poten-
tial. This definition is used by Natural Resources Canada 
(NRCan), NEB and the Alberta Energy Utilities Board (EUB) 
and includes resources under three headings: 
█ Proved reserves are the estimated quantities of gas 

in known drilled reservoirs, which are near existing 
pipelines and markets. These are known with consid-
erable certainty to be economically recoverable  
in future years in existing technological and eco-
nomic conditions.

█ Discovered resources are estimated quantities of 
gas in known drilled reservoirs, but which are too 
remote or too costly to be connected to existing infra-
structure. However, as with proved reserves, they are 
recoverable using existing technology.

█ Undiscovered resources are inferred from geologi-
cal data to be recoverable, but have not yet been 
discovered by drilling. These resources may or may 
not be near to existing infrastructure.

Figure 1.3 depicts the distribution of the ultimate po-
tential for 370 Tcf of remaining conventional gas across 
the regions of Canada (NEB, 2006). With respect to tight 
gas, the issue around definition discussed in Section 1.2 
implies that conventional gas 
today does include a significant 
portion of what many currently 
describe as tight gas. 

370 Tcf of 
conventional gas 
remains across the 
regions of Canada.
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There is presently no available measure of ultimate 
potential for the four unconventional gas resources, due 
to the relatively new interest level. Figure 1.4 summarizes 
estimates of unconventional gas-in-place, drawn from a 
variety of sources indicated in Figures 1.5 to 1.8. Gas-in-
place is inherently a much larger number than ultimate 
potential.

Special note is made of gas hydrates. The National 
Research Council (NRC) has estimated hydrate-based 
gas-in-place at anywhere from 1,540 to 28,500 Tcf. Such 
a range is itself indicative of a much lower understand-
ing of the resource which might eventually be developed, 
and the technology necessary. Figure 1.4 only assumes hy-
drate-based gas-in-place at the low end of the NRC range. 
However, by these broad estimates there is still more than 
4,000 Tcf of combined unconventional gas estimated to 
be in place. In time, it is desirable for the unconventional 
gas industry to translate this into realistic estimates of ulti-
mate potential, as the branches of the industry mature. 

While the WCSB will be the major basin for unconven-
tional gas (except for gas hydrates) there are significant 
developable resources in other parts of Canada. This is 
shown in Figures 1.5 through 1.8, where the aggregate 
figures in Figure 1.4 are divided between the regions 
based on current knowledge. 

Potential CBM areas are shown in Figure 1.5. There 
has been extensive piloting and now early commercial 
production in Alberta and B.C. As well as the known re-
sources in the WCSB, coal reserves in the Maritimes are 
already under initial stages of development. A number of 
operators, government agencies, and consultants are cur-
rently having difficulties applying conventional mass bal-
ance or volumetric reserves calculations to unconventional 
resources. Some have started reviewing that process to de-
termine a method more suitable to calculating reserves 
based on a “gas deposit” approach. This issue will also be 
addressed in the upcoming Volume III of the Canadian Oil 
and Gas Evaluation Handbook (COGEH). 

Figure 1.6 gives similar gas-in-place estimates for 
tight gas, indicating the anticipated continued dominance 
of the WCSB, where significant production and extensive 
piloting has been underway for many years. As with CBM, 
there are tight gas areas in the east, but they are as yet 
poorly defined.

Figure 1.7 provides an estimate of shale gas-in-place, 
with estimates approximately equal to those of tight gas. 
Again, some possible shale gas plays exist in the east, but 
are as yet undefined as gas-in-place. 

Figure 1.8 identifies areas that likely contain gas hy-
drates, but the wide range – from 1,540 to 28,500 Tcf 
of potential in-place resource – is itself an indication of 
the lack of real definition at this early stage. Gas hydrate 
exploitation is not expected to start until towards the end 
of the roadmap planning horizon, but its long-term poten-
tial is enormous, if and when other unconventional gas 
reserves begin to plateau. 

With the right incentives to develop and apply new 
technology, unconventional gas has the potential to re-
verse the projected decline in Canada’s largely conven-
tional natural gas supplies.

Unconventional Gas – What is it?

Gas hydrate 
exploitation is not 
expected to start 
until towards the 
end of the roadmap 
planning horizon.
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Unconventional Gas – What is it?
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2.
The Opportunity for Unconventional Gas

2.1 World Gas Supply and Demand

Natural gas is an energy source the transportation logistics for which make it best 
suited to continental supply and demand. However, the emerging potential for LNG 
is transforming the industry into a world-based gas trading market. Figure 2.1 sum-
marizes world demand taken from the 2004 BP Statistical Review of World Energy (BP, 
2004), adapted to focus on North America. In this roadmap we adopt trillion cubic feet 
(Tcf) and billion cubic feet (Bcf) as standard volume measures.

Current world supply and demand is estimated to be 98 Tcf/year or some 268 Bcf/
day. North America is responsible for about 60 Bcf/day of demand, and this is largely 
met by production within the U.S. and Canada. 

2.2 U.S. Gas Supply and Demand

Figure 2.2 identifies current U.S. production and consumption, and import sources. 
At this point in time, the 3.4 Tcf/year (8 Bcf/day) shortfall in U.S. domestic supply is 
almost entirely satisfied by imports from Canada. This is approximately half of all Ca-
nadian production. Limited LNG imports today make up the difference.

Figure 2.3 is the U.S. gas demand forecast and expected 
supply source to the year 2025. It is evident that Canadian im-
ports are anticipated to be reduced somewhat, but remain sig-
nificant, and LNG will rise considerably. While LNG potential is 
beyond the focus of this roadmap, continued U.S. dependence 
on large Canadian gas exports 
represents a part of the challenge 
facing the Canadian gas industry.

Continued U.S. 
dependence on 
large Canadian gas 
exports represent a 
part of the challenge 
facing the Canadian 
gas industry.
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In the U.S., where conventional gas production 
peaked some 15 years ago, unconventional gas is now 
estimated to account for more than 30% of their domestic 
gas production, and is growing. U.S. unconventional gas 
is currently at about 6 Tcf/year, equal to total Canadian 
gas production. The U.S. unconventional gas industry is 
a good example of cooperation between stakeholders to 
rise to the challenge when necessary. The Canadian un-
conventional gas industry is only now beginning to show 
the kind of potential pioneered in the U.S. 

2.3 Canadian Gas Supply and Demand

A review of Canadian gas supply projections to the 
year 2025 was developed by the NEB (NEB, 2003), but 
without consideration of a major additional development 
of multiple unconventional gas resources. 

Two scenarios were developed for the NEB report. In 
summary, the “supply push” scenario envisaged a world 
in which the push for new technology was not high on the 
agenda, and environmental concerns are not advanced. 
Under the “techno-vert” scenario, technology develop-
ment is encouraged, and society adopts a more proactive 
stand on the environment. Each scenario was also accom-
panied by long-term projections on economic growth. All 
these factors were combined to develop Canadian gas 
supply and demand projections. 

This roadmap adopts the average of the two NEB 
scenarios as a guide to Canadian supply projections to 
2025. This is shown in Figure 2.4. NRCan projections are 
also shown for comparison, averaged from a number of 
sources to 2020. The “rest of Canada” portion includes 
the east coast and supplies from the Arctic via the MacK-
enzie Valley pipeline. 

According to these projections, peak supply depicted 
in Figure 2.4 is maintained at approximately today’s level, 

around 6 to 6.5 Tcf/year (16.4 to 
17.8 Bcf/day), until about 2015. 
However, the accelerating decline 
in conventional gas production in 
WCSB brings total production to 
approximately 5.3 Tcf/year (14.5 
Bcf/day) by 2025. 

The segment representing 
the WCSB is largely conventional 
gas, but also includes some in-
creasingly challenging tight gas 

sources. Note that the NEB and NRCan projections already 
anticipate a significant role for CBM over the roadmap pe-
riod. The projections of supply do not however include any 
contribution from shale gas or gas hydrates. 

The Opportunity for Unconventional Gas

Decline in 
conventional 
gas production 
in WCSB brings 
total production to 
approximately 5.3 
Tcf/year by 2025.
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Figure 2.5 depicts the equivalent demand projections 
for Canada from the same sources. In the five key con-
sumption categories, current demand of around 3 Tcf/year 
(8.2 Bcf/day) is anticipated to rise to around 4.2 Tcf/year 
(11.5 Bcf/day). In all current projections, it is not clear to 
what degree oil sands industry demand has been reflected. 
This is a major factor which could add as much as 0.5 
Tcf/year (1.4 Bcf/day) even with substantial substitution by 
alternatives to natural gas. The oil sands industry demand 
comes from the current use of natural gas for recovery 
energy and the production of hydrogen for upgrading to 
synthetic crude oil.

Canadian demand for natural gas is currently ap-
proximately 50% of supply, with the net 3 Tcf/year being 
exported to the U.S. However, by 2025, declining supply 
and increasing domestic demand could seriously erode 
the export potential at the end of the roadmap period, as 
is evident by comparing Figures 2.4 and 2.5. 

Other sources which might help to fill the gap are 
LNG imports from offshore, or the possible large scale 
gasification of coal, as is currently practiced in North Da-
kota. Gasification of residues (to replace natural gas use) 
is also a key plank in the future development of oil sands. 
Despite these alternatives, supplies to meet Canadian do-
mestic demand and export potential could be under threat 
without accelerated development of unconventional gas 
resources.

2.4 A Vision for Canadian Unconventional Gas

This roadmap sets a vision for expanded unconven-
tional natural gas production in Canada. The two prin-
cipal elements of that vision are to maintain Canadian 
self-sufficiency in natural gas, and to strive to keep exports 
to the U.S. at current levels. 

Figure 2.6 quantifies this vision, and calls for Cana-
dian supply to rise to 7.5 Tcf/year (20.5 Bcf/day) by 2025. 
Unconventional gas is challenged to fill the future gap 
resulting from declining conventional gas 
supplies, and to meet about 40% of all 
Canadian domestic supply by 2025, and 
rising beyond that time frame.

2.5 Potential Impact on the Canadian Economy

A recent joint report by the Canadian Energy Research 
Institute (CERI) and CSUG (CERI/CSUG, 2006) was pre-
pared for the Alberta Ministry of Economic Development 
to estimate the impact of the Horseshoe Canyon CBM 
development in economic and employment terms. The 
median numbers in the CERI report project a cumulative 
10-12 Tcf of gas from this CBM area 
between now and 2026, resulting in 
about $9 billion in cumulative invest-
ment, an added $110 billion to the 
host province GDP, and an added $10 
billion in the GDP of other provinces. 
In addition, it is anticipated there will 
be 650,000 person-years of work cre-
ated, and tax and royalty revenues of 
some $17 billion generated. These es-
timates are in constant 2004 dollars.

Different resource types will have 
different economic development char-
acteristics. However, these numbers 
can be used to estimate the impact of the total unconven-
tional gas development under the vision proposed in this 
roadmap – a cumulative production of some 28-30 Tcf 
to the year 2025. Aggregate investment of around $25 
billion will be rewarded by GDP impact of approximately 
$350 billion inside and outside the host provinces, the 
creation of about 2 million person-years of work and tax 
and royalty income in the region of $50 billion. 

The Opportunity for Unconventional Gas

Rewards include 
the creation of 
about 2 million 
person-years 
of work and 
tax and royalty 
income in the 
region of $50 
billion.

Unconventional 
gas is challenged 
to fill the gap.



14 Unconventional Gas Technology Roadmap



Unconventional Gas Technology Roadmap

15

3.
Challenges to the Development  
of Unconventional Gas

3.1 Introduction

The vision for expanded production from unconventional gas is not without sig-
nificant challenges, many of which extend beyond the technology to find and produce 
the resources. 

There are non-industry stakeholders, including landowners, governments and 
broader society, all of whom attach a special significance to sustainable development 
challenges. These include, for example, landowner concerns for disruption of alterna-

tive land uses, the visual impact of relatively dense well spacing associ-
ated with unconventional gas developments, and protection of fresh water 
aquifers. As the unconventional gas business has grown, particularly from 
CBM, studies have been initiated, and actions are ongoing to address 
these concerns. 

A significant development has been the formation of the CBM Multi-
Stakeholder Advisory Committee (MAC) which was formed in November 
2003 as part of a multi-phase review initiated by ADOE. The review in-
volved public consultation through a variety of methods, with the stated 

objective of ensuring the economic benefits of such developments are balanced by the 
protection of land, air, and water resources. A report issued in July 2005 (ADOE, 2005) 
identified ten top recommendations, dealing with all aspects of sustainable develop-
ment practices, and how current issues and challenges should be addressed. An ex-
ample of the work undertaken leading to the MAC recommendations is provided in the 
Water Working Group final report, issued through Alberta Environment (AENV, 2005). 

Other non technology-based challenges include regulatory questions such as ap-
provals, proper delineation of unconventional resources and ownership of multiple 
resources in common areas, and the need for larger contiguous blocks of land to allow 
for economic development. 

The protection of flora and fauna in new development areas is not unique to the 
exploitation of unconventional gas resources, but in common with other resource devel-
opments there will be a need to address such issues on a case-by-case basis. 

It is hoped that this roadmap will facilitate the joint 
consideration between industry and governments to 
resolve these issues. However, those that do not lend 
themselves to technology-based solutions are not fully 
addressed in this roadmap.

While the future development of unconventional 
gas resources will be dependent upon long-term pricing that sustains the added costs 
for recovery, this roadmap does not cover long-term pricing predictions and their influ-
ence on the level of unconventional gas industry activity.

Intellectual property ownership is an important question with many of the industry 
participants, given the highly competitive nature of an industry in its relative infancy. 
However, now that most land positions have been taken up, there may be more op-
portunity for industry to share in the investigation of common issues, and express ap-
propriate interest in co-funding of pre-competitive R&D in recovery technology, as well 
as in areas related to the environment. 

Joint consideration 
between industry and 
governments is needed 
to resolve issues. 

There are many 
stakeholders 
in the future 
development of 
all unconventional 
sources of gas.
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3.2 Resource Development Technology

Technology roadmaps have been developed for a 
number of industry sectors over the last decade. Their 
collective purpose is to identify challenges which may be 
overcome through technology development to move the 
various industries forward. In the Canadian energy sec-
tor, technology roadmaps have been published for the Oil 
Sands industry (ACR, 2004) and for Clean Coal (NRCan, 
2005). The Gas Recovery Institute (GRI) based in the U.S. 
has already published a technology roadmap for the U.S. 
unconventional gas industry (GRI, 2003), and this was re-
cently updated and refined through a series of workshops 
organized by the Research Partnership to Secure Energy for 
America (RPSEA) (RPSEA, 2005). 

While the Canadian industry continues to transfer 
technology from the U.S. experience, there are significant 
resource differences that require the development of our 
own technical and experience base. Many industry play-
ers are known to be piloting new, enhanced production 
techniques in very low permeability plays, where produc-
tion prior to recent increased gas prices was not consid-
ered economically feasible. The technology to find and 
develop the resources – the act of gaining the prize – is 
the central subject matter in sections 4 through 6 in this 
technology roadmap. 

3.3 Environmental and Other Challenges

Many environmentally-based challenges will be ad-
dressed by specifically targeted technology, or indirectly 
through new recovery practices. Section 7 summarizes and 
identifies key environmentally-based technology develop-
ments largely discussed in detail in sections 4 through 6. 
Highlighted here are the currently known, most important, 
environmental and sustainable development challenges. 

Water Management Practices

Water management takes a number of forms, par-
ticularly in relation to CBM. In CBM many resources con-
tain water along with the trapped gas. In these wet CBM 
resources, the water needs to be produced before the 
gas can be released. The produced water must either be 
pumped into deep disposal wells, or from a more sustain-
able future perspective, treated for some form of reuse. 
Above-ground water production and its safe disposal or 
treatment is also a challenge for other unconventional re-
sources, especially gas hydrates. 

A separate issue, and one that has gained significant 
recent attention, stems from production areas that are bi-
sected by fresh water aquifers. Special measures will be 
needed to protect these aquifers while producing the gas. 
Fresh aquifer protection is also a possible challenge in 
some tight gas, shale gas and land-based gas hydrates. 
Methane migration, which is discussed further, is a special 
challenge that needs to be investigated. 

Surface Impact

The size and visual aspects of the footprint in all un-
conventional gas operations were discussed above in rela-
tion to stakeholders, particularly landowners who are most 
affected. The footprint in unconventional gas operations 
is greater than for conventional 
gas, because the low permeability 
of such resources leads to a higher 
well density and associated above-
ground infrastructure to produce the 
gas at economic rates. 

New technology such as the ap-
plication of horizontal drilling and 
high angle well patterns to unconventional gas is an ex-
ample of how technology may play a role in providing 
solutions to this issue. Such developments place more of 
the production infrastructure underground and will require 
fewer above-ground well pads per section. 

Noise

Unconventional gas resources produce at low surface 
pressures and therefore require multiple stage compres-
sion. Combined with the higher well density, this creates a 
higher noise level than is the case with conventional gas 
production from higher pressure wells. 

Air Quality

The principal emissions (other than greenhouse gases) 
arise from flaring and venting, especially prior to individual 
well tie-ins to gas collecting infrastructure. 

Greenhouse Gas Emissions 

There are three possible sources for greenhouse gas 
emissions in unconventional gas development. The first is 
variable CO2 content in produced gases, including pos-
sibly in gas hydrates, which is eventually separated and 
vented. This can be as high as 8-10% by volume for 
thermogenic CBM. A second potentially major source of 
greenhouse gases is fugitive methane emissions during 
normal operation, and during venting prior to tie-ins. The 
industry needs to monitor and find ways to reduce meth-
ane emissions to the atmosphere. Thirdly, the high level 
of power consumption from compression is an indirect 
source of CO2 emissions. 

Conversely, one area of 
technology development in CBM 
production is the potential to use 
CO2 from available sources to 
enhance natural gas production 
while sequestering CO2. Three 
major projects in the San Juan 
Basin in the U.S. are already ex-
perimenting in large multi-well programs. The Canadian 
Sequestration and Enhanced CBM Project (CSEMP) is in 
the early stages of developing an experimental investiga-
tion into CO2 sequestration through CBM development. 

Challenges to the Development of Unconventional Gas

The footprint in 
unconventional 
gas operations is 
greater than for 
conventional gas.

There is potential 
to use CO2 from 
available sources to 
enhance natural gas 
production while 
sequestering CO2.
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Methane Migration 

There is a need for the industry to work with govern-
ment regulatory authorities to investigate if there is meth-
ane migration from CBM developments and other shallow 
gas operations to adjacent zones. Recent public interest in 
the protection of fresh water aquifers exemplifies the grow-
ing concern of stakeholders 
close to CBM wells. The in-
dustry and regulatory au-
thorities need to generate a 
base line of information be-
fore development begins, so 
that any impact from drilling 
and production operations 
can be identified. Technolo-
gy will need to be developed 
to minimize or eliminate any 
negative impact. 

Fluid Management and Disposal

The industry, in cooperation with other bodies, needs 
to investigate whether the fluids used in unconventional 
gas drilling and completion practices could affect adjacent 
or overlying aquifers. A full characterization of drilling and 
completion fluids is also essential to understand poten-
tial deleterious effects from certain fluid disposal options. 
Their use is not unique to the unconventional gas industry, 
but they will be more pervasive on account of higher well 
counts for comparable future gas supplies. 

Shallow Fracture Containment 

Some of the unconventional gas resources considered 
as part of the long-term development in this roadmap are 
at relatively shallow depths. This includes some CBM, as 
well as tight and shale gases. Shallow gas resources and 
their development bring underground drilling and stimu-
lation activities closer to the surface. In particular, care 
needs to be taken in stimulation techniques to ensure no 
damage to above-ground structures, nor to fresh water 
aquifers used to supply water for irrigation, livestock, and 
human consumption. The EUB is currently investigating the 
depth above which there may need to be a moratorium on 
shallow gas drilling. 

Destabilization of Land or Seafloor

In the future development of gas hydrates, a significant 
challenge to the seafloor, tundra, or muskeg is posed by 
gas hydrate destabilization. These geotechnical hazards 
are not restricted to the envisaged production of uncon-
ventional gases alone, but they are a recognized and 
managed hazard to all oilfield operations in permafrost 
regions where gas hydrates can occur (Nimblett, 2005). 
Many of the hazards related to gas hydrates are generally 
from human activities that could impact the permafrost, 
which acts as a thermal buffer that suppresses and delays 
gas hydrate destabilization. 

Strategies, operation activities, and materials for miti-
gating these hazards have been developed in association 
with extensive operations in permafrost regions, such as 
the Alaskan North Slope.

Technical and Operating Manpower and Facilities

The rapid development of all energy sectors, in the 
province of Alberta in particular, is placing severe strain 
on available trained personnel. This includes technical, 
construction trades and operating staff. In addition, the 
availability of certain supplies, including special cement 
and materials used for stimulation, sometimes hamper 
timely development. 

Commingling

In many unconventional gas reserves, more than one 
gas-bearing geological formation may be present. For ex-
ample, in some exploration plays CBM may coexist with 
tight gas and shale gas, all of which may be co-produced. 
Technology is being sought to assist in a more precise un-
derstanding of the origins of the different producing zones. 
Such an outcome may benefit the producer by helping to 
identify the more productive zones. In addition, where dif-
ferent owners have segregated rights to specific resources 
under the same land, there is an obvious desire to share 
production equitably. 

This roadmap has identified a number of challenges to 
unconventional gas development, and many are related to 
sustainable development. The industry needs to place en-
vironmental concerns on an equal footing with enhanced 
recovery in order to maintain public support. 

Challenges to the Development of Unconventional Gas

Industry must work 
with government 
regulatory 
authorities to 
investigate if there is 
methane migration 
from CBM 
developments.
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4.
Characterization and Modelling

4.1 Introduction

Sections 4 through 6 in this roadmap discuss the technology central to the finding 
and development of unconventional gas resources. Since many of the technical chal-
lenges between the resources are common to CBM, tight gas, and shale gas, these 
sections are not subdivided by resource type, but are based on groupings of technology 
under three distinct activities when developing unconventional gas plays:
█ Section 4: Characterization and Modelling
█ Section 5: Drilling and Completions
█ Section 6: Lift and Surface Transportation

Because the three primary activities are highly integrated, a number of dependen-
cies influence the decisions made under each activity. 

For readers interested in specific technology needs by resource play, a series of 
summary tables that represent the collective output from industry workshops held in 
October, 2005 are found in Appendix 1. 

In Sections 4 through 6, technology is discussed under three themes:
█ The current state of the technology
█ Opportunities for continuous improvement (or incremental innovation)  

to current technology
█ Step-out technology needs or opportunities

4.2 Characterization and Modelling Today

Characterization and modelling of unconventional gas today borrows from con-
ventional oil and gas techniques and practices. While each resource has its own unique 
properties and characteristics, significant applicable experience and knowledge already 
exists in the conventional gas industry from which to make today’s unconventional plays 
the norm for tomorrow. 

Unlike conventional plays, finding and producing unconventional resources entails 
not only the discovery of entirely new plays, but also the re-discovery of previously 
missed or uneconomic ones. Known zones of tight gas, shale gas and CBM are now 
being re-evaluated to identify any missed opportunities (Engler, 2005). Characteriza-
tion and modelling techniques are needed for both new discovery and re-discovery, 
and existing information and knowledge is an invaluable base for developing new 
practices and technology specifically designed for unconventional gas. 
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Geosciences

Geosciences are a category of sciences devoted to the 
study of the earth. These include geology, geophysics and 
geochemistry. A variety of techniques and practices have 
been developed under each science to aid in the under-
standing of the earth. 

These sciences have been essential to past oil and 
gas development and will likely be even more important 
for the development of complex unconventional plays. 
The study of geological outcroppings and surface fea-
tures, aided by the study of physical specimens gathered 
during drilling programs (such as rock cuttings and core 
samples), is important for formation characterization and 
structural geology. Seismic and electromagnetic surveying 
are geophysical methods that provide non-invasive means 
of understanding geology deep underground, and are 
aided by the data gathered during geophysical logging in 
conjunction with drilling programs. Geochemistry provides 
another data set from which to extract information to better 
characterize and model both formations and reservoirs.

Geosciences are also important on the (smaller) reser-
voir scale, and constitute a large part of the work that goes 
into reservoir characterization and modelling, as indicated 
in the general workflow in Figure 4.2. The steps begin 
with data quality evaluation (such as seismic, core, gas 
sample, well log, and existing production data), followed 
by scale selection (both vertical and lateral) for character-
ization purposes. The scale is resource dependent, with 
some plays requiring larger scales than others. Next is a 
series of interpretive steps designed to help understand 
specific aspects of the horizons of interest (such as seals, 
cap and/or basal continuity, and morphology), define the 
structure of these zones, and infer basin deformation and 

thermal history. Subsequently, a number of quantitative 
steps are taken, including: measuring three dimensional 
(3-D) changes to formation thickness, lithology, poros-
ity, and permeability; determining the vertical and lateral 
properties of seals, caps, and bases; and the computation 
of original and current fluid distributions. These steps are 
followed by a review of potential drilling, stimulation and 
completion options (which will be discussed in Section 5), 
followed by gathering and analyzing all the available data, 
and finally building the models. 

Modelling 

Unconventional gas reservoirs are more difficult to 
model than conventional gas reservoirs because the flow 
behaviour is transient for much longer periods of time be-
fore stabilization. At this point in time, given the relatively 
immature nature of unconventional resource exploitation, 
a great deal of attention has been paid to matching the 
known patterns of actual 
production against vari-
ous prototype models – so 
called “history matching”. 
However, the long-term 
objective is the develop-
ment of models for uncon-
ventional gas reservoirs at an appropriate scale, which 
can be used to simulate and predict potential production 
prior to commercial development. 

Although conventional characterization and modelling 
has helped with unconventional gas development so far, a 
number of questions arise. Some key areas of inquiry that 
require further research are illustrated in Figure 4.3.
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Many of these areas of inquiry are common to sev-
eral (or even all) resource plays; however, others are only 
relevant to specific plays. For example, cleat porosity 
and orientation are aspects of CBM characterization that 
require further study. Gas hydrates will require entirely 
new practices, and creative thinking is critical for these 

plays. This figure is not an exhaus-
tive list of the technical challenges 
to overcome; rather it illustrates 
some key areas in which to apply 
innovation today. 

4.3  Continuous Improvement

Continuous improvement refers 
to research and development (R&D) 
applied to existing technology plat-
forms, which often results in cost re-
ductions or improved performance 
to existing technology and practices. 
For example, developing new drill-
ing bits may entail alterations to existing technology to 
improve either the efficiency or performance of bits. Con-
tinuous improvement can yield faster development and 
less costly production and depletion in reservoirs that are 
already deemed technically feasible today. Figure 4.4 lists 
a number of areas for continuous improvement in charac-
terization and modelling. 

Data Mining, Collection and Sharing 

Significant opportunities exist in data mining, collec-
tion and sharing. Places with a long history of oil and gas 
activity, such as the WCSB, already have a large base of 
publicly available information. It is important to re-evalu-
ate this database for evidence of unconventional gas 
potential. Unconventional resources were historically of 
little interest and many potential zones, especially tight 
gas and shale gas zones, were overlooked in the past. 
Much can be done by revisiting existing seismic data, rock 
cuttings, core samples, mud and geophysical logs with a 
new objective of finding pressure, temperature, gas flow, 
permeability, porosity and rock type data. Additionally, 
if new cased-hole technology and approaches become 
available, abandoned or suspended wells could be used 
to gather new information (this technology is discussed 
again in Section 5). 

Part of the effort in revisiting existing conventional gas 
data for application in new and useful ways for unconven-
tional gas involves the integration of diverse data sources 
at different scales. This integration requires the rework-
ing of old data and the development of new systems and 
software for integrating log, core, seismic, and other rel-
evant information. Combining data at different scales can 
be complicated, and thus integration will depend on new 
developments in computing and graphics power. While 
many of the techniques exist, they need to become more 
readily available and user-friendly, less time consuming, 
and less costly. 

Other information sources exist, in places like the U.S., 
Europe and Japan, from which to draw relevant informa-
tion on unconventional gas analogues. Improvements to 
data mining, collection and sharing is considered a key re-
search area for unconventional gas characterization, one 
that may yield useful results if integrated systems can be 
developed to enable better synthesis and sharing for rel-
evant information. The organization and detailed review of 
existing archived data was a key need identified in recent 
unconventional gas workshops in the U.S. (RPSEA, 2005). 
Results may include both basin and reservoir-scale maps 
for each of the unconventional gas plays. 

Gas hydrates may be an exception to the need for re-
examining old data, as hydrates research is already highly 
dependent on limited existing information. Of more im-
portance today is the need for new, tailor-made science 
and engineering programs for gas hydrates development, 
including longer and more periodic testing to enable bet-
ter history matching with current models. 

Play-Based Analysis 

All four unconventional gas 
resources require more play-
based analysis, including a bet-
ter scientific understanding of the 
different resources plays – how 
they were formed and what distin-
guishes them from other resource 
plays. Ultimately, the desire is for 
a number of predictive models for 
the variety of resource typologies. These would include 
geological models that utilize known information about 
physical, chemical and engineering properties to help pre-
dict pay zones. This predictive ability has been an impor-
tant part of conventional oil and gas, and no doubt will 
continue to matter for unconventional gas. 
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Each unconventional gas play can be further subcate-
gorized into a series of typologies and general character-
izations, and they all require models. For example, WCSB 
tight gas plays include both carbonate plays (such as the 
Jean-Marie in northeastern B.C.) and extended deep-ba-
sin plays (like the thick sections of clastics that stretch from 
northeastern B.C. to southern Alberta). Characterization 
criteria can be used to develop proxies for each typol-
ogy, with examples of relevant information being: original 
gas-in-place; technical recoverability of the resource; ex-
pected production performance; economic recoverability 
and estimated reserves. These factors imply an advanced 
understanding of production characteristics and drain-
age patterns for each typology (which is discussed further 
in Section 5).

While detailed play-based analysis is important, so 
is an improved understanding of how everything ties to-
gether in the geological sense. Macro-level models that 
enable the placement of individual fields and trends into 
the larger scale depositional, structural, diagenetic and 
petroleum context would be very useful. This involves the 
integration of specific geological data in the development 
of larger systems models and would thus include informa-
tion on source rock type, its richness and maturity, and 
expulsion timing into the regional host rocks. This infor-
mation depends on accurate characterization of regional 
depositional environments, diagenesis, and stress and 
strain (tectonic overprint) experienced over time. 

An important part of the macro-level understanding 
is developing a clear means of drawing the boundaries 
between unconventional gas plays. As already noted in 
Section 1, the exact boundaries between conventional 
versus tight gas or tight gas versus shale gas plays have 
not yet been clearly established. Perhaps further analysis, 
such as the characterization of different plays (and the 
development of a set of proxies), will help with defining 
the boundaries. 

Specific to CBM and shale gas plays is the need for 
more information on coal type and rank, shale quality, ker-
ogen types, mineralogy and fluids, thermal maturity, and 
adsorption and desorption properties. Critical to under-
standing both CBM and shale gas is the relative composi-
tion of biogenic versus thermogenic gas, which provides 
an indication of the different environments under which 
the gases were generated and trapped. Another critical 
area of research relates to the amount of free gas ver-
sus adsorbed gas, because the production of either type 
of gas may involve very different processes. Specifically, it 
is important to understand desorption rates, and how the 
methane versus CO2 composition changes over time. 

The science behind gas hydrates has advanced great-
ly in recent years, but more work is required to understand 
the basic science of hydrate formation and the variety of 
situations in which hydrates are found (land versus sea-
floor). Research is needed on Type I, Type II and Type H 
hydrate structures, and how they are formed and main-
tained in nature. Such knowledge would assist with gas 
hydrate exploration, and would constitute an important 
first step in developing and deploying successful explora-
tion techniques (such as geophysical surveying and drill-
ing programs). Basic science, such as facies modelling, 
would help in the understanding of hydrate occurrences 
and assist in identifying the most economic deposits to 
produce. Ultimately, we require a tool that models the 
formation of gas hydrates under a variety of conditions 
(sea- or land-based, and anywhere along the pressure/
temperature continuum). 

The information gained from high quality play-based 
analysis helps guide companies when developing drilling 
programs and resource development strategies, and as-
sists government agencies when formulating regulatory 
policy. An understanding of the science behind each re-
source play will result in the generation of information 
that helps maximize resource recoverability in a sustain-
able manner. 

Reservoir Characterization

Innovative new technologies and practices are need-
ed for reservoir characterization in areas such as geo-
sciences, subsurface imaging, in situ analysis, modelling, 
and engineering. This requires a departure from current 
thinking with a new focus on complex unconventional gas 
zones, which are often thinner, less permeable than con-
ventional plays, and commingled. Characterization and 
modelling at the reservoir scale needs to include informa-
tion about depositional environments, diagenetic history, 
drainage area size and shape, continuity of the beds or 
layers within production zones, long-term recovery fac-
tors, recovery rates over time, natural 
fracture orientations and geometry, 
and downhole pressure and tempera-
tures. Ultimately, successful reservoir 
characterization will result in the ability 
to accurately develop 3-D representa-
tions of these reservoirs, based on the 
pertinent characteristics.
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Geophysical surveying, one of the greatest techno-
logical contributions to conventional oil and gas, is also 
instrumental to the success of unconventional gas devel-
opment. An important innovation will be the development 
of high resolution seismic (both 2-D and 3-D), which will 
help with pay zone and natural fracture identification. High 
resolution seismic will require changes to current practices 
(such as alterations to frequency and amplitude), changes 
to processing procedures (both vertical and horizontal pro-
cessing), and the re-calibration of measurement devices 
for new rock lithology. Calibration is particularly important 
in areas where there is little existing seismic data (such as 
land-based gas hydrates) because the calibration would 
help with the discovery of other deposits. Improved high 
resolution cross-well tomography (using tighter well spac-
ing) is needed for both compression and shear wave data. 
The shear wave component is very important to uncon-
ventional gas because it can be used to identify reservoir 
heterogeneities and fluid content. 

Electrical resistivity is another important geophysical 
tool for unconventional gas, and new and improved surveys 
should be designed specifically for each type of deposit. 
Resistivity may be very important for gas hydrates research 
because hydrates are non-saline, and therefore may have 
an identifiable signature from their surroundings. 

Advances in geochemistry are particularly important 
to CBM and shale gas because of the need to better un-
derstand how adsorption and desorption takes place. 
Geochemistry is also important to shale gas and gas hy-
drates, because both plays consist of a mix of biogenic 
and thermogenic gas. In addition, the clathrate structure 
of gas hydrates can host a number of molecules, including 
hydrocarbons, CO2 and H2S, and a better understanding 
of these compositions is important. 

Research in geothermal and hydrological sciences 
may also contribute to unconventional gas development. 
Studying the earth’s geothermal gradient is important for 
gas hydrates because of the relationship between tem-
perature and pressure in hydrate formation. Hydrogeology 
is particularly important for CBM and shale gas because 
formation water affects adsorption and desorption rates 
and is an important factor in producing the gas. 

Natural fractures are extremely important to uncon-
ventional gas reservoirs, and the assessment and char-
acterization of these fractures (and other determinants of 
permeability) in unconventional plays is a high-priority 

R&D need. Because reso-
lution becomes an issue 
at larger scales, the focus 
is on reservoir-scale (and 
even well-scale) fracture 
assessment for the iden-
tification of sweet spots 

(the highly fractured and permeable zones). Stochastic 
modelling at the reservoir scale will be needed consider-
ing the random nature of fractures and of permeability in 
unconventional plays.

New technologies are needed for identifying, delineat-
ing, quantifying and predicting natural fracture systems, to 
help generate predictive models for sweet spot identifica-
tion. Specific technologies may include the high resolution 
geophysical tools noted previously and new high resolu-
tion logging and borehole tools (both are discussed in 
Section 5). These tools will help unravel the complexity of 
unconventional reservoirs by allowing for the identification 
and modelling of natural fractures, thin beds, and multiple 
beds. The hope is that these techniques can help deal with 
lateral heterogeneity, which is particularly problematic with 
thin beds and individual coal seams (both of which are dif-
ficult to correlate in laterally contiguous zones). 

In coal beds, fractures take the form of face and butt 
cleats, and it is the cleat density, spacing and geometry 
that determine the transmissibility of gas in CBM reser-
voirs. A specific issue for CBM production is cleat opening 
and closure over time, and producers need a better un-
derstanding of how and why this dynamic occurs. Industry 
needs to develop a tool or method to analyze fractures 
from the surface in order to find sweet spots prior to drill-
ing, or to optimize well locations.

Gas hydrate exploration requires a number of special-
ized tools for ocean- versus land-based deposits. Offshore 
characterization relies on ocean-going seismic surveying, 
and in particular, high resolution deep-towed seismic. 
Cost effective, non-invasive, seafloor sampling techniques 
and electrical profiling also plays a role. Land-based hy-
drate studies rely less on seismic and more on borehole 
techniques such as sonic logs, resistivity logs and mud 
gas detection (Hyndman and Dallimore, 2001). New core 
samples of hydrate-bearing formations, the overlying per-
mafrost, and the underlying free gas zones are needed 
(Hyndman and Dallimore, 2001). In addition, the industry 
would benefit from higher resolution seismic tools calibrat-
ed for gas hydrate zones. 
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4.4 Step-Out Technology Needs  
or Opportunities

This section is devoted to radical innovation that may 
result in entirely new technology and practices. Some of 
the innovations described here are only at the conceptual 
stage today, and they may be many years from commer-
cialization. These future needs are important to consider, 
because novel concepts and ideas can result in a step-
change in both cost effectiveness and technical ability, and 
can significantly enhance the future success of unconven-
tional gas. With future innovative developments, the extent 
of the “ultimate resource” can be expanded in the same 
way that steam assisted gravity drainage (SAGD) increased 
reserves in the oil sands industry. 

While the previous section discussed technology in 
terms of the desired end result, this section accepts many 
of those aims and objectives but highlights some areas 
where step-out technology is either currently under review 
or is desirable to pursue. The eventual success of the inno-
vations in Figure 4.5 depends very much on the academic 
community in the early stages. 

Gas Hydrate Play-Based Analysis 

Play-based analysis is not new or novel to current 
characterization and modelling for CBM, tight gas and 
shale gas (development opportunities here have been 
adequately covered in Section 4.3). However, for gas 
hydrates, this kind of analysis is currently in its very early 
stages. Although continuous improvement to gas hydrate 
play-based analysis has already been discussed, there is a 
strong need to rethink the strategic approach to this analy-
sis because of the uniqueness of these plays compared to 
other hydrocarbon resources. 

In response, the U.S. has developed computer con-
trolled laboratory systems for simulating both the gen-
eration and decomposition of hydrates in sediments. The 
simulations use controls to mimic the deep sea or arc-
tic conditions under which hydrates are formed, includ-
ing natural mechanisms such as sediment accumulation, 
cyclical sea level changes, and the trapping of free gas 
beneath the hydrate seal. Further studies are needed to 
understand the basic geological, chemical and physical 
properties of gas hydrates and the geological processes 
they have undergone (such as depositional, diagenetic 
and structural) (Dallimore and Collett, 2005). The inte-
gration of these new forms of data with older or existing 
information is also important. 

Sweet Spot Identification

A top priority in reservoir characterization is sweet spot 
identification, and any new technology designed for this 
purpose will help transform the industry. There is a need for 
advanced data integration technology to better enable the 
use of surface and downhole seismic information, along 
with other data sets in high resolution 
cross-well tomography. This includes 
the need to integrate logging, coring 
and cuttings data into cross-well mod-
els. Better correlation between core 
samples, logs and seismic data can 
be used to more accurately calibrate 
all of these tools. In addition, new 
algorithms are needed for better correlation of empirical 
and theoretical data. All of this is intended to lead to the 
development of reliable new predictive models. The mod-
els must be low cost, rapid-response, user-friendly systems 
that offer 3-D representations of the reservoir, with a fourth 
dimension dedicated to fluid flow and other interactions. 

Natural fracture assessment has already been dis-
cussed, but certain aspects of it need to go beyond contin-
uous improvement. The ability to predict natural fractures 
may require entirely new technology, and this is one R&D 
area where significant breakthroughs would have an enor-
mous impact. 

Advanced Sub-Surface Monitoring 

Advanced in situ monitoring systems will help by pro-
viding a “live” view of reservoir dynamics. Multi-zone pres-
sure, temperature and other profiles, enabled by advanced 
communication technology and multipoint sensors, will be 
important to the advanced development of all unconven-
tional gas plays (Nickle’s, 2005a). This type of technology 
is also important to other unconventional gas development 
activities, and it is discussed in detail in Section 5.
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5.
Drilling and Completions

This section covers activities related to drilling and completing unconventional gas 
wells. These activities are very important for the production of unconventional gas be-
cause of the complexity of the resources, and there is a need for new and advanced 
technologies and practices. The section first discusses how drilling and completions are 
performed today and the technology used. This is followed by a review of continuous 
improvements to current practices and technologies, and the section concludes with a 
review of the most important step-out technology opportunities. 

5.1 Drilling and Completions Today

The drilling and completion of unconventional gas wells 
borrows from the extensive suite of technologies already made 
available through the conventional oil and gas industry. How-
ever, there are several difficulties that have been experienced 
with direct application to unconventional gas plays. Figure 5.1 
broadly indicates the drilling and completion activities related 
to unconventional gas, which are then discussed in detail. 

Well Site Preparation

One of the first steps in drilling a well is preparation of the well site and the trans-
portation of equipment to and from the site. Site preparation generally entails some 
land excavation to make the location suitable for drilling operations. This has an 
obvious impact on land use, and industry is making efforts to 
reduce pad sizes and optimize locations for the surface rights 
holder, as well as drilling multiple wells from single pads. Once 
a pad is ready, drilling equipment is brought to the site and set 
up for operation. 

Drilling Activities

Activities in addition to drilling include tripping, coring, logging and well control. A 
number of diagnostic techniques are used while drilling the well, including gas sniffing, 
drill speed monitoring and drill cuttings sampling. All these reveal important informa-
tion either about rock type or the presence of gas. Tripping in and out involves drawing 
the drill string out of the well and re-inserting it, and is done for reasons which include 
bit replacement, cutting core, or running wire line logs over certain zones. Logging 
done both during drilling and when completing a well entails the use of a variety of 
geophysical tools, typically run on a wire line, to attain information about the rock and 
the presence of hydrocarbons. Due to the lower permeability in unconventional gas 
reservoirs, the importance of reducing formation damage during drilling is more critical 
than in high pressure conventional wells. 

Another important aspect of drilling is well control. Wells can be drilled either over- 
or under-balanced, and this will affect reservoir interaction as they intersect natural 
fractures or faults. A number of other dynamics can also affect hole stability. “Under-
balanced” drilling refers to wells where the hydrostatic pressure within the wellbore is 
less than the reservoir pressure. “Over-balanced” drilling is the opposite, where the hy-

drostatic pressure within the wellbore is greater than the reservoir pres-
sure. Both active monitoring and passive prevention programs are used 
to maintain well control in a variety of complicated drilling activities. 
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efforts to reduce 
pad sizes and 
footprint.

Active monitoring and 
passive prevention 
programs are used. 



26 Unconventional Gas Technology Roadmap

Completion Activities

Completing wells consists of testing, setting and ce-
menting of production casing, well stimulation, and in-
stallation of tubing and downhole production equipment. 
Unconventional wells are tested by measuring the for-
mation pressure to determine what type of stimulation is 
needed. The range of possibilities include simply washing 
and cleaning the wellbore to begin production or pump-
ing high-pressure gases, injecting a fracturing agent to 
increase near-wellbore permeability, and the possible in-
jection of proppants to keep fractures open. Due to the 
complex dynamics at play in these reservoirs, stimulation is 
an important part of unconventional gas production. Set-
ting and cementing the production casing, which generally 
takes place post-drilling, consists of running casing into 
the hole followed by circulating and cementing the casing 
within the wellbore. The tubing, which is much smaller in 
diameter, runs down the casing to the production zone(s).

Traditional drilling and completion activities are being 
improved and applied as tailor-made operations designed 
for unconventional gas. The type of drilling technology 
used depends on the type 
of resource play being de-
veloped, the location of the 
reservoir, and the type of well 
being drilled. These and oth-
er factors influence the de-
sign of the drilling program, 
including the choices made 
around rig selection, coring 
and logging programs, and 
the stimulation and comple-
tion techniques used. 

5.2 Continuous Improvement

Continuous improvement in the five key areas in Figure 
5.2 can contribute to drilling and completions technology 
and practices today, and as in the previous section, these 
advances generally result in cost reductions or improved 
performance. 

Drilling and Completions Programs

Before undertaking any drilling or completion activi-
ties, a number of well design decisions need to be made. 
To drill some of the new patterns proposed for unconven-
tional gas plays, such as pinnate and lateral sidetrack 
patterns (discussed below), a decision needs to be made 
regarding the use of directional or horizontal drilling. 
These “designer” drilling programs result in different costs 
and benefits, which should be fully considered in advance 
of the work. It is equally important to consider all the other 
aspects of a drilling program, such as logging, coring, 
stimulation and completions. Making such decisions may 
require the use of models or decision trees to help plan 
the drilling program, identify what techniques to use and 
indicate the stages at which decisions need to be made. 

A comprehensive listing of best practices related to 
drilling, coring and logging, stimulation, and completion 
for each of the unconventional gas plays would be use-
ful to operators. This could be captured as a web-based 
handbook of best practices, kept up-to-date to satisfy 
needs both today and into the future. 

In addition to best practices, it is useful to have a 
general sense, prior to breaking any ground, of what 
one might encounter when drilling. For this reason, some 
companies are working to develop programs that can be 
used to simulate the drilling experience before any drilling 
takes place. 

Drilling

Site preparation typically involves some excavation 
and trenching to make sure the site is safe and amena-
ble to well site operations. Often roadways, and in the 
case of gas hydrates, other infrastructure such as landing 
sites and ice roads, are needed to transport people and 
equipment to and from the site. A concerted effort is un-
derway to reduce the impacts of these activities and thus 
reduce the overall land footprint. Many of the drilling tech-
nologies discussed in this section will help minimize land  
disturbance. 

A number of years ago, the conventional oil and gas 
industry began using directional and horizontal drilling to 
achieve better success with the more complex wells be-
ing drilled at the time. Advances in directional and multi-
well drilling are very important for unconventional gas. A 
prominent challenge facing the industry is the tight and 
less permeable nature of most unconventional gas reser-
voirs which require reduced well spacing to optimize pro-
duction. This reduced well spacing will likely result in more 
wells, and therefore more surface impacts, into the foresee-
able future. Advances in directional and multi-well drilling 
are expected to change that picture. Directional drilling 
allows the alteration of the drill bit’s dip and orientation in 
order to maximize the production response by optimizing 
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the ability to cross-cut pay zones and by intersecting more 
fractures (or cleats in CBM wells). Multi-well drilling allows 
more than one borehole to be drilled from a single well by 

drilling multi-lateral wells under-
ground from the original surface 
wellbore. Directional and multi-
lateral drilling is an important 
development to all unconven-
tional gas plays, whether located 
in heavily populated regions like 
the WCSB or in environmentally 
sensitive places like the Arctic or 
foothills.

Directional and multi-lateral drilling is usually ex-
pensive. To compare numbers, a horizontal CBM well in 
Mannville can cost up to $2.5 million, whereas a single 
vertical well in the same area would be $500 thousand 
(Nickle’s, 2005b). However, the cost of horizontal drill-
ing in the extended deep basin 
(tight gas zones such as Cutbank 
Ridge) has been cut in half, from 
$4 million to $2 million (Mauger 
and Ziff, 2005). There is a high 
potential for further cost reduc-
tions, and industry is already 
increasing the use of horizon-
tal drilling. In addition, accu-
rate reservoir characterization 
(Section 4) may result in better 
fracture and cleat identification, 
which could be used to design 
drilling programs that optimize 
fracture and cleat exposure. 

Directional and lateral drilling enables the possible 
use of new drilling patterns. Some options include the use 
of parallel wells within thin and lateral pay zones or the 
use of pinnate patterns as depicted in Figure 5.3. The use 
of new patterns in U.S.-based unconventional gas plays 
has resulted in some projects being capable of draining 
1,200 acres of land from a single well pad (Doig and Tav-
ender, 2004). Another advantage is the rapid production 
response which is largely due to faster dewatering in some 
cases of CBM wells (Doig and Tavender, 2004). 

The stimulation of deviated and horizontal wells can 
be much more technically challenging and costly than for 
similar treatment in conventional wells. Further, R&D and 
technology transfer is needed to develop a clear under-
standing of the processes and resulting well performance. 

Another consideration when developing new patterns 
is well site or borehole placement. Natural fracturing in 
unconventional gas is often anisotropic in shape, and 
therefore, so is the drainage area. Experience with some 

tight gas plays has indicated that fractures are more pro-
nounced in one direction (whether vertical or horizontal). 
As a result, alterations to well placement in a traditional 
(vertical well) drilling program or to borehole placement 
in a multi-lateral program might impact the production re-
sponse. The use of rectangular shaped drainage patterns 
instead of square ones has had some success in the U.S. 
(Teufel, 2004). Of course, changing the drilling pattern 
implies a knowledge of the natural fracture systems, which 
again highlights the need for more work on resource- and 
reservoir-scale characterization and modelling as dis-
cussed in Section 4. 

Another technology being used for unconventional gas 
wells today is coil tubing (CT) drilling. The use of CT drill-
ing began in the 1930s. The industry grew in the 1970s 
as a result of new downhole motors, spooled pipe, and 
directional control technologies (Jacobs, 2003). Today, CT 
is fast becoming a new platform technology for oil and 
gas drilling activities, including for unconventional gas, in 
Canada and Alaska. 

CT drilling uses one continuous string of small-diam-
eter drill pipe wrapped around a drum or spool, which can 
be spooled out or back onto the reel as the drilling and 
tripping takes place. One of the key advantages of CT is 
fast trip times in and out of the wellbore, because there 
is no need to disconnect or reattach drill pipe when trip-
ping. As well, CT drilling rigs are small and light, typically 
require less site preparation, and leave a smaller foot-
print. Seamless CT technology is being developed today 
to improve durability, rate of 
penetration, and communica-
tions, and reduce erosion and 
loss of strength from drill pipe 
connectors. 

Improved 
fracture and cleat 
identification 
could be used 
to design drilling 
programs that 
optimize fracture 
and cleat 
exposure.
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Slim hole technology also has great potential for signif-
icant cost reductions and reduced environmental impact. 
Slim hole technology leads to smaller hole sizes, which 
translates into less waste and therefore cost reductions. 
The potential for waste reduction is immense because the 
volume of drilled rock increases by the hole diameter to 
the power of two as is evident in Figure 5.4. Slim hole 
technology drives the potential for cost reductions because 
a slimmer hole requires smaller drill bits, narrower produc-
tion tubing and less cement, which results in fewer materi-
als being used. 

Using the same argument, the potential for drill-
ing cost reductions using micro-hole technology is even 
greater. Micro-holes, which refer to well sizes ranging from 
1.25 to 2.375 inches in diameter, are seen as the means 
to enable the conversion of today’s “technically unrecov-
erable” unconventional gas into “economically recover-
able” reserves tomorrow (Gas Technology Institute, 2005; 
Jacobs, 2003). 

Another drilling option being tested today is reverse 
circulation drilling (RCD), a mature technology suite that 
has been used in hard rock drilling for years. In RCD 
the drilling fluids flow down the annulus and back to the 
surface through the inner pipe rather than around the 
drill stem (see Figure 5.5) (Doig and Tavender, 2004; 
Cox, 2004). 

This may result in better hole 
cleaning and reduced formation 
damage caused by the drilling 
mud (and cuttings) coming into 
contact with fragile production 
zones. This technology could al-
low for improved development of 
some under-pressured formations 
(McKay, 2003), but needs to be 
evaluated and redesigned some-
what for soft rock applications.

A suite of new advanced drilling fluids is being stud-
ied (including water, oil, and gas/air-based) to better un-
derstand how each fluid or gas can reduce the formation 
damage caused by drilling. It is likely there won’t be a sin-
gle technical solution; rather a number of options will be 
needed for the variety of unconventional gas wells being 
drilled. This will include better fluid design and selection 
criteria for vertical versus directional (or horizontal) wells, 
deep versus shallow wells, and wells drilled using CT, RCD 
and any other drilling technology. 

Developments in advanced drilling bits and bit retriev-
al technology are important for unconventional gas. In the 
case of CT drilling, the speed of bit retrieval is not an issue. 
However, rapid retrieval technology would be beneficial for 
conventional rigs (collapsible bit technology). Longer life 
bits that can withstand the extreme pressure and tempera-
ture conditions of deep zones will improve the economics 
of drilling in many areas. In addition, the use of specific 
drill bits on sensitive formations would result in reduced 
drilling damage to CBM and shale gas reservoirs.

Coring and Logging 

Coring and logging are areas where technological 
advances can be made. Improving low-invasion coring 
techniques that result in reduced core damage and im-
proved integrity, and allow subsequent unhindered gas 
production is a priority. CT or wire line technology that 
results in rapid core retrieval would enable quick labora-
tory analysis of the core before any significant change in 
core properties. The procedures for measuring irreducible 
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water saturation, wetability and capillary pressures, water 
sensitive component distribution, and the direct measure-
ment of permeability, porosity, and connate water satura-
tion from core would be a great benefit to the industry. 

Downhole camera and video systems are being used 
today for the direct viewing of physical reservoir character-

istics (Jerrom, 2004). This technol-
ogy is particularly useful for natural 
fracture and cleat analysis. When 
combined with data from other di-
agnostic techniques (such as logs), 
video can assist in understanding 
unconventional gas fracture sys-
tems. 

One of the most important ad-
vances for unconventional gas is the 
development of new logging tools 
designed specifically for these gas 

plays. Current logging tools are best suited for conven-
tional porous media, and entirely new tools are needed to 
provide the direct measurement of permeability, effective 
porosity, organic content, gas content (adsorbed or oth-
erwise), gas saturation, water saturation, clay mineralogy, 
pressure, temperature, bulk density and other physical, 
chemical and geomechanical properties. 

Tools are needed to distinguish reliably between water- 
and gas-bearing zones, and to quantify both the porosity 
and permeability of those zones. The ability to determine 
gas-in-place using logging tools, rather than relying on 
core, reduces operational costs (Jaremko, 2005). Ac-
curate permeability measurement tools capable of char-
acterizing natural fracture or cleat volume, length, and 
geometry (such as dip and azimuth) will help to identify 
pay zones. Tilt meters, micro seismic, and other borehole 
imaging devices (such as video) are being considered for 
fracture assessment (Walters, 2004). More extensive use 
of accurate fluid loss measurement (while drilling) will also 
lead to a better understanding of fracture systems. 

New logging tools for CBM and shale gas are needed 
to identify organic content and adsorbed gas. Magnetic 
resonance imaging (MRI) is being studied for its ability 
to distinguish between gas and water in CBM and shale 
gas reservoirs (Krivak, 2004). A better understanding of 
complex clay mineralogy is needed for shale gas. In addi-
tion, specific tools are needed for cleat permeability and 
porosity assessments in coal zones. 

The logging of gas hydrate zones may include the use 
of tools that measure heat flow, thermal conductivity, gas 
hydrate phase equilibria, and other unique geomechani-
cal properties (Dallimore and Collett, 2005). A production 
logging tool that provides data on the relationship between 
temperature and pressure would be very beneficial for gas 
hydrate development.

A number of advances also need to be made in be-
hind-pipe (or cased hole) logging tools to enable the use 
of existing wells for analyzing unconventional gas plays. 
Advances in the ability to re-log old wells could result in 
new information that leads to the identification of bypassed 
pay zones, which could be correlated across reservoirs us-
ing cross-well tomography.

An important outcome would be a suite of “all-in-
one” logging tools (both open hole and cased hole) de-
signed specifically for unconventional plays. This likely 
means one tool for CBM, another for tight gas, and yet 
others for shale gas and gas hydrates. Within each play 
there may also be a need for tailored responses to specif-
ic reservoir types. In tight gas, for example, one tool might 
be used for shallow, carbonate plays, and yet another for 
deep basin, clastic plays.

Stimulation

Figure 5.6 below illustrates how stimulation can help 
overcome the major challenge facing unconventional gas 
production – the tight, low permeability and unpredictable 
fracture patterns of these reservoirs. The right stimulation 
technique is very important for unconventional gas de-
velopment, and, in fact, one 
of the differentiating features 
between unconventional and 
conventional gas is the almost 
universal need to initiate pro-
duction through stimulation.
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Ultimately, specific fracture treatments are needed for 
each gas play using techniques that optimize fluid use, 
pump rates, pump schedules, proppant considerations 
and completion designs (Sharma et al, 2003). The tech-
niques need to be tailored to the drilling program, with 
options for vertical, deviated horizontal, slim hole, CT and 
RCD programs. 

Although fracture stimulation is already a relatively 
mature technology, the predictive accuracy is still very 
poor for unconventional gas, and more work is needed to 
improve fracture placement. An added issue is the protec-
tion of shallow aquifers during fracturing. A best practices 
manual based upon operators’ knowledge of specific res-
ervoir criteria (such as pressure and temperature, gas flow, 
permeability and porosity, and rock type) and the options 
available to them would help operators when selecting a 
fracture program. Decision-making models (such as deci-
sion trees) could be the basis for such a manual, which 
would then ease the decision-making process when con-
ducting the fracture job. 

A top priority is the development 
of cleaner and less damaging frac-
ture fluids, which minimize fluid and 
gas introduced to the reservoir. A va-
riety of fluid- and gas-based systems 
are being developed, including wa-
ter-based (gels and slick water) and 
gas-based solutions (such as nitro-

gen and CO2). The need for identification of compatible 
stimulation treatments for the variety of reservoirs being 
developed further highlights the lack of best practices. 

CO2 miscible hydrocarbon fracturing fluids have prov-
en to be a very effective gas well stimulation tool in North 
America. A key reason for their success has been that they 
circumvent phase trapping associated with aqueous fluids 
and achieve rapid fracturing fluid recovery through a meth-
ane-drive mechanism. The use of water-based fracturing 
fluids in low-permeability reservoirs may result in loss of 
effective frac half-length caused by phase-trapping effects, 
which are associated with the retention of a large portion 
of the introduced water-based fluid in the formation. 

Compatibility between stimulation fluids and reservoirs 
also impact borehole integrity, and less invasive fracture 
techniques are needed for sensitive pay zones like coal 
beds. Nitrogen or CO2 has been demonstrated to reduce 
borehole damage of this kind. However, an outstanding 
issue in CBM fracture jobs is the difficulty in producing 
fractures that cross-cut the face cleats. In fact, fracture 
jobs sometimes result in cleat closure. Wellbore stability is 
also a problem for gas hydrates, where gas dissociation in 
young sediments can cause significant slumping. 

Another important research area is proppant place-
ment during fracture jobs (Leshchyshyn, 2005). One is-
sue that needs to be addressed is proppant flow back 
over time. Some potential solutions to this issue include 
the use of surface modification agents such as resin-coat-
ings, the introduction of fibrous material to hold prop-
pant in place, and the use of deformable proppants that 
distort when the fracture closes 
(Oil and Gas Investor, 2005). 
There has been some success 
in reducing proppant packing 
by using slick water fracture 
jobs in tight gas formations in 
the U.S. (Sharma et al, 2005).

A problem with single-stage stimulation is that, when 
done over a large zone, it can result in overstimulation to 
some pay zones while starving others. Multi-zone stimu-
lation techniques would allow the operator to design tai-
lor-made treatments for each zone. Advances in CT frac 
tools are beneficial for multi-zone fracturing, because the 
ease of placement of the downhole packers allows for 
the fracturing of many zones in a short period of time 
(Nickle’s, 2004). Eventually, advanced CT technology 
will allow for stimulations at depths of 6,000 m, which 
means access to the tighter, less permeable, deep forma-
tions (Nickle’s, 2004). 

Multi-stage fracture treatments are another option, 
and in many cases (including stimulations performed in 
the Horseshoe Canyon) fracture cycling has been very suc-
cessful (Sharma et al, 2005; Nickle’s, 2005c). This finding 
has implications for other activities, such as the extension 
of the life of existing wells through re-stimulation (Oil and 
Gas Investor, 2005).

Being a distinctively different kind of resource, gas 
hydrates present some unique challenges to stimulation. 
A variety of stimulation techniques is being researched, 
including pressure, thermal, and chemical techniques 
(Hyndman and Dallimore, 2001; Dallimore and Collett, 
2005). In addition, appropriate methods need to be iden-
tified for both terrestrial and offshore deposits. The low 
pressure stimulation technique is used to reduce formation 
pressure (by dewatering the free gas zone), thereby chang-
ing the formation conditions so that they are outside the 
hydrate pressure and temperature stability curve. Alterna-
tively, increasing the formation temperature (using electri-
cal induction or other means) causes a similar instability 
to the pressure/temperature relationship, again resulting 
in gas dissociation. A third option is to introduce chemi-
cal agents, such as methanol, into the formation to cause 
dissociation. Appropriate use of cavitations can assist with 
these or other methods of stimulation, because it results in 
increased well exposure to natural fractures, thus improv-
ing the production response.
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5.3 Step-Out Technology Needs  
or Opportunities

This section highlights the areas where step-out tech-
nology is either currently under review, or is desirable to 
pursue. Drilling and completions are areas where signifi-
cant technological changes are expected through the out-
comes of programs like the United States Department of 
Energy’s (DOE) “Deep Trek” initiative. Figure 5.7 lists the 
step-out technologies discussed below. 

Micro-Technology 

The development of micro-technology will provide sig-
nificant contributions to unconventional gas development. 
This will include the development of new micro-drilling 
tools, diagnostic tools (such as logs and other tests), geo-
phones and fiber optic sensors, communications strings, 
and compact power sources. These will enable the devel-
opment of entirely different drilling and completions sys-
tems based on slim- or micro-hole technology (refer back 
to Figure 5.4) (Jacobs, 2003). However, wellbore diameter 
needs to be considered carefully, because while a smaller 
hole means lower drilling costs, it also means less well ex-
posure to fractures and permeable zones, and greater flow 
resistance at low operating pressures. Future development 
of new sensors based on nanotechnology will also con-
tribute to the development of micro-technology, but the 
advent of nanotechnology is further down the road. 

The U.S. DOE, through the Sandia National Labo-
ratory, is making significant contributions to micro-elec-
tromechanical systems (MEMs), which are micro-sized, 
low-power, electrical devices being developed for use in 
micro-sensors, logic circuits, initiators, and switches for 
telemetry (Jacobs, 2003). These are very rugged little de-
vices upon which a whole suite of real-time tools could 
be based. These systems are important for unconven-
tional gas plays, where real-time data would be of great 
use when controlling adjustable drilling tools and making 
changes “on the fly”. Micro-technology will also enable 
the development of smart wells, equipped with downhole 
sensors that can be used for data gathering and dissemi-
nation in real-time. These devices will need to be designed 
to withstand the high pressure and temperature conditions 
experienced in many unconventional gas wells. 

In addition to new stimulation methods, diagnostic 
tools are needed to acquire field data and assist in build-
ing improved 3-D fracture propagation models. Pre- and 
post-fracture data needs to be gathered, using logs and 
monitoring techniques, to better understand the original 
reservoir and its response to different fracture treatments. 
Thus, tools are needed to measure fracture volume, 
length and geometry. As already noted, tilt meters, mi-
cro-seismic, and downhole video are a few of the options 
for such diagnostic tools.

Completions 

When finalizing the drilling activity, the well needs to 
be properly cleaned and prepared for cementing. This in-
cludes optimizing the circulation rate and fluid properties 
to remove any unwanted mud, drilling fluids, fines, and any 
lost circulation materials, while at the same time avoiding 
washing out pay zones or reducing hole stability. Prior to 
cementing, the production casing is set and centralized to 
provide proper zonal isolation. While cementing, the pipe 
is often rotated or reciprocated to assist in distributing the 
cement to improve bonding.

Slotted production casing (instead of the traditional 
perforated holes) is having good results in CBM wells 
today, where a big issue has been coal or other fines 
plugging up the perforations. Another approach is orient-
ing perforations towards the maximum stress plane, thus 
optimizing exposure to reservoir fractures (Oil and Gas 
Investor, 2005).

Special cementing techniques are being developed for 
unconventional gas, and a variety of options are being 
studied today. New lightweight cements are being devel-

oped to improve flow, enable 
early compressive strength, 
and improve bonding ability 
(DeBruijn, 2004; Tahmour-
pour, 2004; Oil and Gas 
Investor, 2005). Different 
materials, such as fibers, are 

being added to cause the cement to seal when lost circu-
lation takes place. Foam cements, with lower hydrostatic 
pressure downhole, are also being studied for their use in 
deep wells, where high pressure and temperature regimes 
demand more from the product. 

Gas hydrate wells are typically located in young sedi-
ments, prone to slumping during production, and thus 
there is a need for new low-temperature cements for these 
sensitive areas. 

Much like the R&D effort going into developing small 
footprint drilling rigs, any effort to develop advanced ser-
vice rigs which can operate on smaller leases and offer 
faster trip times will be important to the industry. Service 
rigs are usually used for the stimulation and completion of 
wells some time after the well is drilled.
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Real-Time Communications

Downhole, real-time communications systems will en-
able entirely new capabilities across a wide spectrum of 
drilling, completions, and even production activities. This 
is one area of new technology being developed under the 
U.S. DOE’s “Deep Trek” program. Prototypes have already 
been developed that can operate at thousands of feet in 
depth (Rogers et al, 2003). The enabler is an innovative 
new coupler, embedded in the connections between sec-
tions of drill pipe, which allows for bi-directional commu-
nications and control to and from the bottom of the hole. 
Similar real-time telemetry would also be needed for CT 
drilling. Perhaps this is another area where seamless CT 
noted earlier would provide benefits. 

The advent of real-time communications will enable 
the use of real-time diagnostic tools when drilling, com-
pleting, and stimulating wells. This would allow the ac-
quisition of bottom-hole temperature, pressure and gas 
content readings in real-time. Slim hole drilling requires 
smaller diameter, lower cost “logging-while-drilling” tools, 
and directional tools that help with hole orientation. Real-
time gamma-ray or electromagnetic tools could be used 
as a predictive means to keep the drill bit in the sweet spot 
when drilling horizontally through narrow pay zones (such 
as thin coal seams). 

Real-time data would also assist in fracture stimulation 
treatment by providing flow rates, pressure and other char-
acteristics to the surface team to help optimize the fracture 
treatment (Nickle’s, 2005c). As well, the real-time use of 
tilt meters and video cameras may assist in identifying frac-
ture volume, length and geometry, while conducting the 
fracture treatment. 

A final need is for improved communication between 
remote production locations and head offices. Reliable 
(less intermittent) and rapid communications networks, ca-
pable of transmitting large amounts of data, would enable 
centralized access to real-time drilling, completions, and 
stimulation operations, and potentially allow for remote 
management of such programs. 

New Cutting Technology 

Laser technology, a novel option being considered 
and researched today, could potentially alter the way rocks 
are cut in the future. Lasers can be used for rock spalling 
(using pressure and temperature fluctuations to chip the 
rock), melting, or vaporization (Gahan, 2002). Today, test-
ing is underway to understand laser and rock interactions, 
and to determine how best to use lasers for drilling, cor-
ing, perforating and other cutting activities in sandstones, 
shales and coal (Gahan, 2002).

Laser drilling is still in the early R&D stages, and a 
number of considerations are influencing research pro-
grams. Significant effort is focused on specific laser cut-
ting systems – whether laser will be used as a single beam, 

or as a number of smaller beams, 
or whether hybrid combinations of 
lasers and drilling bits can be used. 
To a large degree this impacts the 
laser technology used, whether di-
ode lasers, free electron lasers, or 

other technological options are selected. Energy delivery 
is another question, and optical fibers are proposed for 
bringing the required energy (to run the laser) down the 
hole. The drill string and bottom-hole assemblies in laser 
systems will be very different from current applications, 
because laser-enabled drilling assemblies will have no 
need for compressive strength of the heavy drill collars 
in the drill string. Finally, new control systems for drilling 
fluids and solids will be needed for laser-enabled systems. 
If laser technology succeeds, it has the potential to be an 
enabling technology to an entirely new era in rock cutting 
equipment. 

Another consideration (already noted under real-time 
communications) is the advent of predictive technology to 
analyze and predict rock and reservoir characteristics (such 
as the occurrence of coal seams) just ahead of cutting the 
borehole. This type of predictive ability would allow for 
making drilling decisions as the well progresses, thus influ-
encing the ultimate ability to hit a target successfully. 

In Situ Production 

The development of in situ gas recovery technology 
could have as big an impact on unconventional gas as 
SAGD is having on oil sands development today. In situ 
technology may be particularly applicable to gas hydrates 
development because of the potential to use thermal or 
chemical techniques for gas dissociation (Dallimore, 
2003). Another option might be the use of natural gas 
downhole to produce power. In situ gas production evokes 
a paradigm shift in unconven-
tional gas development, and an 
entirely new suite of technologies 
will need to be developed. 

The development of mobile 
in situ equipment, which can be 
retrieved and moved from one 
well to the next as the reservoir 
is produced, would be extreme-
ly useful. 
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Enhanced Recovery 

Enhanced gas recovery using CO2 flooding, has the 
potential to both speed-up and increase methane recov-
ery in a variety of geological settings. CO2 flooding can 
be used to increase reservoir pressure, thus pushing more 
gas to the production well. As well, CO2 naturally ad-
sorbs on organic matter (such as coal), and this affinity is 
stronger than the adsorptive bond between methane and 
coal. Therefore, the potential to use CO2-enhanced gas 
recovery in CBM and shale gas reservoirs is considered 
to be very high. This concept may also offer the potential 
to use CO2 from available emission sources to enhance 
natural gas production while 
sequestering CO2. Three 
major projects in the San 
Juan Basin in the U.S. are 
already experimenting in 
large multi-well programs. 
In Canada, the Canadian 
Sequestration and Enhanced 
Coalbed Methane Project 
(CSEMP) is in the early stag-
es of development.

In addition, it may be possible to inject CO2 into gas 
hydrate formations, again with the intent of using the CO2 
selectively to replace the methane molecule in the clath-
rate structure of the hydrate (Hyndman and Dallimore, 
2001; Andersson et al, 2005). 

However, a great deal of science and basic research 
is still needed to understand the interactions between 
CO2, methane, and the physical and chemical properties 
of CBM, shale gas and gas hydrate reservoirs. Work is 
also required on the sweep efficiency of CO2 in any gas 
reservoir. 

Low Impact Arctic and Offshore

Consideration of issues in drilling and completion 
technology for gas hydrates also involves lift mecha-
nisms and surface infrastructure, which are discussed in  
Section 6. 

There are specific geotechnical hazards related to 
exploration and development in the offshore Arctic and 
permafrost regions. The most significant of these is re-
lated to either gas hydrate formation or destabilization. 
As mentioned in Section 3.2, these geotechnical hazards 
are not restricted to the envisaged production of uncon-
ventional gases alone, but they are a currently recognized 
and managed hazard to all oilfield operations in regions 
where gas hydrates can occur (Nimblett et al, 2005). The 
permafrost acts as a thermal buffer which suppresses and 
delays gas hydrate destabilization. It is therefore impor-
tant to protect the permafrost, and hence gas hydrate 
resources when operating in Arctic deepwater and land-
based environments. 

The role of gas hydrates in deep water environments 
has been well documented and is carefully managed and 
mitigated in deep sea settings (Nimblett et al, 2005). In 
some cases, these potential hazards are also mitigated by 
the methane undersaturation of gas hydrates, which acts 
against gas hydrate persistence in deep water settings. 

The engineering and opera-
tional hazards of gas hydrate de-
velopment in permafrost regions 
are similar to those related to per-
mafrost itself, as both are solids that 
can be destabilized by drilling and 
production operations. Successful 
strategies and materials for reducing 
and mitigating these hazards have 
been developed in association with 
extensive operations in permafrost 
regions, such as on the Alaskan North Slope. Among the 
most commonly practiced mitigation approaches is avoid-
ance through the use of geoscience tools that indicate the 
potential risk level of specific regions.

It is essential to reduce the impacts of Arctic drilling, 
off-shore drilling, and other seafloor activities if there is to 
be a serious effort to develop gas hydrates in places like 
Canada’s north or offshore B.C. 

Most of the technologies noted in this section will help 
in the development of low impact drilling options (both 
for onshore and offshore applications). CT, slim hole, 
micro-hole, and advanced stimulation and completions 
technology are all important to the development of these 
environmentally sensitive regions. Solutions are needed for 
drilling and completing wells in deep sea environments 
and in permafrost settings. A great deal of basic gas hy-
drate R&D is required prior to developing any new meth-
ods of resource extraction.

It is important for Canadian companies to follow 
the advances being made under initiatives like the U.S. 
DOE’s “Deep Trek” program, because one of the primary 
focuses of the program is technology for deep offshore 
drilling applications.
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6.
Lift and Surface Infrastructure

Lift and surface infrastructure required for unconventional gas is discussed in this 
section. Lift and surface infrastructure covers everything from getting gas to the surface 
to eventually getting it to market. In addition, handling co-produced liquids is an impor-
tant consideration. The impact of these practices on deliverability and ultimate recovery 
is significant. This section begins with a description of current lift and infrastructure tech-
nology, examines improvements to today’s practices and technologies, and concludes 
with opportunities for step-out technology to meet tomorrow’s needs. 

6.1 Lift and Surface Infrastructure Today

Once a well has been drilled, completed, and stimulated 
it is tested using one of a number of methods to measure the 
initial production response. This is followed by ongoing pro-
duction activities which include techniques to lift the liquids 
and gas to the surface, and to condition and prepare the gas 
for delivery into existing natural gas transportation systems. 
For review purposes, Figure 6.1 summarizes the division of the 
technology used today. 

Lift Mechanisms, Water and Waste Handling

A number of different pumping units are used to develop unconventional gas today. 
In the case of wet CBM wells, pumps are used first to de-water the reservoir, which 
causes the methane to desorb and flow to the surface. Tight sand and shale gas res-
ervoirs typically host less water, but can also contain light hydrocarbons that affect gas 
production. Different fluid management practices are required in these applications, in 
particular to handle low volumes of liquids. 

Currently, technology is meeting the CBM industry’s needs, as little water is pro-
duced in Alberta’s Horseshoe Canyon coals, which have been the focus of the earliest 
CBM development. Today, the predominant method of handling the small amount of 
produced water from CBM production in Canada is to separate it from the produced 
gas and inject it into selected zones for disposal.

However, for future reservoirs of differing and more complex 
character, such as wetter CBM formations like the Mannville and 
Ardley coals, effective management of produced water will become 
more critical. 

Venting and flaring is a challenge facing the conventional gas in-
dustry today, but this is an issue the industry is currently addressing by 
reducing both venting and flaring. Low pressure venting and flaring, 
currently used for testing and dewatering unconventional gas wells, is 
a significant challenge for the emerging industry to address. As flaring and venting con-
tinues to decline with the discovery of new practices for gas well testing and dewatering, 
it is likely to become a less important issue in the future. 

Gathering, Conditioning and Compression

The process of gathering, conditioning and compressing unconventional gas 
borrows heavily from the conventional industry, and current needs are met using off-
the-shelf technology and practices. However, current gathering and compression tech-
nologies are designed for the optimal movement of conventional gas. As Canadian 
production shifts from conventional to increased unconventional gas, a shift to low 
pressure gathering and transmission systems will be needed. Existing infrastructure and 
systems will be integrated into the new infrastructure as it is developed. This integration 
will occur as much as is economically and technically feasible.
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6.2 Continuous Improvement 

Continuous improvement options for lift and surface 
infrastructure are listed in Figure 6.2. In addition to the 
specific technology needs, a comprehensive manual of 
best practices related to lift and surface infrastructure 
would be a useful outcome for unconventional gas opera-
tors. A web-based handbook, linked to a decision tree, 
could include a listing of application-specific techniques 
and approaches for each unconventional gas play dis-
cussed. This handbook should be updated periodically to 
satisfy added or changing future needs.

Production Testing 

Testing is an important step in determining the pro-
ductive life of a gas well. A number of production testing 
techniques and practices have been developed for con-
ventional gas. However, the desire to reduce flaring during 
testing is a major challenge, especially for tight gas wells 
in remote areas. 

Spinner surveys are a simple way of measuring the 
production allocation from each pay zone in a commin-
gled well. However, traditional equipment is not sensitive 
enough to assess unconventional wells accurately, as they 
often have many producing zones that individually con-
tribute only a small amount to total production. Therefore, 
an important need is for ultra-sensitive spinner surveys (or 
perhaps entirely new techniques) that can be calibrated to 
detect low-rate gas production zones. 

Lift Mechanisms

New low rate lift mechanisms are needed for uncon-
ventional gas. This includes improvements to current meth-
ods, but also the development of entirely new approaches. 
Each type of reservoir has its own needs and requires a 
tailor-made approach for the lift and handling of methane 
and produced water. In general, higher capacity pumping 
units and other equipment (powered by reliable on-site en-
ergy sources, such as renew-
able/stored energy systems) 
are needed for use in remote 
or off-grid locations. 

Wet CBM reservoirs are a special case for new pump-
ing methods, as a large amount of water needs to be 
removed prior to gas production. In these wells, pumping 
units need to be optimized for the dual purposes of pro-
ducing very wet gas at the beginning of reservoir produc-
tion and progressively drier gas as the well continues to 
flow. Progressive cavity pumps are ideal for dewatering 
operations of this nature and this technology may well 
be suited for CBM or other wet gas applications (Leach, 
2002). However, improved low cost pump control sys-
tems, and downhole gas-liquid separators are needed to 
limit gas entry into the pump during dewatering. Another 
option is to use different pumps for different stages of well 
development. 

New techniques are also needed for the small volumes 
of water in many low-pressure tight sand and shale gas 
reservoirs. New techniques, including low pressure pumps 
and compressors, are needed to handle low pressure gas 
production in the presence of low liquid volumes. One ap-
proach to handling these issues is to develop new methods 
that separate the fluids and result in higher pressure pure 
gas that can be fed into existing infrastructure and systems. 
Another approach is to develop new low pressure gather-
ing and transportation systems built to optimally handle 
the low pressure tight and shale gas plays being explored 
today (this is also discussed later in this section). 

Pressure, temperature and chemical stimulations of 
gas hydrate deposits were discussed in Section 5, but 
these techniques rely on efficient liquid lift to aid the dis-
sociation and production of methane in these reservoirs. 
Experiments have demonstrated that pressure dissociation 
gets the best initial production response in deposits like 
Mallik, in Canada’s north. However, a combination pres-
sure/temperature technique may be better for longer-term 
gas recovery (Dallimore and Collett, 2005). Due to lim-
ited experience with any of these techniques, many unan-
swered questions remain and limited concrete conclusions 
can be drawn regarding long-term production responses 
and decline rates in gas hydrates production. 

Produced Water (liquids) Management 

As already noted in Section 3, the handling of pro-
duced water (and other fluids) is a particularly sensitive 
issue facing unconventional gas development. As a result, 
a number of options are being considered, ranging from 
simply separating and re-injecting the water to treating 
and transforming the water into a useful source for indus-
try or agriculture. 

Lift and Surface Infrastructure
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Certain techniques can be used to remove microbial 
contaminants, and they include chemical treatment and 
ultra-violet (UV). Other methods are used to remove total 
dissolved solids (TDS), metals, and elements or compounds 
in solution; these methods include reverse osmosis, ion ex-

change, and a variation of ion 
exchange called electrodialysis 
reversal. Often a combination 
of techniques is required to 
treat the produced water to an 
appropriate level for re-use. 

Chemical treatment, and 
in particular chlorination, has 
been used for primary water 
treatment for many years. This 

method relies on the fact that chlorine and water mol-
ecules interact to form a gas which then kills microbial 
forms (Rawn-Schatzinger et al, 2003). Chlorination has 
the added advantage of prolonged impact, because the 
chlorine remains in the water and continues to kill mi-
crobes. Other chemical treatment options include the use 
of iodine or silver, however, neither option is considered to 
be as safe as chlorination and both are more costly. Chlo-
rination systems are currently the most cost effective, safe, 
and proven reliable water treatment options, but they must 
be used in combination with other treatments to remove 
mineral constituents and particulate matter. 

UV light is absorbed by the cells of microbes, which 
prevents the cells from multiplying, eventually killing the 
organism (Rawn-Schatzinger et al, 2003). However, when 
using UV light, water needs to be pretreated to remove 
any minerals which would block the effect of UV light treat-
ment. It is expensive to remove microbes using UV light. 

The reverse osmosis (RO) process utilizes a semi-per-
meable membrane for water separation, with a cross-flow 
principle for continuous membrane cleaning (Rawn-
Schatzinger et al, 2003). This technique is used to remove 
total dissolved solids (TDS) and metals, but can also be 
used to remove microbes of a certain size. RO works best 
on pretreated water, which reduces membrane wear and 
energy use, thus prolonging the lifetime of the membrane 
and reducing operational costs. The resulting high quality 
water comes at a high price, considering the volume of 
water produced from unconventional gas. 

Ion exchange is a low-cost, low-energy-use alternative 
for removing ions (such as salts and heavy metals) (Rawn-
Schatzinger et al, 2003). Ion exchange also needs to be 
coupled with other treatments to eliminate microbes. Elec-
trodialysis reversal is a variation of ion exchange, which 

features two stacked membranes whose polarities are pe-
riodically reversed to maximize the use of both membranes 
in contaminant removal (Rawn-Schatzinger et al, 2003). 
The process is self cleaning and requires very little energy, 
but it does require a chemical pre-treatment to remove the 
microbes and organic matter prior to beginning.

Two other water treatment techniques proposed by 
Rawn-Schatzinger et al (2003) include freeze-thaw and 
evaporation (FTE) and the use of artificial wetlands. 

FTE involves reducing the temperature of produced 
water until pure water freezes leaving behind a concen-
trated solution of TDS and salt. The solution can then be 
collected, and the water evaporated, while the salts, met-
als, and other elements settle out. The pure ice is also col-
lected and melted, and the resulting water can be used for 
other applications. This technique works well in locations 
where climate enables economic and technical viability 
of handling large volumes of produced water in this way, 
and so far has been successfully tested in parts of Alaska, 
Wyoming, and Colorado (Rawn-Schatzinger et al, 2003). 
The method has also been tested to help concentrate fine 
tailings in oil sands mining operations. 

Artificial wetlands allow for the natural biodegradation 
of produced water in constructed wetlands (Rawn-Schatz-
inger et al, 2003), and is being tested in other applications 
with some success. These systems are low-cost and easy to 
build, but the process is slow and it requires the flooding of 
land. This flooding has the potential to alter habitat, which 
in turn can have negative impacts on wildlife and ecosys-
tems. Water saline content may also be an issue with this 
technique, which would have local impacts on plants and 
wildlife. The environmental footprint caused by using this 
option means that local buy-in is essential. Such wetlands 
have been constructed in towns and cities for municipal 
and industrial waste water treatment, but using them for 
produced water will face unique challenges. 

In addition to handling produced water, an issue that 
may arise in certain resource plays (mainly tight gas or 
shale gas) is the presence and production of condensates 
or other liquids. These liquids can affect the drilling opera-
tion itself, but also need to be handled correctly if co-pro-
duced with the gas. This is another 
area where technical solutions are 
needed to manage the production 
of unwanted fluids. 

Lift and Surface Infrastructure

A combination 
of techniques is 
required to treat the 
produced water to 
an appropriate level 
for reuse.

An issue that may 
arise with tight 
gas or shale gas 
is the presence 
and production 
of condensates or 
other liquids.



38 Unconventional Gas Technology Roadmap

Measurement and Monitoring 

New technology is needed to meet production report-
ing requirements (reporting of data such as pressure and 
temperature, gas flow, permeability and porosity, and rock 
type) in the complex, low-rate, commingled zones of un-
conventional reservoirs. Data is needed for the segregated 
pressures and volumes of each producing zone, and new 
flow meters or logs are required to show individual contri-
butions from both conventional and unconventional zones. 
A better understanding of these commingled zones is im-
portant for many reasons, including the need to manage 
the H2S which may exist in the conventional production 
zones of commingled reservoirs. Core and cuttings may 
be used to better understand the desorption characteristics 
of individual CBM and shale gas contributions in com-
mingled reservoirs. 

The development of more rigorous and continuous 
monitoring is an important need for unconventional gas 
because of reservoir complexity. Measurement and moni-
toring programs should be designed to occur intermittently 
using a variety of equipment, including both in situ moni-
toring devices and wire line techniques, to test and report 
to regulatory agencies as required. A number of control 
wells could be identified on a variety of scales (each de-
pending on the data being sought) to periodically test and 
report relevant information (EUB, 2005). 

Another area of improvement is the acquisition and 
understanding of relevant data for extending the life of 
a productive well and enhancing total gas recovery from 
unconventional gas. The development of shale gas and 
gas hydrates is in its very early stages in Canada, so the 
knowledge gained through experience will be important in 
improving industry’s ability to produce from these plays. 
More information still needs to be gathered on formerly 
overlooked pay zones, perhaps through the use of cased 
hole logging and other diagnostic technologies. More 
analysis is needed to understand premature production 
declines, and what factors might contribute to such phe-
nomena. Current drilling, stimulation, or production ac-
tivities such as pumping and dewatering may need to be 
changed to improve long-term reservoir production rates. 
As a result of better data, it may be realized that other 
remediation techniques, such as re-stimulation or inter-
mittent pumping, are needed to optimize production from 
unconventional gas wells. 

Surface Infrastructure 

Surface infrastructure requirements are operations-
specific and depend on the type of resource play. Re-
gardless, a common thread across all applications is the 
need for new technology to optimize the use of existing 
infrastructure and systems, thereby reducing the surface 
impacts due to new development. An important area for 
optimization is in the integrated management of pipelines 
(including flow lines) and compressor sites. The centraliza-
tion of such facilities, as much as is technically and eco-
nomically feasible, can achieve significant economies of 
scale. Where possible, the use of smaller and multi-use 
equipment will also help reduce the surface footprint. The 
elimination of competing or redundant infrastructure, and 
the use of existing sites and rights-of-way, all help reduce 
surface footprint. However, there is an important trade-
off between reducing inefficiencies and creating strategic 
redundancies to build both competitiveness and reliability 
into a delivery system. 

The cost of compression is a strong economic driv-
er that is resulting in the development of more efficient 
new systems, and the retrofit of older systems, to deal ef-
fectively with the low intake pressure of unconventional 
wells. Another stakeholder issue is the high noise level 
from compressors, especially in the high well density typi-
cal of unconventional gas development. One option to 
get around the need for local compression altogether is 
the development of an entirely new low-pressure gather-
ing and transmission system. This would entail a whole-
sale change to the way unconventional gas is produced 
and delivered today, and industry needs to decide whether 
such a systemic change is economically and technically 
desirable over the longer-term. Such new infrastructure 
would reduce upstream costs in unconventional gas de-
velopment, but would also require new infrastructure on 
the midstream and downstream sides of the business. It 
would also be important to take advantage of existing 
rights-of-way and building sites as much as possible to 
reduce surface footprint. 

Gas hydrates development depends entirely on new 
commercial transportation systems to get the methane to 
market. The lack of such infrastructure, whether in Arctic 
or offshore locations, is the single largest issue facing gas 
hydrates today. In the case of Canada’s Mallik deposit, 
the proposed Mackenzie Valley Pipeline (MVP) project may 

enable semi-commercial production 
from Mallik, which would provide the 
necessary conditions for longer-term 
production testing and the develop-
ment of technology and know how.

 

Gas hydrates 
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Geographical location and market access both play 
into the transportation options available for methane 
from gas hydrates. Each outcome has different technical 
needs related to compression facilities, LNG equipment, 
or other techniques. If proven feasible, transporting gas 
hydrates in a solid pellet form would entail deployment of 
yet another set of technologies (there is more discussion 
on this in Section 6.3). 

Regardless of the gathering and transmission system, 
integrated modelling of systems based on automated, and 
in some cases real-time, data is important for industry. This 
requires an effort to make available and populate the re-
quired data for such a system. This again highlights the 
need to identify appropriate measurement and monitoring 
requirements to effectively develop unconventional gas re-
sources of all types. 

6.3 Step-Out Technology Needs  
or Opportunities

The success of step-out technologies relies on early 
stage R&D, unlike continuous improvements discussed 
previously. Figure 6.3 lists the step-out technologies that 
will be discussed further. 

New Lift Mechanisms 

The issue of produced water continues to be a chal-
lenge to unconventional gas development. An alternative 
to capturing this water and either treating it or re-injecting 
it is to separate the water (pre-production) and inject it 
into lower, safe, and reliable disposal zones. The advan-
tage of this option is that it eliminates any issues related 
to the surface handling of produced water. Such options 
will require development and field demonstration prior 
to any large scale adoption by industry. Components of 
such a system (and likely areas of research) include: water 
separation equipment, compressors and pumping com-
ponents, deep injection infrastructure, and equipment 
for monitoring and measuring the injection and storage. 
Although many of the technology elements might exist, 
new micro components, real-time technology, and the re-
configuration of both existing and new technology will be 
needed for these new applications. 

In the gas hydrates field, new methods are being pro-
posed for methane dissociation, including hybrids of the 
pressure, temperature, and chemical options already noted 
under continuous improvement. The development of new 
chemical inhibitors might be needed for novel chemical 
dissociation techniques. These will obviously impact the 
means by which the gas is lifted, as well as the handling of 
co-produced water. 

Another lift option includes the physical extraction of 
hydrates from the seafloor, and recovery at surface in its 
solid form. The Japanese are leading the way in develop-
ing safe ways to transport solid gas hydrates in a pellet 
form, rather than conversion to LNG (Sanden et al, 2005). 
However, more studies are needed on the self stabilizing 
effect of gas hydrates to understand whether mining of 
seafloor deposits is technically feasible. 

Advanced Water Treatments

A number of water treatment technologies were dis-
cussed under continuous improvement, but other options 
are being studied for use in future applications. Capaci-
tive desalination and deionization is a new technology 
being developed for the 
desalination of water, and 
it holds great potential for 
high-volume water recov-
ery at lower energy levels 
(Rawn-Schatzinger et al, 
2003). In fact, it may be 
possible to reduce energy 
consumption (per unit of 
water treated) to 1/100 or 1/1000 of the level using con-
ventional methods, such as UV light or reverse osmosis. 
Today, capacitative desalination is costly and is only ca-
pable of handling water with a TDS count of 2,500 parts 
per million (ppm). However, plans are in place to make it 
effective for water with up to 15,000 ppm TDS. 

Distillation is not new, but a contemporary form of the 
technology is being proposed for future use. The process 
borrows from conventional distillation techniques but in-
cludes rapid spray systems to separate water from the salts 
(Rawn-Schatzinger et al, 2003). If successful, this technol-
ogy could be used to remove chemical, elemental and 
microbial contaminants. Testing to date indicates that 
treatment costs could be as little as one eighth of the cost 
of current options.

The generation of gas hydrates, using produced gas of 
any type, is another way of handling the produced water 
from a gas well. If the water and gas mixture flowing from 
a well could be transformed (using pressure and temper-
ature) into a stable gas hydrate, the process would also 
result in the dissolution of salts from the brine, and separa-
tion of the pure gas hydrate consisting of methane and wa-
ter molecules. The gas hydrate could then be transported 
to an end customer in its stable form and the methane dis-
sociated from the clathrate structure on site by the user. 

Lift and Surface Infrastructure
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New Downhole Components 

When evaluating any new components needed for 
downhole applications, it is worth reconsidering what 
needs to be brought to the surface. In the case of CBM 

and shale gas deposits it would be worth 
considering how to extract the gas and 
leave the water downhole. For gas hy-
drates, the process may involve leaving in 
place water and other constituents present 
in the clathrate deposits. Either way, elimi-
nating the need to lift unwanted products is 
a desirable outcome.

In any of these applications, new com-
ponents are needed to separate and com-

press the methane. New micro-components (noted in 
Section 5) may play an important role in such future op-
erations. In addition, there may be a need for entirely new 
techniques that either utilize the gas-in-place or another 
local energy source (such as the geothermal gradient) to 
assist in separation and lift processes. 

In situ monitoring techniques, enabled by continu-
ous, real-time data, would provide better flow rate and 
pressure data than is currently available. This could en-
able a better understanding of individual pay zones than 
is currently the case. Real-time measurement can help in 
understanding the effects of pressure between zones, com-
mingling effects, and the transmissibility of coal beds in 
CBM and shale gas reservoirs. Real-time, multi-point pres-
sure and temperature sensors, distributed along the casing 
using fiber optic power and data transmission, may allow 
for complex data acquisition from commingled zones. This 
could allow companies to match computing power with 
the complexity of the reservoir. Such data has the potential 
to help devise production and field development strate-
gies, and the placement of both producer and injector 
wells (Nickle’s, 2005a). 

Advanced Wellheads 

If gas hydrates are to be produced using wellbores 
in permafrost locations and deep marine environments, 
new wellheads and high integrity surface casing are both 
required. New solutions are needed for resources that 
haven’t experienced significant production in the past and 
which will be performing under an entirely new set of phys-
ical and chemical parameters. 

Integrated Modelling 

The integration and optimization of production model-
ling is an important need that will help in all aspects of un-
conventional gas development, from characterization and 
modelling to drilling and completions, to lift and surface 
infrastructure. Automated and real-time production sur-
veillance will allow for the flow of new and improved infor-
mation that is invaluable to reservoir engineers and other 
production specialists. Systems optimization is a second 
aspect of the new methods that are required for enabling 
the use of powerful new integrated modelling techniques. 
For large, complex, low pressure systems this will only be 
available when computing power and wireless capabilities 
are sufficient to enable the real-time and multi-point data 
gathering and analysis in models and other applications. 

Integrated models could be used to cover all aspects 
and activities related to gas production, from reservoir 
monitoring (through both bottom hole data and lateral 
well data), to multi-well observation, to the complete mon-
itoring of gathering, conditioning and delivery facilities. 

New Delivery Systems 

Industry and regulators will likely need to reconsider 
the options for gas delivery systems when looking at some 
of the geographic locations where new resource plays are 
being developed. This point is perhaps most acute when 
considering the longer-term development of gas hydrates. 

Although many proponents point to the need for a gas 
pipeline to access Canada’s northern gas hydrate depos-
its, others have indicated that the liquefaction or pelletiza-
tion of gas hydrates opens up other possibilities for getting 
the gas to market. Liquefied gas can be transported to gas 
hubs around the world using LNG ships, terminals, and 
other known technology. Alternatively, the methane can 
be turned into hydrate pellets, which can then be shipped 
around the world in a stable solid phase. According to 
Sanden (2005), this option is cheaper than LNG in some 
applications and much greater opportunities exist for cost 
reductions through technology development. 

As previously discussed in “New Lift Mechanisms”, 
gas hydrates may eventually be transported in pellet 
form, rather than via conversion to LNG. The process of 
turning methane into hydrate pellets is exothermic and 
once complete the pellets only need to be kept cool to 
remain stable. 

Lift and Surface Infrastructure
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7.
Integrated Sustainable Development

7.1 Introduction

In many instances, the challenges that face the 
industry have significant environmental implica-
tions, and it is essential that these be addressed 
with equal vigour to the base recovery technology 
requirements. Only then will society be convinced 
that the development of unconventional gas is 
sustainable, with benefits that outweigh managed 
risks. Environmental issues were comprehensively 
discussed during the development of this roadmap. 
The figure in Appendix 2 provides a detailed listing of the main environmentally-based 
challenges raised during the four industry-wide workshops held in October, 2005.

Section 3 summarized a number of these challenges. Sec-
tions 4 through 6 in this roadmap discussed the technology 
central to the location and development of unconventional 
gas resources. In many cases attention to environmental con-
cerns is a necessary part of the recovery-based technology 
and its future development. This section will not repeat the 
detailed discussion in Sections 4 through 6, but Figure 7.1 
is designed to direct those with specific interest in the envi-
ronmental technology areas to the specific subsections where 
they are covered. In some cases it is important to recognize 
that the term “technology” also embraces best practices. 

As noted in Figure 7.1 two challenges did not lend them-
selves to discussion in previous sections and are reviewed here. 

7.2 Methane Migration

Methane migration from gas-bearing zones to sensitive 
aquifers can occur with or without adjacent gas develop-
ment activities. Developments early in 2006 in Alberta have 
highlighted an important challenge to CBM stakeholders. The 
regulatory authorities and industry need to develop sustainable 
regulations and practices that satisfy the legitimate concerns of 

stakeholders most obviously affected by the development of unconventional gas. This 
needs to be coordinated with increased unconventional gas development to ensure 
long-term Canadian self-sufficiency in methane as a clean burning hydrocarbon fuel.

There is a need to generate a baseline of information before development begins, 
so that any impact from drilling and production operations can be identified. Technol-
ogy will need to be developed to minimize or eliminate any negative impacts. 

7.3 Shallow Fracture Containment

Shallow gas resources and their development bring underground drilling and stim-
ulation activities closer to the surface. In particular, care needs to be taken in stimula-
tion techniques to ensure no damage to above ground structures, as well as to fresh 
aquifers used for water supply. The EUB is currently investigating the safe depth above 
which there may be a moratorium on shallow gas drilling.

Only when environmental 
implications are addressed 
with vigour will society 
be convinced that 
the development of 
unconventional gas  
is sustainable.
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7.4 Sustainable Development Priorities

Among the extensive list of environmental technology 
and “best practice” challenges, some stand out as high-
priority needs. In particular, those which affect landown-
ers and adjacent stakeholders demand vigorous pursuit. 
Referring to Figure 7.1, this includes all visual aspects of 
surface infrastructure, reduced footprint, noise from com-
pression and all issues connected with water. 
Recent developments rank the control of any 
methane migration to well water as the high-
est priority for those affected. 

Three key areas of technology develop-
ment stand out. The first is increased drilling 
and stimulation practices which will return the 
industry to well spacing that matches the con-
ventional gas industry. The second is technology to address 
produced water cleanup and fresh water aquifer protec-
tion. The third is the adoption of practices which provide a 
more appealing visual image on the landscape. 

In addition to these high-priority needs, effective 
means must be found to dispose of waste drilling, com-
pletion and stimulation fluids.

Greenhouse gas emissions arise from three potential 
sources: fugitive methane emissions, power consumption 
for compression, and CO2 in the gas itself. The industry 
needs to obtain a better measure of these emissions and 
find ways to reduce them. One promising area is seques-
tration in CBM operations, taking advantage of the pref-
erential adsorption of CO2 and consequent releasing of 
the methane gas. 

Integrated Sustainable Development
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8.
Unconventional Gas – The Way Forward

As evidenced in this report, continued development of unconventional gas is essen-
tial to reversing the decline of conventional gas resources and production in Canada. 
Without the benefit of additional natural gas production from new Canadian sources, 
there will be a significant gap between Canada’s supply and its need for domestic and 
export markets. Canada currently provides approximately 25% of the total North Ameri-
can gas supply, and more than half of current Canadian production is exported to the 
U.S. Development of unconventional gas will fill the future gap between conventional 
sources and demand, maintain Canadian self-sufficiency in gas, and contribute to the 
security of the North American energy supply. To fulfill this vision, total gas production 
will need to rise to 7.5 Tcf/year by 2025, of which approximately 40% will come from 
unconventional gas. 

The importance of the natural gas industry to Canada and its contribution to North 
American energy supply cannot be overstated. The current level of natural gas pro-
duction (about 6 Tcf/year) is equivalent to approximately 3 million barrels per day of 
oil production. On an energy basis, this is approximately 3-4% of Canada’s current 
GDP. In addition, there are increasing linkages between the various forms of energy, 
especially the demand for natural gas to recover and upgrade oil sands bitumen and 
produce electric power. 

There is significant agreement within the Canadian natural gas industry that we 
are close to, if not at, the peak in conventional gas production, despite the added 
supply in recent years from the east coast and frontier regions. Total production of 
natural gas is projected to decline significantly over the next twenty years, and the 
broad consensus among independent agencies and stakeholders is for future reli-
ance on more unconventional gas. Unconventional gas R&D will assist in addressing 
declining natural gas supply from conventional sources, mitigating potential demand 
constraints and price volatility.

In terms of reserves, various government sources place remaining conventional gas 
ultimate potential at about 370 Tcf. This roadmap estimates gas-in-place from the four 
unconventional resources to be more than 4,000 Tcf. This is an impressive number, but 
has yet to be translated into a realistic ultimate potential. 

Other countries already tap excess gas production from major supply regions in the 
world by importing LNG. The U.S. projects LNG will supply about 25% of their demand 
by 2025. LNG is likely to become a substantial balancing source of natural gas supply 
for North America, and the supply costs associated with LNG will be one benchmark 
against which unconventional gas will compete. However, considerations such as secu-
rity of supply and a desire to keep existing natural gas infrastructure filled by domestic 
production makes LNG from foreign offshore sources less desirable for Canada. Ac-
cess to the existing infrastructure will give unconventional gas a competitive advantage 
that might overcome its higher production costs. 

Compared to the U.S., Canadian unconventional gas development is in its infancy. 
This is largely because of the U.S. industry’s response to special incentives applied to 
unconventional gas resources after U.S. conventional gas production peaked in the 
1980s. In addition, increasingly firmer gas prices are helping to alleviate the inherently 
higher cost of production for unconventional gas. Recently, CBM has dominated the 
headlines, but there has been renewed interest in tight gas and shale gas plays as well. 
It is therefore timely to encourage a broader understanding among all stakeholders of 
the true potential and impact of unconventional gas. 

Canadian industry faces the challenge of establishing the technology needed to find 
and develop unconventional gas resources in a timely fashion and to transform gas-in-
place to ultimate potential for economic development. The following summarizes this re-
port’s key recommendations for going forward with unconventional gas development.
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8.1 Sustainable Development

New technology needs and opportunities have been 
identified for the sustainable development of unconven-
tional gas. To achieve long term sustainable development, 
some of these technologies are a high priority. 

Among the most important challenges is the mitigation 
of risk to fresh aquifers. Safe management of water above 

and below ground, including 
control of methane migration, 
will be an essential concern as 
industry moves forward. Addi-
tionally, technologies (or simply 
good practices) that reduce the 
environmental footprint of un-
conventional gas development 
are important to pursue in ac-
cordance with standards set by 
regulators. 

Greenhouse gas emissions from the exploration and 
production of the natural gas industry arise from three 
potential sources: fugitive methane emissions, power 
consumption for compression, and CO2 in the gas itself. 
Industry needs to find a better measurement of these emis-
sions and improve methods of reduction. One promising 
area is sequestration of CO2 in CBM reservoirs, taking 
advantage of coal’s higher affinity for CO2, which conse-
quently releases the methane gas. 

Although CBM, tight gas and shale gas are being 
produced to some degree, improvements are still required 
for sustainable development. The longer-term natural gas 
supply mix will likely include gas hydrates as well, provided 
current experimental projects can be validated over the 
long term. 

Technology development and timely application hold 
the key to accelerated sustainable development of uncon-
ventional gas resources. 

8.2 Summary of Key Technology  
Development Needs

Sections 4 through 6 of this roadmap summarized the 
status of present recovery technology in reservoir charac-
terization and modelling, drilling and completions, and lift 
and surface infrastructure. These sections also discussed 
ways to improve current technology and needs and op-
portunities for new technology development. The follow-
ing summarizes the critical technology development that 
is required. 

Characterization and Modelling 

To date, characterization and mathematical modelling 
of unconventional gas has been based on conventional oil 
and gas techniques and practices. While these techniques 
and practices provide a solid foundation, new practices 
and technology are required to re-assess or identify any 
missed opportunities. 

Improvement to existing data evaluation, collection 
and sharing is an important next step. While many of the 
techniques are common to conventional resource plays, 
there is a large body of historical data that needs to be 
re-evaluated to determine any missed opportunities in un-
conventional gas zones (e.g., existing seismic data, rock 
cuttings, core samples, mud and geophysical logs). 

Increased knowledge of the geo-mechanical and 
geo-chemical characteristics of the resource rock, and 
improved reservoir modelling, is necessary for develop-
ing CBM, tight gas and shale gas. This will involve in-
cremental development of seismic techniques and the 
analysis of well cores and cut-
tings. The key objective is to en-
able detection and visualization 
of fractures, as identifying these 
is critical to the optimization of 
production. With this improved 
information, better reservoir 
models can be constructed that 
help define optimum develop-
ment strategies for drilling, stim-
ulation and completions.

Unique practices are required for gas hydrates because 
they are significantly different from the other three uncon-
ventional plays. In the U.S. there has been an emphasis on 
controlled laboratory systems to simulate both the genera-
tion and decomposition of hydrates and to mimic deep 
sea or arctic conditions. Unlike the other unconventional 
gas plays, the structure that holds gas hydrates in place is 
likely to be degraded during gas production, with signifi-
cant implications for the stability of surrounding geological 
structures. 

Two major objectives for long-term research of all 
unconventional gas plays will be identifying sweet spots 
and improving sub-surface operations through real-time 
monitoring.

Unconventional Gas – The Way Forward

New technology 
needs and 
opportunities have 
been identified for 
the sustainable 
development of 
unconventional gas.

Better reservoir 
models will help 
define optimum 
development 
strategies for 
drilling, stimulation 
and completions.
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Drilling and Completions Technology

Optimum application of directional horizontal and 
lateral drilling (or variations) is pivotal to developing fu-
ture drilling practices for CBM, tight gas and shale gas. 
Similarly, low-impact arctic drilling technology will need 
to be developed for gas hydrates. Improvements in drill-
ing techniques not only offer the promise of greater well 
productivity by intersecting more natural fractures, but also 
will inherently reduce the footprint associated with uncon-
ventional gas development. 

In the near term, new drilling technology, such as coil 
tubing, will be applied. In addition, greater application of 
underbalanced drilling, potentially in conjunction with re-
verse circulation drilling, is expected to reduce formation 
damage caused by the infiltration of drilling fluids into the 
reservoir rock. 

New cementing technology for well completion is un-
der development throughout the oil and gas industry. This 
technology will address the special need in the unconven-
tional gas industry for improved zone isolation and protec-
tion of fresh water aquifers. 

Coring and logging procedures that prevent forma-
tion damage and enable quick recovery of cores for lab 
analysis will assist with assessing and producing uncon-

ventional gas resources. Video 
observation of wells is an emerg-
ing practice in the industry and 
holds the promise of greater 
application and operational im-
provements.

Drilling and completions 
technology also includes the ap-
plication of stimulation technol-
ogy. This suite of technologies 
will vary considerably among, 
and even within, resource types. 
CBM, tight gas and shale gas 

involve reservoirs with low permeability and typically are 
dependent on stimulation methods that exploit and ex-
pand natural fractures. Different approaches are required 
for gas hydrates to break down clathrate structures. Adapt-
ing and refining stimulation technology for the unconven-
tional gas, often in conjunction with proppant use, is an 
ongoing challenge.

Looking ahead to entirely new technology opportuni-
ties, the advent of micro-technology in drilling and real-
time logging during drilling, and the use of laser cutting, 
will likely lead to major improvements in drilling practices. 

Lift and Surface Infrastructure

Lifting technology and surface facilities in uncon-
ventional gas development vary from that required for 
conventional gas. This is primarily because of the lower 
pressure of production in situ and at the wellhead, as well 
as above-ground well density. The need for above-ground 
compression is a key cost component for present uncon-
ventional gas recovery and delivery. 

Unconventional gas zones are often found under the 
same land as conventional gas resources. Consequently, 
there is a need for improved well testing and differentiation 
among contributions from the various geological forma-
tions. There is a similar requirement within conventional 
gas production.

Downhole lifting devices, essential in low-pressure res-
ervoirs, often need to handle co-produced fluids such as 
water. In situations where water exists, in CBM plays in 
particular, the water must first be drawn down at a large 
rate before appreciable gas can be produced. Therefore, 
downhole lifting devices need to be effective across a 
range of two-phase (and possibly three-phase) flow re-
gimes, varying as production proceeds.

As industry expands and a greater volume of water is 
co-produced, producers will need to treat and dispose of 
this water in an environmentally acceptable manner, which 
will increase operating costs. There is a range of known 
water treatment technologies that need to be adapted, 
improved, and developed to treat water more efficiently, 
thoroughly, and cost effectively.

Surface infrastructure, which consists of multiple gath-
ering lines and compressors, requires continued devel-
opment, in particular to address the associated issue of 
compressor noise. As mentioned in Section 8.2, adopting 
more horizontal or directional drilling will indirectly assist 
in developing solutions for these problems because there 
will be fewer drilling and production pads. 

Long-term research will address entirely new lift mech-
anisms, and even the possibility of sub-surface compres-
sion. In addition, new downhole devices may be designed 
to lift only the gas, separating out unwanted production 
fluids such as water within the wellbore 
and re-injecting these fluids in lower, ap-
propriate disposal zones.

As with other aspects of unconvention-
al gas development, gas hydrates present 
unique challenges. While current state-
of-the-art delivery and storage of natural 
gas depends on conventional technology 
such as LNG, research is underway to de-
termine if the gas hydrates themselves can 
be mined and maintained in their natural 
or modified state.

Unconventional Gas – The Way Forward
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8.3 Adoption of Best Practices

The complex relationship among geology, geophys-
ics, drilling and completion technology requires indus-
try to plan and undertake new projects that involve all 
disciplines. Drilling and completions, in particular, are 
closely related. 

While there is ample scope to develop new tech-
nology, it is also necessary to adapt and adopt existing 
knowledge and technology. Development of unconven-
tional gas resources is more advanced in the U.S., and 
investigating the history of failures and successes will 
benefit the Canadian industry and accelerate the adop-
tion of best practices. 

Future discussions regarding the unconventional gas 
industry must focus on protecting the environment to gain 
and maintain public support. While the long-term supply 
trend without unconventional gas is signalling a potential 
loss of Canadian self-sufficiency in gas, society will gen-
erally show greater concern for more immediate goals 
such as protecting the environment. To maintain a sense 
of shared goals within society, it 
is essential that industry develop 
and apply the necessary practices 
to ensure long-term sustainable 
development. CAPP, for example, 
is leading the creation of a best 
practices manual in sustainable 
development. There is an oppor-
tunity to develop a similar source 
of recovery-based best technol-
ogy practices.

8.4 Research, Development 
and Demonstration in Canada 

Research, development and field demonstration of 
technology related to unconventional gas development 
implies the full process from concept to commercial 
application, in line with the Scientific Research and Ex-
perimental Development (SR&ED) tax incentive program 
administered by the Canada Revenue Agency. 

In Canada, a number of universities are undertak-
ing research that is important to the unconventional gas 
industry. Several federal and provincial governments are 
also undertaking and funding research, often in conjunc-
tion with joint industry groups. 

The Unconventional Gas Supply (UGS) program with-
in the Climate Change Technology Innovation Initiative 
(CCTII) is a federal research funding program that started 
in 2003 and is scheduled for completion in 2008. The 
objective of the UGS program is to reduce technological 
and regulatory barriers and economic and environmental 
challenges in the production of natural gas from uncon-
ventional and frontier reservoirs. The UGS program has 
broken down research efforts into four theme areas: CBM, 
tight gas and shale gas, gas hydrates, and frontier natural 
gas. As of March 2006, the UGS program had provided 
over $3 million toward unconventional gas research, in-
cluding funding for this technology roadmap.

At the field stage, a number of 
companies are engaged in major 
pilots to explore and develop new 
knowledge and better operating pro-
cedures. Several service companies 
are providing assistance and have 
taken a leadership role in drilling, 
stimulation and production monitoring 
technology. While much of this work is 
confidential, it is a major contribution 
to advancing unconventional gas production. Investment 
in these field pilots is conservatively estimated to exceed 
$100 million annually at the present time. 

One of PTAC’s major initiatives is facilitating collabo-
ration to bring new technology concepts and industry to-
gether. PTAC organizes seminars and workshops devoted 
to specific industry concerns such as a recent workshop 
on shallow gas fracturing. 

EnergyINet was recently incorporated as a not-for-
profit organization. Its main focus is to catalyze innova-
tion, R&D and energy integration by creating networking 
opportunities for industry, governments and researchers. 
In 2003, AERI, along with several partners, engaged 
PTAC to investigate what was needed to enhance recovery 
from known conventional and unconventional resources. 
This initiative resulted in a publication entitled “Spudding 
Innovation – Accelerating Technology Deployment in 
Natural Gas and Conventional Oil” (PTAC, 2003). This 
document presented many recommendations and also 
identified the need for an unconventional gas technology 
roadmap. Collaborative Canadian R&D will support a 
long-term strategy to markedly increase the contribution 
to supplies from unconventional gas. 

Unconventional Gas – The Way Forward
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8.5 The Catalyst for New  
Technology Development

As previously mentioned, the relatively rapid and ex-
tensive development of the U.S. unconventional gas indus-
try was helped in large measure by the creation of a fiscal 
and regulatory system designed to stimulate the develop-
ment. A direct comparison in Canada can be found in 
the oil sands industry, where federal and provincial gov-
ernments put in place an effective royalty system for new 
projects. This initiative promoted much of the development 
in the oil sands industry, well before escalating oil prices 
consolidated the trend. For example, the Innovative Energy 
Technologies Program recently introduced by the Alberta 
government uses royalty rebates to target field experimen-
tation with new technology. 

Individual industry players funding their own research, 
especially high-cost field studies, are usually able to ac-
cess SR&ED tax credits. The SR&ED program administra-
tion is encouraged to review this report as a guide to areas 
of eligible research and development work. 

This roadmap proposes that the federal government 
and governments of provinces and territories with uncon-
ventional gas resources seek ways to encourage more 
rapid technological development in the industry and more 
complete extraction of the resource. It is important for 
governments to continue to create a proactive fiscal and 
regulatory regime to encourage R&D to further develop 
unconventional gas resources.

This roadmap recommends two important steps for 
funding and organizing government and industry joint 
R&D. The first step is for governments and their indepen-
dent agencies, and industry, along with key R&D providers 
to agree on a more formal approach to coordinate R&D 
and funding for pre competitive research and field demon-
stration in areas of common interest. It is the strong opinion 
of the technical steering group for this roadmap that the 
coordination of this approach should be based in Calgary 
because it is the main centre for the unconventional gas 
industry in Canada. Secondly, assured and stable funding 
needs to be established for unconventional gas research 
and field development. It is recognized that this funding 
must come jointly from industry and government and their 

independent agencies. There 
are precedents for raising 
investment funds in the U.S. 
and Canada that should be 
explored.

The main purpose of this 
roadmap has been to identify 
the opportunities and chal-
lenges for future develop-
ment of unconventional gas 

in Canada and the technologies needed to maximize that 
development. It has not been the intent to develop a de-
tailed technology plan. Subsequent to the release of this 
roadmap, attention will need to be devoted to a long-term 
R&D plan, which should:
█ Identify what is being done globally on unconven-

tional gas R&D and seek to collaborate or cooperate 
in this R&D to avoid duplication.

█ Undertake a gap analysis that will identify a unique 
opportunity for Canadian unconventional gas R&D.

█ Prioritize the technology challenges based on risk and 
potential impact.

█ Create an R&D funding strategy.
█ Create a sourcing strategy recognizing the strength of 

existing government and academic R&D infrastructure 
and expertise.

█ Leverage existing organizations to provide the leader-
ship and coordination role for shared and jointly 
funded R&D.

Unconventional Gas – The Way Forward
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8.6 Building Bridges between Technology, 
Industry and Other Stakeholders 

There are several organizations within the oil and gas 
industry that attempt to bridge the gap between technol-
ogy and business opportunities by integrating activities be-
tween organizations and industries, including organizing 
major conferences. At these events, participants can learn 
of the latest project developments on an international level. 
For example, CSUG has recently held conferences that in-
cluded a stakeholders’ day, which is a valuable initiative to 
involve members of the wider community most affected by 
unconventional gas developments. These sometimes con-
troversial presentations and discussions are important for 

the industry to gauge their progress 
in sustainable development and 
for stakeholders to be informed 
on technology development. The 
MAC was formed at the request of 
the ADOE in 2003 to determine if 
there are areas where existing rules 
and regulations can be improved 
to handle issues specific to CBM. 
The preliminary findings have been 
issued (ADOE, 2005) and are be-
ing reviewed.

8.7 Cooperation Between Stakeholders

Canadian self-sufficiency in natural gas over the long 
term can only be maintained by significant development 
of unconventional gas. This roadmap has identified the 
challenges and points to new technology development 
opportunities. 

Addressing environmental concerns must be placed 
on an equal footing with enhanced recovery. All stake-
holders in unconventional gas need to cooperate in help-
ing industry move forward while minimizing the impact on 
the environment. 

The ambitious vision set in this road-
map predicts that 40% of all Canadian 
production will come from unconventional 
sources by 2025, and will continue to rise 
beyond that time frame. This can only be 
achieved by an integrated strategy com-
prised of an appropriate fiscal and regu-
latory environment, sustained funding for 
advanced research, development, and 
demonstration, and the proactive deploy-
ment and application of technology. 

Unconventional Gas – The Way Forward

There are 
several industry 
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attempt to bridge 
the gap between 
technology 
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on the environment.
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Glossary of Acronyms
ACR ........... Alberta Chamber of Resources
ADOE  ....... Alberta Department of Energy 
AENV ......... Alberta Environment 
AERI  .......... Alberta Energy Research Institute 
EnergyINet .. Independent organization for promotion and funding  

of enabling technologies 
EIA ............. (U.S.) Energy Information agency 
EUB  .......... Alberta Energy Utilities Board 
Bcf ............. Billion Cubic Feet
CAPP ......... Canadian Association of Petroleum Producers 
CBG  ......... Coalbed Gas 
CBM  ......... Coalbed Methane 
CH4 ........... Methane
CO2 .......... Carbon Dioxide
COGEH  .... Canadian Oil and Gas Evaluation Handbook 
CSEMP  ...... Canadian Sequestration and Enhanced Coalbed Methane Project
CSG .......... Coal Seam Gas
CSUG ........ Canadian Society for Unconventional Gas
CT  ............ Coil Tubing
DOE  ......... United States Department of Energy 
FTE ............ Freeze-Thaw and Evaporation 
GRI ............ Gas Research Institute (U.S.)
GTI ............ Gas Technology Institute (U.S.) 
H2S ............ Hydrogen Sulphide
LNG  .......... Liquefied Natural Gas 
MAC  ......... CBM/NGC Multi-Stakeholder Advisory Committee
MEM .......... Micro-Electromechanical System 
MRI  ........... Magnetic Resonance Imaging 
MVP  .......... Mackenzie Valley Pipeline
NEB  .......... National Energy Board 
NGC  ......... Natural Gas from Coal 
NRC ........... National Research Council
NRCan  ...... Natural Resources Canada
ppm  .......... Parts Per Million
PTAC  ......... Petroleum Technology Alliance Canada 
R&D  .......... Research and Development
RCD  .......... Reverse Circulation Drilling 
RO  ............ Reverse Osmosis 
RPSEA ........ Research Partnership to Secure Energy for America (U.S.)
SAGD  ........ Steam Assisted Gravity Drainage 
Tcf .............. Trillion Cubic Feet
TDS  ........... Total Dissolved Solids 
UV  ............ Ultra-Violet
WCSB  ....... Western Canada Sedimentary Basin 
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Appendices 
Appendix 1

Assessment by Workshops of Recovery-Based 
Technology Gaps in Unconventional Gas Development

Four industry-wide workshops held in October 2005 were instrumental in gaining 
a comprehensive understanding of technology challenges and potential solutions for 
long-term unconventional natural gas development. The technology needs and op-
portunities in the key areas affecting enhanced future recovery of these resources have 
been reviewed in detail in Sections 4 through 6. Much of the assessment was based 
on the workshop output summarized in Figure A1.1. This provides a checklist for future 
technology development progress. As different groups were involved in the four work-
shops, complete consistency in clarifying the technology gaps cannot be assured. Rec-
ognition of fewer opportunities for shale gas and gas hydrates is likely, to some degree, 
a function of overall resource knowledge at this time.
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Appendices 
Appendix 2

Assessment by Workshops of Environmentally-Based 
Challenges in Unconventional Gas Development

Four industry-wide workshops held in October 2005 focused not only on the 
technology required for improved recovery, but also on environmentally-based chal-
lenges. Some of these may be addressed by technology. Section 4 addressed the 
environmental challenges broadly, and Section 7 summarized the location of other 
relevant text within the report.

In order to ensure no elements of environmental issues are lost, Figure A2.1 sum-
marizes all environmentally-driven topics raised during the workshops, and indicates 
which are relevant to the four unconventional gas resources. Those which may be 
addressed by new technology, either directly or indirectly, are identified in bold text. 
The list provides a check against addressing all these challenges as the industry moves 
forward. 
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