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SUPPLY TASK GROUP REPORT

PREFACE

Study Request

By letter dated March 13, 2002, Secretary of Energy
Spencer Abraham requested the National Petroleum
Council (NPC) to undertake a new study on natural
gas in the United States in the 21st Century.
Specifically, the Secretary stated:

Such a study should examine the potential impli-
cations of new supplies, new technologies, new
perceptions of risk, and other evolving market
conditions that may affect the potential for natu-
ral gas demand, supplies, and delivery through
2025. It should also provide insights on energy
market dynamics, including price volatility and
future fuel choice, and an outlook on the longer-
term sustainability of natural gas supplies. Of
particular interest is the Council’s advice on
actions that can be taken by industry and
Government to increase the productivity and effi-
ciency of North American natural gas markets
and to ensure adequate and reliable supplies of
energy for consumers.

In making his request, the Secretary made reference
to the 1992 and 1999 NPC natural gas studies, and
noted the considerable changes in natural gas markets
since 1999. These included “new concerns over
national security, a changed near-term outlook for the
economy, and turbulence in energy markets based on
perceived risk, price volatility, fuel-switching capabili-
ties, and the availability of other fuels.” Further, the
Secretary pointed to the projected growth in the
nation’s reliance on natural gas and noted that the
future availability of gas supplies could be affected by
“the availability of investment capital and infrastruc-
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ture, the pace of technology progress, access to the
Nation’s resource base, and new sources of supplies
from Alaska, Canada, liquefied natural gas imports,
and unconventional resources.” (Appendix A contains
the complete text of the Secretary’s request letter and a
description of the NPC.)

Study Organization

In response to the Secretary’s request, the Council
established a Committee on Natural Gas to undertake
a new study on this topic and to supervise the prepara-
tion of a draft report for the Council’s consideration.
The Council also established a Coordinating
Subcommittee and three Task Groups — on Demand,
Supply, and Transmission & Distribution — to assist the
Committee in conducting the study.

Bobby S. Shackouls, Chairman, President and
Chief Executive Officer, Burlington Resources Inc.,
chaired the Committee, and Robert G. Card, Under
Secretary of Energy, served as the Committee’s
Government Cochair. Robert B. Catell, Chairman
and Chief Executive Officer, KeySpan Corporation;
Lee R. Raymond, Chairman and Chief Executive
Officer, Exxon Mobil Corporation; and Richard D.
Kinder, Chairman and Chief Executive Officer,
Kinder Morgan Energy Partners, L.P,, served as the
Committee’s Vice Chairs of Demand, Supply, and
Transmission & Distribution, respectively. Jerry J.
Langdon, Executive Vice President and Chief
Administrative Officer, Reliant Resources, Inc.,
chaired the Coordinating Subcommittee, and Carl
Michael Smith, Assistant Secretary, Fossil Energy,
U.S. Department of Energy, served as Government
Cochair.



This volume of the report was prepared by the
Supply Task Group and its subgroups. Mark A. Sikkel,
Vice President, ExxonMobil Production Company,
chaired the Supply Task Group, and Elena S. Melchert,
Program Manager, Oil and Gas Production, Fossil
Energy, U.S. Department of Energy, served as
Government Cochair. The Supply Task Group was
assisted by five subgroups:

e Resource Subgroup

Technology Subgroup
¢ Environmental/Regulatory/Access Subgroup
LNG Subgroup

Arctic Subgroup.

The members of the various study groups were
drawn from the NPC members’ organizations as well
as from many other industries, non-governmental
organizations, and government organizations. These
study participants represented broad and diverse inter-
ests including large and small producers, transporters,
service providers, financers, regulators, local distribu-
tion companies, power generators, and industrial con-
sumers of natural gas. Appendix B contains rosters of
the study’s Committee, Coordinating Subcommittee,
and the Supply Task Group and its subgroups. In addi-
tion to the participants listed in Appendix B, many
more people were involved in the work of the study’s
other Task Groups and Subgroups as well as in regional
and sector-specific workshops in the United States and
Canada.

Study Approach

The study benefited from an unprecedented degree
of support, involvement, and commitment from the
gas industry. The breadth of support was based on
growing concerns about the adequacy of natural gas
supplies to meet the continuing strong demand for gas,
particularly in view of the role of gas as an environ-
mentally preferred fuel. The study addresses both the
short-term and long-term outlooks (through 2025) for
North America, defined in this study as consisting of
Canada, Mexico, and the United States. The reader
should recognize that this is a natural gas study, and
not a comprehensive analysis of all energy sources such
as oil, coal, nuclear, and renewables. However, this
study does address and make assumptions regarding
these competing energy sources in order to assess the
factors that may influence the future of natural gas use

in North America. The analytical portion of this study
was conducted over a 12-month period beginning in
August 2002 under the auspices of the Coordinating
Subcommittee and three primary Task Groups.

The Supply Task Group developed a basin-by-basin
supply picture, and analyzed potential new sources of
supply such as liquefied natural gas (LNG) and Arctic
gas. The Supply Task Group worked through five sub-
groups (Resource, Technology, Environmental/Regu-
latory/Access, LNG, and Arctic), with over 100 people
participating. These people were drawn from major
and independent producers, service companies, con-
sultants, and government agencies. These working
groups conducted 13 workshops across the United
States and Canada to assess the potential resources
available for exploration and development.
Workshops were also held to examine the potential
impact on gas production from advancing technology.
Particular emphasis was placed on the commercial
potential of the technical resource base and the knowl-
edge gained from analysis of North American produc-
tion performance history.

The Demand Task Group developed a comprehen-
sive sector-by-sector demand outlook. This analysis
was done by four subgroups (Power Generation,
Industrial Utilization, Residential and Commercial,
and Economics and Demographics). The task of each
group was to try to understand the economic and envi-
ronmental determinants of gas consumption and to
analyze how the various sectors might respond to dif-
ferent gas price regimes. The Demand Task Group was
composed of representatives from a broad cross-
section of the power industry as well as industrial con-
sumers from gas-intensive industries. It drew on
expertise from the power industry to develop a broad
understanding of the role of alternative sources for
generating electric power based on renewables,
nuclear, coal-fired, oil-fired, or hydroelectric generat-
ing technology. It also conducted an outreach program
to draw upon the expertise of power generators and
industrial consumers in both the United States and
Canada.

The Transmission & Distribution Task Group ana-
lyzed existing and potential new infrastructure. Their
analysis was based on the work of three subgroups
(Transmission, Distribution, and Storage). Industry
participants undertook an extensive review of existing
and planned infrastructure capacity in North America.
Their review emphasized, among other things, the
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need to maintain the current infrastructure and to
ensure its reliability. Participants in the Transmission
& Distribution Task Group included representatives
from U.S. and Canadian pipeline, storage, marketing,
and local distribution companies as well as from the
producing community, the Federal Energy Regulatory
Commission, and the Energy Information Adminis-
tration.

Separately, two other groups also provided guidance
on key issues that crossed the boundaries of the primary
task groups. An ad hoc financial team looked at capital
requirements and capital formation. Another team
examined the issue of increased gas price volatility.

Due to similarities between the Canadian and U.S.
economies and, especially, the highly interdependent
character of trade in natural gas, the evaluation of nat-
ural gas supply and demand in Canada and the United
States were completely integrated. The study included
Canadian participants, and many other participating
companies have operations in both the United States
and Canada. For Mexico, the evaluation of natural gas
supply and demand for the internal market was less
detailed, mainly due to time limitations. Instead, the
analysis focused on the net gas trade balances and their
impact on North American markets.

As in the 1992 and 1999 studies, econometric mod-
els of North American energy markets and other ana-
lytical tools were used to support the analyses.
Significant computer modeling and data support were
obtained from outside contractors; and an internal
NPC study modeling team was established to take
direct responsibility for some of the modeling work.
The Coordinating Subcommittee and its Task Groups
made all decisions on model input data and assump-
tions, directed or implemented appropriate modifica-
tions to model architecture, and reviewed all output.
Energy and Environmental Analysis, Inc. (EEA) of
Arlington, Virginia, supplied the principal energy mar-
ket models used in this study, and supplemental analy-
ses were conducted with models from Altos
Management of Los Altos, California.

The use of these models was designed to give quan-
tified estimates of potential outcomes of natural gas
demand, supply, price and investment over the study
time horizon, with a particular emphasis on illustrat-
ing the impacts of policy choices on natural gas mar-
kets. The results produced by the models are critically
dependent on many factors, including the structure
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and architecture of the models, the level of detail of
the markets portrayed in the models, the mathemati-
cal algorithms used, and the input assumptions speci-
fied by the NPC Study Task Groups. As such, the
results produced by the models and portrayed in the
NPC report should not be viewed as forecasts or as
precise point estimates of any future level of supply,
demand, or price. Rather, they should be used as indi-
cators of trends and ranges of likely outcomes stem-
ming from the particular assumptions made. In par-
ticular, the model results are indicative of the likely
directional impacts of pursuing particular public pol-
icy choices relative to North American natural gas
markets.

This study built on the knowledge gained and
processes developed in previous NPC studies,
enhanced those processes, created new analytical
approaches and tools, and identified opportunities for
improvement in future studies. Specific improvements
included the following elements developed by the
Supply Task Group:

o A detailed play-based approach to assessment of the
North American natural gas resource base, using
regional workshops to bring together industry
experts to update existing assessments. This was
used in two detailed descriptive models, one based
on 72 producing regions in the United States and
Canada, and the other based on 230 supply points in
the United States, Canada, and Mexico. Both mod-
els distinguished between conventional and noncon-
ventional gas and between proved reserves, reserve
growth, and undiscovered resource.

o Cost of supply curves, including discovery process
models, were used to determine the economically
optimal pace of development of North American
natural gas resources.

e An extensive analysis of recent production per-
formance history, which clearly identified basins
that are maturing and those where production
growth potential remains. This analysis helped
condition the forward-looking assumptions used in
the models.

e A model to assess the impact of permitting in areas
currently subject to conditions of approval.

o A first-ever detailed NPC view and analysis of LNG
and Arctic gas potential.



The Demand Task Group also achieved significant
improvements over previous study methods. These
improvements include the following:

o Regional power workshops and sector-specific indus-
trial workshops to obtain direct input on consuming
trends and the likely impact of changing gas prices.

¢ Ongoing detailed support from the power industry
for technology and cost factors associated with cur-
rent and future electric power generation.

e Development of a model of industrial demand
focusing on the most gas-intensive industries and
processes.

Study Report

Results of this 2003 NPC study are presented in a
multi-volume report as follows:

e Volume I, Summary of Findings and Recommen-
dations, provides insights on energy market dynam-
ics as well as advice on actions that can be taken by
industry and government to ensure adequate and
reliable supplies of energy for American consumers.
It includes an Executive Summary of the report and
an overview of the study’s analyses and recommen-
dations.

o Volume II, Integrated Report, contains discussions of
the results of the analyses conducted by the three
Task Groups: Demand, Supply, and Transmission &
Distribution. This volume provides further sup-
porting data and analyses for the findings and rec-
ommendations presented in Volume I. It addresses
the potential implications of new supplies, new tech-
nologies, new perceptions of risk, and other evolving
market conditions that may affect the potential for
natural gas demand, supplies, and delivery through
2025. It provides insights on energy market dynam-
ics, including price volatility and future fuel choice,
and an outlook on the longer-term sustainability of
natural gas supplies. It also expands on the study’s
recommended policy actions. This volume presents
an integrated outlook for natural gas demand, sup-
ply, and transmission in the United States, Canada,
and Mexico under two primary scenarios and a
number of sensitivity cases.

The demand analysis provides an understanding of
the economic and environmental determinants of

natural gas consumption to estimate how the indus-
trial, residential/commercial, and electric power sec-
tors may respond under different conditions. The
supply analysis develops basin-by-basin resource
and cost estimates, presents an analysis of recent
production performance, examines potential tech-
nology improvements, addresses resource access
issues, and examines potential supplies from tradi-
tional areas as well as potential new sources of sup-
ply such as liquefied natural gas and Arctic gas. The
transmission, distribution, and storage analysis pro-
vides an extensive review of existing and planned
infrastructure in North America emphasizing,
among other things, the need to maintain the cur-
rent infrastructure and to ensure its reliability.

Task Group Report Volumes and CD-ROMs include
the detailed data and analyses prepared by the
Demand, Supply, and Transmission & Distribution
Task Groups and their Subgroups, which formed the
basis for the development of Volumes I and II
Information on the study’s computer modeling
activities is also included. The Council believes that
these materials will be of interest to the readers of
the report and will help them better understand the
results. The members of the National Petroleum
Council were not asked to endorse or approve all of
the statements and conclusions contained in these
documents but, rather, to approve the publication of
these materials as part of the study process. These
documents are provided as follows:

— Volume 11, Demand Task Group Report, provides
in-depth discussions and analyses of economic
and demographic assumptions; consumption in
the industrial, residential, commercial, and elec-
tric power sectors; and uncertainties/sensitivities.

— Volume 1V, Supply Task Group Report, provides in-
depth discussions and analyses of resource assess-
ment, cost methodology, production perform-
ance, technology improvements, access issues, and
arctic developments.

— Volume V, Transmission & Distribution Task
Group and LNG Subgroup Reports, provides in-
depth discussions and analyses of LNG imports
and transmission, distribution, and storage
infrastructures. (While the LNG Subgroup
operated under the Supply Task Group, its report
is provided with that of the Transmission &
Distribution Task Group due to the interrela-
tionship of their infrastructures and issues.)
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— CD-ROMs are available as part of the documenta-
tion of the Task Group Reports. One CD contains
further input/output on a regional basis for the
study’s principal modeling activities. That CD
also contains digitized maps, which were used in
assessing the potential impact of conditions of
approval for access to key Rocky Mountain
resource areas. Another CD contains the input
data developed by the NPC for use in the study’s
supplemental modeling activities.

A form for ordering additional copies of the report
volumes can be downloaded from the NPC website,
http://www.npc.org. PDF versions of Volumes I
through V also can be viewed and downloaded from
the NPC website.

Retrospectives on 1999 Study

In requesting the current study, the Secretary noted
that natural gas markets had changed substantially
since the Council’s 1999 study. These changes were the
reasons why the 2003 study needed to be a compre-
hensive analysis of natural gas supply, demand, and
infrastructure issues. By way of background, the 1999
study was designed to test the capability of the supply
and delivery systems to meet the then-public forecasts
of an annual U.S. market demand of 30+ trillion cubic
feet early in this century. The approach taken in 1999
was to review the resource base estimates of the 1992
study and make any needed modifications based on
performance since the publication of that study. This
assessment of the natural gas industry’s ability to con-
vert the nation’s resource base into available supply
also included the first major analytical attempt to
quantify the effects of access restrictions in the United
States, and specifically the Rocky Mountain area.
Numerous government agencies used this work as a
starting point to attempt to inventory various restric-
tions to development. This access work has been fur-
ther expanded upon in the current study. Further dis-
cussions of the 1999 analyses are contained in the Task
Group reports.
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The 1999 report stated that growing future demands
could be met if government would address several crit-
ical factors. The report envisioned an impending ten-
sion between supply and demand that has since
become reality in spite of lower economic growth over
the intervening time period. On the demand side, gov-
ernment policy at all levels continues to encourage use
of natural gas. In particular, this has led to large
increases in natural gas-fired power generation capac-
ity. The 1999 study assumed 144 gigawatts of new
capacity through 2015, while the actual new capacity is
expected to exceed 200 gigawatts by 2005. On the sup-
ply side, limits on access to resources and other restric-
tive policies continue to discourage the development of
natural gas supplies. Examples of this are the 75%
reduction in the Minerals Management Service’s
Eastern Gulf Lease Sale 181 and the federal govern-
ment’s “buying back” of the Destin Dome leases off the
coast of Florida.

The maturity of the resource base in the traditional
supply basins in North America is another significant
consideration. In the four years leading up to the pub-
lication of this study, North America has experienced
two periods of sustained high natural gas prices.
Although the gas-directed rig count did increase sig-
nificantly between 1999 and 2001, the result was only
minor increases in production. Even more sobering is
the fact that the late 1990s was a time when weather
conditions were milder than normal, masking the
growing tension between supply and demand.

In looking forward, the Council believes that the
findings and recommendations of this study are amply
supported by the analyses conducted by the study
groups. Further, the Council wishes to emphasize the
significant challenges facing natural gas markets and to
stress the need for all market participants (consumers,
industry, and government) to work cooperatively to
develop the natural gas resources, infrastructure,
energy efficiency, and demand flexibility necessary to
sustain the nation’s economic growth and meet envi-
ronmental goals.



CHAPTER 1

INTRODUCTION

documentation of the methodologies employed

by the Supply Task Group to develop an out-
look for natural gas supplies and the corresponding
results of this outlook. This volume is organized with
chapters for each of the subgroups that operated under
the Supply Task Group as follows:

T he Supply Task Group Report provides detailed

Chapter 2 — Resource Assessment
Chapter 3 — Cost Methodology
Chapter 4 — Production Performance
Chapter 5 — Technology Improvements
Chapter 6 — Access Issues

Chapter 7 — Arctic Developments.

The LNG Subgroup also reported to the Supply Task
Group, but its report is contained in Volume V along
with the report of the Transmission & Distribution
Task Group.

In addition to the data contained in this report, a
CD-ROM is available that contains Excel spreadsheets
of the modeling output for all the cases developed by
the study team. Supply information for these cases
includes; annual production, reserves, and drilling
activities by producing regions; LNG import volumes
by location; cost of supply data by region; and techni-
cal resource by technology by region. Also included on
the CD-ROM are digitized maps of the Rocky
Mountain producing basins and the habitat assess-
ments that were conducted to evaluate the impact of
conditions of approval on resource access.

CHAPTER 1 - INTRODUCTION

Below is a summary of the study approach taken by
the Task Group and each of the subgroups conducting
the study.

In undertaking its analysis of natural gas supply, the
Supply Task Group considered the most important fac-
tors affecting the current supply situation and the long-
range outlook. This analysis included the following:

e A comprehensive review of the North American gas
resource base using the best publicly available data.
This assessment included a thorough review of both
conventional and nonconventional resources
(including tight gas, coal bed gas, and shale gas). In
order to gain a solid understanding of potentially
commercial recoverable resources, the review also
included a detailed assessment of drilling and devel-
opment costs, and the likely number and size of
future discoveries.

e A comprehensive review of the production perform-
ance history for the mature basins of North
America. This was needed in order to gain an
understanding of the future production decline rates
of existing reserves, the likely response to future
drilling, and the potential for growth in proved
reserves from revisions and extensions to existing

fields.

e An evaluation of the effect of the permitting process
and access restrictions on development of indige-
nous resources.

o An assessment of the effect that technology advances
might have on the cost and availability of gas
resources.
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e An assessment of the potential contribution from
major new supply sources, such as imported lique-
fied natural gas (LNG) and Arctic gas.

The Supply Task Group had five subgroups. The
Resource Subgroup was led by ExxonMobil,
Technology by ChevronTexaco, Environmental/Regu-
latory/Access by Burlington Resources, LNG by Shell,
and the Arctic Subgroup was led jointly by Exxon-
Mobil, ConocoPhillips, and BP. Given the breadth of
the resource work, the Resource Subgroup was further
subdivided into conventional and nonconventional
resource groups; the latter was led by Anadarko. The
members of the Supply Task Group oversaw the efforts
of all of the subgroups.

Based on advice of participants from prior NPC
studies, high priority was given to timely completion of
the resource and cost estimating work. The Resource
Subgroup set out to complete the resource review
before the end of 2002. They also concluded that the
most efficient way to access industry experts in key
North American geologic plays was to hold a series of
workshops across the country, inviting the contribu-
tion of as broad a group as possible. Industry work-
shops were held in New Orleans, Denver, Menlo Park,
Houston, Calgary, and Reston. In some cases, follow-
up workshops were held to reconfirm or modify assess-
ments in light of subsequent model projections of
resource development.

The Resource Subgroup further decided that pub-
licly available data from the U.S. Geological Survey, the
Minerals Management Service, and the Canadian Gas
Potential Committee were the best starting points for
an industry review of the resource base. Cooperation
by each of these organizations was outstanding. In
these workshops, each agency was asked to describe for
the group their detailed, play-by-play, resource assess-
ment. This discussion then generated debate and com-
ment from industry experts. In the course of this dis-
cussion, consensus emerged regarding any significant
modifications that the group felt appropriate for the
NPC study. The intent of this work was not to judge an
assessment as “right” or “wrong,” but rather to develop
a “best estimate” that industry could support for mod-
eling purposes. At the same time, key cost drivers,
access issues, and technology factors were discussed.
All of this information was carefully documented for
future use by the appropriate subgroups, with detailed
descriptions of the regional results contained in
Chapters 2 and 3.

The assessment of technically recoverable resource
and cost was an important part of the study, but just as
important was the assessment of future production
performance based upon an analysis of production
history. For each significant producing basin in the
United States and Canada, this analysis included the
initial production rates, decline rates, and expected
reserve recoveries from all gas wells drilled in the past
ten years. This information was essential for assessing
the production trends of proved reserves and the likely
effect of future drilling on the production outlook.

One reason for this interest in production perform-
ance was the much-questioned supply response to sig-
nificantly increased drilling for gas in 2000-2001.
These data were used to reconcile the supply response
to the drilling activity undertaken. Results of this work
are described in detail in Chapter 4.

The effects of technology on future supply develop-
ment can be significant. The Technology Subgroup
chose a workshop process similar to the Resource
Subgroup to assess how new technology might help
reduce costs and increase recoveries. Many areas of
technology were evaluated, including subsurface
imaging, drilling and development costs, completions,
coal bed gas, deepwater developments, and natural gas
hydrates. The projected effects of technology on
future gas recovery are significant and described in
Chapter 5.

Similarly, the ability to access resources is also a crit-
ical factor in determining the future contribution of
indigenous resources. The Environmental/Regu-
latory/Access Subgroup determined early on that their
evaluation of this issue needed to go beyond “stipula-
tions” contained in oil and gas leases, to the “conditions
of approval” that accompany the development of those
leases. A team of experts developed a model of how
those conditions impact gas drilling and development.
Those results are described in Chapter 6.

Finally, it was clear that a good assessment of the
potential contributions to supply of new, large, long
lead-time resources was needed. The LNG and Arctic
Subgroups undertook this task. Their work included a
comprehensive review of worldwide gas resource avail-
ability, an examination of resource development and
liquefaction capability together with an assessment of
shipping requirements, and regasification needs.
Similarly, the potential for major new pipelines to
bring Arctic gas to North American markets was

VOLUME IV - SUPPLY TASK GROUP REPORT



reviewed and assessed. These analyses represent the
first comprehensive work by the NPC on these new
sources. The Arctic Subgroup work is documented in
Chapter 7, while the LNG Subgroup Report is con-
tained in Volume V along with the Transmission &
Distribution Task Group Report.

CHAPTER 1 - INTRODUCTION

In the following chapters, the full reports of the
Supply Task Group subgroups are presented.
Additional details of the study results are also available
on the study CD-ROM. On overall summary of the
supply outlook can be found in Chapter 4 of Volume
I1, Integrated Report.
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CHAPTER 2

RESOURCE ASSESSMENT

I. Resource Assessment Qverview

This section describes the assessment of natural gas
resources in North America. The assessment of tech-
nical resource, together with cost and production per-
formance data were used as inputs by an economic
model to determine the size of the commercial
resource base and to derive an outlook for natural gas
production through 2025. Parts of this section have
been included in the supply section of the Integrated
Report, but are included again in the Task Group
Report to provide continuity.

Following this overview, Section II compares and
contrasts the 17 super-regions comprising North
America. Section III contains detailed descriptions of
the major assessment regions that aggregate into each
of the super-regions. Section IV describes the method-
ologies used in technical resource assessment. Finally,
Section V includes summary charts of technical
resources by country, super-region, and region.
Additional resource assessment data can be found in
the CD-ROM that the NPC is making available as part
of the study documentation.

A. The Assessment Process

The resource assessment was based on best practices
learned from prior NPC studies and from other simi-
lar studies. It was designed to utilize publicly available
data, to be play-based, and to provide a thorough
review by geoscientists and engineers. The resulting
assessment represents an industry consensus.

Many sources of public and commercial data were
used. For the United States, data from the Minerals
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Management Service (MMS) and United States
Geological Survey (USGS) comprised the baseline
data. For Canada, the Canadian Gas Potential
Committee (CGPC) assessment was primarily used.
For Mexico, a combination of IHS Energy Group (IHS)
and USGS data was used. Production performance
data and field sizes were derived from EIA, IHS, and
NRG Associates (Nehring). Cost data were derived
from the American Petroleum Institute (API) in the
United States and the Petroleum Services Association
of Canada (PSAC) in Canada.

Early on, best practice teams were organized to for-
mulate methodologies for reserve growth, new field
(undiscovered) assessment, cost, etc. Following that,
major workshops were held for the purpose of reach-
ing industry consensus on the various assessment
parameters for significant plays and basins.
Subsequently, a further series of workshops was held to
re-validate, or change, assessment parameters in
response to information learned from the models used
to develop long-term forecasts.

B. Definitions

In most cases, natural gas is a mixture of hydrocar-
bons (primarily methane) plus small amounts of non-
combustible gases. Natural gas may be produced in
association with oil, or it may come from nonassoci-
ated gas fields. Approximately 87% of North American
gas production is nonassociated.

All volumes referenced in this study are dry gas
remaining after liquefiable portions and non-hydro-
carbon gases have been removed as required by mar-
keting considerations.
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Technical resource is defined as that quantity of gas
recoverable with current technology without regard to
the economics of doing so. Economic, or commercial,
resource estimates are derived from economic models.

In this study, remaining technical resources include
proved reserves, growth, and undiscovered, or yet-to-
be-found, resources.

Proved reserves are defined as those reserves that
have a high confidence of being produced, and by
implication, they are already economic.

The estimated volume of gas that a field will ulti-
mately produce is known as the estimated ultimate
recovery (EUR). In this study, the EUR is equal to the
sum of those volumes that have been produced (cumu-
lative production) plus the remaining proved reserves.
Statistically, it can be shown that with the passage of
time successive field EUR estimates tend to grow due to
improved knowledge gained through operational
experience during the life of the field. Growth is the
estimated technical resource remaining in a field above
the current estimate of proved reserves.

Undiscovered resource is the total volume of natural
gas expected to be found in the future that is not due
to growth of existing fields. It assumes current tech-
nology and is not necessarily economic. Undiscovered
resource is sometimes termed new field or yet-to-find.

Technology advancement will tend to increase the
size of undiscovered resource depending upon the
model-based timing of exploration and development.
The assessments reported in this section are based
upon current technology and are independent of mod-
eling assumptions.

Undiscovered resource assessment is handled differ-
ently by each of the organizations providing the basis
for this study. The theory behind each methodology is
more fully described in Section IV. In general, the three
main data sources (USGS, MMS, and CGPC) use statis-
tical approaches whereby the total quantity of technical
resource is described by a probability distribution of
field (or pool) sizes. Discovered fields (or pools) are
used to anchor the distributions so that the remaining
undiscovered fields (or pools) may be quantified and
aggregated to yield the undiscovered resource.

Figure S2-1 shows the relative contributions of tech-
nical resource in North America. Of the 1969 TCF
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North America technical resource, 69% is undiscov-
ered. The remaining 31% is associated with known
fields in the proved and growth categories. In general,
the uncertainty in the undiscovered category is larger
than in the growth category, and the uncertainty in
“growth” is larger than in the proved category.

The undiscovered resource is split into two cate-
gories: conventional and nonconventional. Although
the distinction is not absolute, conventional resources
are located in discrete accumulations. They tend to
have better production performance characteristics
and they are amenable to traditional exploratory tech-
niques. Nonconventional resources, including coal bed
methane, shale gas and basin-centered gas, are typically
continuous accumulations that are much larger in area
than conventional discrete accumulations. They also
tend to have poorer production performance. Prior to
drilling, traditional exploratory techniques are rela-
tively inaccurate at predicting productivity in a non-
conventional accumulation.

Figure S2-2 shows the relative contribution of
conventional and nonconventional undiscovered
resource.

UNDISCOVERED
69%

* Growth includes 55 trillion cubic feet in discovered
non-proved fields.

Figure S2-1. North American
Technical Resource
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CONVENTIONAL
72%

Figure S2-2. North American
Undiscovered Resource

C. Assessment Granularity

The smallest unit used for assessment is the play
(Assessment Unit in updated USGS terminology). A
play has a coherent set of petroleum geology charac-
teristics. North America comprises over 700 plays.
For the purposes of the current NPC study and sup-
ply modeling, these plays have been aggregated into
72 regions. In their turn, the regions have been
aggregated into 17 super-regions as shown in Figure
S2-3.

Although comprised of many different plays, each
super-region displays its own set of distinguishing fea-
tures. For instance, the Rocky Mountain super-region
contains predominantly nonconventional gas resource
and has far more access restrictions than any other U.S.
lower-48 onshore area. Each super-region is described
in Section III.

D. Uncertainty Analysis

The undiscovered resource estimates for North
America and its larger subdivisions (e.g. U.S. lower-48,
or any of the super-regions) are aggregated from play
assessments. Nearly all of these play assessments are
described by probability distributions. The undiscov-
ered resource is defined as the statistical mean of each
distribution.

CHAPTER 2 - RESOURCE ASSESSMENT

In order to define a range of uncertainty around the
mean, this study has chosen to use a P10 value as the
high-side and a P90 value as the low-side. There is a
10% chance of the high-side value, or larger, actually
occurring. Similarly there is a 90% chance of the low-
side value, or larger, occurring.

Although it is statistically correct to sum the individ-
ual mean resource of many plays into a super-region’s
resource for example, it is not valid to simply sum the
P10 or P90 values. For example, it is almost impossible
that the high-sides in all 700 plays will occur.

To arrive at the correct resource distribution for an
aggregation of plays, the Monte Carlo method is gen-
erally used. After several statistical tests, it was
decided to use a high-side of 135% of the mean and
a low-side of 70% of the mean for the complete
North American aggregation. Although some sim-
plifying assumptions were made in defining this
uncertainty range, industry consensus agreed that it
was reasonable.

E. Technical Resources of the United States,
Canada, and Mexico

The proportion of North America’s proved,
growth, and undiscovered technical resources in each
country is shown in Figure S2-4. The United States
has 1451 TCF of technical gas resource, Canada has
397 TCE, and Mexico has 121 TCE. In each country,
undiscovered is the largest category of technical
resource, ranging from 58% in Mexico to 70% in the
United States. The remaining resource is split
approximately equally between proved and growth in
all three countries.

Figure S2-5 shows the volume of technical resource
in TCF for each of the 17 super-regions. The top
three super-regions in terms of volume are the Gulf of
Mexico (323 TCE), followed by Alaska with 303 TCF
and the Rockies with 284 TCE. Although these three
super-regions each contain a large technical resource
base, they are quite distinct in character. In the Gulf
of Mexico, a growing proportion of new production
will come from costlier, deeper water developments.
In the Rockies, a growing proportion of new produc-
tion will come from costlier nonconventional
resources. On the other hand, in Alaska most of the
resource is stranded due to the hostile Arctic environ-
ment and lack of a commercially viable export
pipeline.
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Figure S2-3. The 17 Super-Regions
A short description of the characteristics of each of 1. United States
the significant super-regions in the United States, The United States comprises 11 super-regions.
Canada, and Mexico follows. Current annual lower-48 production of around 19 TCF
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UNITED STATES: 1,451 TCF

PROVED
13%

GROWTH
17%

UNDISCOVERED
70%

CANADA: 397 TCF

PROVED
15%

GROWTH
17%

UNDISCOVERED

68%

MEXICO: 121 TCF

PROVED
23%

GROWTH
19%

UNDISCOVERED
58%

Sources: Energy Information Administration, Canadian
Association of Petroleum Producers, and Pemex.

Figure S2-4. Technical Resources of
United States, Canada, and Mexico
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satisfies 85% of U.S. demand. In 2025, lower-48 produc-
tion is projected to satisfy about 70% of U.S. demand.

Three of the super-regions provide just over 70% of
current U.S. gas production: the Gulf of Mexico, 27%;
the Gulf Coast Onshore, 25%; and the Rockies, 18%.
In terms of technical resource, the same three super-
regions contain 63% of the remaining 1451 TCE. Thus
the relative production contribution from the U.S.
super-regions will change through the study period.

a. Alaska

Alaska contains a very large undiscovered resource
(258 TCF), located both onshore and offshore. North
Alaska has a large discovered gas resource (40 TCF)
which is currently stranded due to lack of pipeline.
Development depends on the commercial viability of
constructing a pipeline to markets in Canada and the
U.S. lower-48 (Chapter 8). The remoteness and harsh
environment add significantly to exploration and
development cost. In addition, access to resource in
the ANWR and NPRA (Section III.A) is still a con-
tentious issue. The potentially large nonconventional
undiscovered resource has a large assessment uncer-
tainty mainly because there is a lack of data.

b. U.S. Pacific Offshore

This area has moderate undiscovered resource poten-
tial (22 TCF), but it is under a moratorium for new
leases. Some wells were drilled offshore in northern
California and Oregon in the 1960s with minor gas
shows but without commercial success. Southern
California has minor gas production associated with oil.

c. West Coast Onshore

Approximately half the total undiscovered resource
of 23 TCF is nonconventional. This occurs in the
north and is unlikely to be commercial during the
study period because of poor reservoir quality and a
thick volcanic overburden.

d. Great Basin

This large area has an extremely small potential
(3 TCF) owing to a combination of geological factors.
Most of this is concentrated in a small area in the east
(Paradox Basin). Recent exploration results in other
areas of the Great Basin have been disappointing.

e. Rockies

The total undiscovered potential here is very large
(209 TCF) and is 80% nonconventional. There are
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Figure S2-5. Super-Region Technical Resources (Trillion Cubic Feet)

significant access issues (Chapter 6) and, until 2002,
there was insufficient pipeline export capacity.
Nevertheless, production has grown and the Rockies
super-region is one of the few areas where indigenous
production is likely to continue growing. Discovery of

2-6

the world class San Juan coal bed methane play in the
1980s led to significant, although less prolific, coal bed
methane plays in other parts of the Rockies. Water
discharge and operational footprint issues are likely to
be future concerns. Advances in well completion tech-
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nology have improved the viability of nonconven-
tional tight gas and shale gas plays. Access and tech-
nology will determine how much of the technical
resource base becomes commercial.

f. West Texas/New Mexico

Total undiscovered potential is moderate (27 TCF),
because the main producing areas, such as the
Permian Basin, are mature. However, downspacing
and infill drilling provide some opportunities for field
growth. The super-region also contains the large non-
conventional Barnett Shale play in the Fort Worth
basin where the recent production ramp-up has been
driven by improvements in completion and stimula-
tion technology.

g. Midcontinent

Although it is an important area of current produc-
tion, this super-region contains only moderate undis-
covered resource (32 TCF), mostly (85%) conven-
tional. The Anadarko Basin has potential for further
deep conventional discoveries, and other basins have
small nonconventional potential.

h. Gulf Coast

The Gulf Coast is an important area of current pro-
duction with a large undiscovered potential (86 TCEF),
over 90% conventional. Although reasonably well
explored, the complex geology allows for the possibil-
ity of new trends, particularly deeper. Using improved
completion and “sweet spot” detection technology,
there is also the possibility of finding additional mod-
erately large nonconventional tight and coal bed
methane resources.

i. Gulf of Mexico

This is the most prolific producing super-region,
even though the mature, shelf plays in shallower water
are in rapid decline. Total undiscovered resource (244
TCF) is mainly in the deeper water plays where the
complex geology due to salt causes higher exploration
risk. Risk and deep drilling make this the highest cost
area for exploration and development in the U.S.
lower-48. The eastern Gulf of Mexico contains moder-
ate undiscovered potential, but access to that region is
restricted (Chapter 6).

j- U.S. Atlantic Offshore

Although this area has moderate undiscovered
resource (33 TCF), it is under a leasing moratorium.
There was exploration activity in the 1970s with no
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commercial discoveries, however the deeper water has
not been tested. There was a gas discovery offshore
New Jersey, but at the time it was not economic to
develop. Recent adjacent Canadian discoveries suggest
potential in the north of this super-region.

k. Eastern Interior

This area contains a very large, mainly nonconven-
tional, undiscovered resource (92 TCF). Almost three-
quarters of this potential is located in the Appalachian
Region. However, production has barely grown over
several decades. The main issues are low recoveries per
well and the disparate mineral ownership. Technology
improvement and a sustained higher price environ-
ment are projected to result in moderate production
growth in the Eastern Interior.

2. Canada

Canada comprises five super-regions. The current
annual production of 6 TCF more than satisfies inter-
nal demand. The surplus of about 3 TCF is exported
to the United States. The Western Canada Sedimentary
Basin contributes 97% of current production, but only
56% of Canada’s 398 TCF of technical resource.
As in the United States, the relative production contri-
bution of Canada’s five super-regions will change
through time.

a. Western Canada Sedimentary Basin (WCSB)

The WCSB is mature and its production has
plateaued. The remaining undiscovered conventional
resource (93 TCF) is located in increasingly smaller
average pool sizes. Nonconventional resources are not
as well assessed as in the United States and have a large
uncertainty range. Coal bed methane development is
immature compared with the Rockies. Unlike the
Rockies, access is a relatively minor issue.

b. Arctic Canada

A fairly large volume of stranded resources (25 TCF)
has been discovered onshore and offshore, although
much is remote. Approximately 30% of the stranded
gas will be developed as part of the Mackenzie Gas
Project (Chapter 7). Undiscovered resource is 46 TCF.
However, much of this will not be developed through
2025 because of remoteness and Arctic conditions.

c. Canada Atlantic

Like the Canadian Arctic, stranded resources (15
TCF) have been discovered, particularly off Labrador.
The undiscovered resource is also large (68 TCF). High
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cost and lack of pipelines will limit development of
much of this resource through 2025.

d. British Columbia (Onshore and Offshore)

Excluding that part of BC assessed in the WCSB,
there is moderate undiscovered potential (11 TCF) in
the inter-montane and the offshore/coastal basins.
Offshore access is restricted, although there is potential
that restrictions will be lifted.

e. Eastern Canada

This very large area has only small undiscovered con-
ventional and nonconventional resource (6 TCF).
There is some coal bed methane activity in Nova Scotia.

3. Mexico

For the purposes of this study, Mexico has been
defined as a single super-region. Current annual gas
production is 1.8 TCE. The annual shortfall of 8% of
demand is provided by exports from the United States.
Mexico has started an ambitious program to increase
its exploration and development of gas resources.

Mexico has a moderate technical resource (121
TCF), which is mainly non-associated in the north and
associated with the prolific oil production in the south.
Compared to adjacent U.S. areas, Mexico has been
more lightly explored, particularly offshore.

FE. Main Findings
1. Comparison with Assessment Baseline

The NPC’s technical resource assessment is some-
what lower than the assessment baseline (USGS, MMS,
CGPC, IHS). This is particularly so in the Rockies,
Gulf Coast onshore, and Eastern Interior super-regions
and is due to a combination of factors such as lower
well recoveries in several nonconventional plays and
smaller future field size assumptions for several con-
ventional plays.

2. Comparison with the 1999 NPC Study

The 2003 study has a lower technical resource assess-
ment than the 1999 study. The main variances occur in
the Gulf of Mexico, Rockies, and Canadian Arctic
super-regions. In addition, the commercial resource
base is lower, even at significantly higher prices than
the 1999 study. This is due to a combination of factors
including the lower technical resource base, poorer

production performance parameters, higher costs
associated with deeper drilling and an increase in the
estimation of access restricted areas.

3. Level of Confidence in the
Overall Assessment

Analysis of statistical uncertainty indicates that the
overall technical resource assessment could range
between 35% higher and 30% lower than forecast
within a high degree of confidence. This range per-
tains to the North American total and cannot be used
as the range for sub-units such as super-region, region,
or basin.

4. Quality of the Resource

As measured by averages of field size, recovery per
well, and economic return, North American resource
quality is declining. Traditional large producing
regions such as the Gulf of Mexico Shelf and the
Western Canada Sedimentary Basin, are largely
depleted of high quality resource, except in a few niche
areas.

Production declines from these regions will be
somewhat offset by production growth in nonconven-
tional resource regions. This will become most appar-
ent in the Rocky Mountain basins. However, noncon-
ventional resources generally yield lower well
recoveries than have been seen in the past with con-
ventional resources.

II. Super-Regions Compared

This section compares and contrasts the 17 super-
regions in terms of their resource characteristics that
determine the natural gas production outlook through
2025. Details of individual super-regions are provided
in Section III.

A. The 2003 NPC, 1999 NPC, and EIA Maps

Most of the data used in this study are associated
with geographic areas, or regions. The 2003 NPC
study, the1999 NPC study, and the EIA each use differ-
ent geographic divisions as described in the following
maps.

Figure S2-6 indicates the locations of the 17 North
America super-regions used in the current study. As
described in Section IV, the super-regions are each
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Figure S2-6. The 17 Super-Regions
comprised of a number of regions. These 72 regions Although similar in some respects to Figure S2-6,
are shown in Figure S2-7. For the onshore U.S. lower- the 26 regions used in the 1999 NPC study were more
48, the regions generally correspond to USGS province aligned with areas of production reporting. A different
boundaries. approach was used in the current study, whereby all
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Figure S2-7. The 72 Supply Regions

regional and super-regional assessments were aggrega- The 26 regions of the United States and Canada used in
tions of USGS, MMS, or CGPC play assessments. In the 1999 NPC study are shown in Figure S2-8.
addition, it was decided to introduce more granularity

in the 2003 study; consequently North America has The EIA is a major data source for the study, pro-
been divided into 72 regions for modeling purposes. viding such statistics as historical proved reserves,
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Figure $2-8. The 1999 NPC Regions

production, and drilling activity. Figure $2-9 shows
how the EIA divides the United States into regions.
Reserves and production are generally reported by
state, and in some cases the states are further subdi-
vided into reporting districts. For example, Texas

reports are broken into 10 Railroad Commission dis-
tricts.

In order to compare results from the 1999 NPC
study, and to obtain historical data from the EIA for

CHAPTER 2 - RESOURCE ASSESSMENT
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Figure S2-9. EIA Producing Regions

the current study’s regions, the different regions shown
in Figures S2-8 and S2-9 were apportioned into the 72
regions used in the current study.

B. Resource Comparisons

As described in Section IB, the technical resource
available for potential future production comprises
three categories (Proved, Growth, and Undiscovered).
The distribution of technical resource between North
American super-regions is shown in Figure S2-10. In
terms of technical resource, the top three super-
regions are the Gulf of Mexico (329 TCF), followed by
Alaska with 303 TCF, and the Rockies with 284 TCFE.
Although each of these three super-regions contains a
large technical resource base, their nature is quite dif-
ferent. In the Gulf of Mexico an increasingly larger
proportion of new production will come from costlier,
deeper water developments. In the Rockies, an
increasingly larger proportion of new production will
come from costlier nonconventional resources. While
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in Alaska, the hostile Arctic environment and lack of
export pipeline capacity leave most of the resource
currently stranded.

The following sections describe the distribution of
Proved, Growth, and Undiscovered among the North
American super-regions.

1. Proved

Figure S2-11 ranks the super-region by their proved
gas reserves. The Western Canada Sedimentary Basin
contains the most proved reserves (57 TCF), followed
by the Rockies (50 TCF), the Gulf Coast Onshore (38
TCF), and the Gulf of Mexico (29 TCF). Alaska’s
proved reserves of 9 TCF include 2 TCF from south
Alaska and 7 TCF from north Alaska that is fuel gas for
ongoing oil production operations. North Alaska has
an additional 33 TCF of discovered gas resource, which
is not categorized as proved reserves by EIA because of
the current lack of a pipeline to market.
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Figure S2-10. Super-Region Technical Resources (Trillion Cubic Feet)

2. Growth

As described in Section IV, the estimates of esti-
mated ultimate recovery (cumulative production +
proved reserves) in existing fields tend to increase over
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time. This future increase in estimated ultimate recov-
ery is known as growth. Figure S2-12 shows that 53%
of the 277 TCF of reserve growth will come from three
super-regions. The largest is the Gulf Coast Onshore
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Figure $2-11. Super-Regions
Ranked by Proved Reserves

(60 TCEF), followed by the Gulf of Mexico (55 TCF) and
the Midcontinent with 32 TCE.

3. Undiscovered

Figure S2-13 shows the super-regions ranked by
volume of undiscovered technical resource. This tech-
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Figure S2-12. Super-Regions Ranked
by Reserve Growth

nical resource is further split into conventional and
nonconventional. Alaska ranks highest with 258 TCE,
although 57 TCF of this is nonconventional. The Gulf
of Mexico ranks second with 244 TCEF, although it has
the largest conventional resource of all super-regions.
The Rockies ranks third with 209 TCF of undiscovered
resource, 173 TCF of which is nonconventional.
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Figure S2-14 shows each super-region’s relative con-
tribution of undiscovered conventional resource. The
Gulf of Mexico ranks first with 25%, followed by
Alaska (21%) and the Western Canada Sedimentary
Basin (9%). In contrast, Figure S2-15 shows the rela-
tive contribution of nonconventional undiscovered
resource. Only ten of the seventeen super-regions have
assessed nonconventional resource. In this case, the
Rockies ranks first with 44%, followed by the Eastern
Interior (20%), Alaska (15%), and the Western Canada
Sedimentary Basin (12%).

C. Comparisons with the 1999 Study

The main reasons for differences between the 1999
NPC study and the 2003 NPC study undiscovered
resource assessments are described in Section III.

Figure S2-16 compares 2003 and 1999 technical
resource for each super-region based on current tech-
nology. Most of the 2003 assessments are smaller.
Significant differences occur in both Arctic Canada
and West Texas, although the underlying reasons are
different. In Arctic Canada, the 2003 study concluded
that the detailed assessment of undiscovered resource
reported by the CGPC in 2001 was more realistic. In
West Texas, the lower 2003 resource is due to a combi-
nation of smaller undiscovered and smaller growth.
The 2003 study significantly reduced the number and
size of remaining undiscovered fields, and reduced
growth based on updated data and methodology.

Figure S2-17 compares 2003 and 1999 undiscovered
conventional based on current technology. The 2003
assessments are similar to 1999 except for 5 super-
regions where there has been a significant percentage
reduction. The Arctic Canada and West Texas vari-
ances have been described earlier. The large relative
reductions in conventional assessments of the Rockies,
Eastern Interior, and Eastern Canada are attributable
to updated USGS and CGPC assessments.

Figure S2-18 compares 2003 and 1999 undiscovered
nonconventional. Again the 2003 assessments are sim-
ilar to 1999 with 5 major exceptions. Four of these are
reductions in the Western Canada Sedimentary Basin,
Gulf Coast Onshore, West Texas, and Midcontinent.
These reductions are all due to updated information
and methodology. The Western Canada reduction is so
significant that a second workshop was held in Calgary
specifically to address this issue. The one significant
increase from 1999 to 2003 occurs in the West Coast
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Figure §2-18. NPC 1999 vs. NPC 2003 Undiscovered Nonconventional by Super-Region

onshore, where an unusual high risk, high cost sub-
volcanic play has been identified.

Figure S2-19 compares 2003 and 1999 growth
assessments. Generally the 2003 growth volumes are
significantly lower than in 1999. These differences are
mainly due to improved estimation methodology
(Section IV).

Figure S2-20 compares 2003 and 1999 proved
reserves by super-region. Proved reserves are reduced
annually by the volume of production and increased by
successful drilling of growth and new field (undiscov-
ered) opportunities. In addition there may be other
book-keeping positive or negative revisions not directly
related to production or drilling. In a growing basin,
proved reserve additions may outpace losses due to pro-
duction. In a mature basin, the opposite may happen.

D. Production Forecast Comparisons

Figure S2-21 shows historical and forecast produc-
tion for the 9 most significant super-regions. The Gulf
of Mexico, WCSB, and Gulf Coast onshore are cur-
rently the largest producing super-regions, each con-
tributing about 5 TCF/year. The Gulf of Mexico will
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continue to increase through 2010, but decline there-
after, although it will remain the largest producing
super-region throughout the study period. In contrast,
the onshore Gulf Coast has peaked and will decline
through 2025.

The Rockies production has more than doubled
since 1990 and will continue to grow to about 5
TCF/year in 2025. The Eastern Interior will also sub-
stantially increase its current production to nearly
2 TCF/year by 2025. Nonconventional resources char-
acterize both the Rockies and Eastern Interior.

Alaska production is currently about 0.5 TCF/year,
but will significantly ramp-up to over 2 TCF/year upon
completion of a major pipeline to markets.

E. Drilling Activity Comparisons

Figure S2-22 shows historical and projected future
number of gas wells drilled per year in the various
super-regions. WCSB has been the most active with
over 10,000 wells/year in recent years, most of which are
relatively shallow and low cost. The Rockies super-
region has nearly 6,000 wells/year in recent years drilled
in a number of different regions comprising shallow
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Figure S2-21. Production Forecast by Significant Super-Region

coal bed methane wells, basin-centered gas wells, and
conventional gas wells. The Eastern Interior is the next
most active super-region with most wells concentrated
in the Appalachian region, which is mostly nonconven-
tional fractured shale gas wells and coal bed methane
wells. The Gulf Coast onshore recently has over 2,600
gas wells/year, which are dominantly conventional gas
wells and are generally deeper than those from the pre-
vious regions. The Midcontinent recently has over 2,000
gas wells/year, which are mostly conventional gas wells
in the Anadarko Basin and a combination of conven-
tional gas wells and coal bed methane wells in the
Arkoma Basin and Cherokee Platform. West Texas, with
recently nearly 1,100 gas wells/year, has mostly conven-
tional gas wells in the Permian Basin and mostly non-
conventional fractured shale gas wells in the Fort Worth
Basin. The Gulf of Mexico’s recently nearly 400 gas
wells/year are all conventional gas wells.

F. Main Conclusions from
Super-Region Comparison

1. Of the total 1,969 TCF of North American technical
resource, 14% is proved, 17% is growth, and 69% is
undiscovered.
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2. Four super-regions (Gulf of Mexico, Rockies,
Western Canada Sedimentary Basin, and Alaska)
contribute 62% of North America’s undiscovered
resource.

3.In terms of nonconventional resource, 4 super-
regions (Rockies, Alaska, Gulf of Mexico, and
Western Canada Sedimentary Basin) contribute
90% of the undiscovered potential.

4. The current North American proved reserves total of
272 TCF will grow by 277 TCEF, or 102%. The Gulf
of Mexico, Gulf Coast Onshore, Western Canada
Sedimentary Basin, and Rockies contribute over
63% of proved plus growth, providing substantial
near-term production volumes.

5. Although North American production will increase
slightly by 2025, the relative contributions of the
super-regions will change significantly. Decline will
be most severe in the Gulf Coast Onshore, West
Texas, and the Western Canada Sedimentary Basin.
On the other hand, this will be compensated by pro-
duction increases in the Rockies, Fastern Interior,
Alaska, and Mexico.
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Figure S2-22. Gas Well Drilling History and Projection by Super-Region

III. Detailed Description of Plays and
Regions within Each Super-Region

Section III contains descriptions of the 17 super-
regions. Some descriptions are more detailed depend-
ing upon the significance of the super-region and the
level of discussions during the workshop process. Each
of the 17 sections contains index maps showing the
super-region boundary and the regions within the
super-region. Additional geological sub-divisions are
also shown where they helped the assessment process.
In order to provide context, production and drilling
history/outlook graphs are included.

The super-region descriptions in this section are
only designed to provide an overview of the USGS,
MMS, and CGPC assessments forming the basis of the
2003 NPC Study; references to these detailed sources
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are included. However, variances to the USGS, MMS,
and CGPC assessments are described in more detail.

A complete summary of cumulative production,
proved resources, growth to proved reserves, and
undiscovered gas can be found in Section V, “Technical
Resource Charts.” The three tables summarize these
data at the country, super-region, and region level.

A. Alaska Super-Region
1. Super-Region Summary

The USGS and MMS assessment of undiscovered
gas resources is the basis for the NPC assessment in
Alaska. The NPC concentrated on northern Alaska
for resource validation due to its large discovered and
undiscovered gas resource. This includes onshore
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north Alaska and offshore Beaufort/Chukchi Seas
(Figure S2-23). There is about 40 TCF of discovered
resource on the North Slope of Alaska that has not
been commercialized due to lack of a gas pipeline.
North Alaska undiscovered gas resource of 213 TCF is
about 83% of the total Alaska undiscovered gas
resource of 258 TCF (Table S2-1). North Alaska con-
ventional onshore is assessed at 72 TCE, North Alaska
offshore at 96 TCE, and North Alaska onshore coal
bed methane at 44 TCE Total Alaska technical
resource is 303.2 TCF and cumulative production has
been 10.8 TCE.

The remote location, high development costs and
land access issues have a large effect on gas economics
in Alaska. A gas pipeline from Prudhoe Bay Field to
the U.S. lower-48 states will require a significant
investment and take over 10 years to design, permit
and construct. Several seasonal operating restrictions
both onshore and offshore apply to north Alaska. The
primary gas market is in the U.S. lower-48 states, which
at over 3000 miles distance creates commercial and
logistical challenges.

The Reactive Path outlook assumes that an Alaska
natural gas pipeline will be built and start deliveries in

2013 (Figure S2-24). Current production of about 0.5
TCF/year will increase to about 2.1 TCF/year and the
current average of about 10 gas wells/year will increase
to about 50 wells/year by 2025.

The USGS and MMS assessed a large number of
plays in Alaska. The NPC combined these plays into
six super-plays based on geology, development cost,
technology factors and land access issues (Figure
§2-25). North Alaska onshore has three major land
ownership categories: National Petroleum Reserve
Alaska (NPRA), Alaska state lands, and Arctic National
Wildlife Refuge (ANWR). Both ANWR and portions
of NPRA are currently under a moratorium.

2. Alaska Assessment Description
a. Proved Reserves

There are 8.8 TCF of proved reserves in Alaska.
South Alaska (Cook Inlet area) has 1.9 TCF and North
Alaska has 6.9 TCF which is derived from the Energy
Information Administration state level reserves and
field level information from the state of Alaska. Of the
6.9 TCF of North Alaska reserves, Prudhoe Bay Field
accounts for approximately 4 TCFE. In North Alaska, in
addition to the 6.9 TCF of proved reserves there is an
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Figure S2-23. Alaska Regions
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USGS/MMS 1995-2002

Alaska Region (TCF)
Onshore North Alaska Conventional 85.0
Onshore North Alaska Coal Bed Methane Not assessed
Offshore Beaufort 41.9
Offshore Chukchi/Hope 65.2
Subtotal North Alaska 192.1
Offshore Bering 18.8
Offshore Cook Inlet 1.4
Offshore Gulf of Alaska 6.8
Onshore Central Alaska 2.4
Onshore South Alaska Conventional 1.9
Onshore South Alaska Coal Bed Methane Not assessed
Total Alaska 2234

NPC 2003
(TCF)
72.0
44.5
3.3
65.2

213.0
20.1
1.5
7.3
2.8
0.9
12.5
258.0

Table S2-1. Alaska Undiscovered Gas — Comparison of NPC and USGS/MMS
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Figure S2-24. Alaska Production and Drilling Forecast

CHAPTER 2 - RESOURCE ASSESSMENT

2-23



% el QAQ’_)

/ \

TRANS-ALASKA
PIPELINE SYSTEM
(TAPS)

TCF
1 ONSHORE FOLDBELT 32.5
ONSHORE COASTAL PLAIN 39.5

1 ONSHORE COALBED METHANE 44.5

3 NEARSHORE BEAUFORT SEA 9.1
4 OFFSHORE BEAUFORT SEA 22.2
CHUKCHI SEA FOLDBELT 9.4
6 CHUKCHI SEA OTHER 55.8

TOTAL 213.0

Figure §2-25. North Alaska Super-Plays

additional 33 TCF of discovered gas which can not be
classified as proved reserves in the Prudhoe Bay area,
Pt. Thomson Field, and offshore Chukchi Sea (Burger
Field).

b. Growth of Existing Fields

Most of the known fields in north Alaska are oil
fields with the associated gas being reinjected to
enhance liquids recovery until there is an economically
viable transportation system to the large gas markets.
Growth for Alaska is 22 TCF including discovered gas
in Prudhoe Bay and nearby fields (19.9 TCF), which
cannot yet be classified as proved reserves because of
lack of pipeline. The remaining growth of 2.1 TCF is
from fields in the Cook Inlet area of South Alaska.

c. Undiscovered Fields Background Studies

Assessments by the USGS were used as the basis for
the assessment of onshore Alaska. The USGS assessed all
of onshore Alaska with its 1995 U.S. national assessment
(http://energy.cr.usgs.gov/oilgas/noga/index.htm).
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In 1998 there was a reassessment of the 1002
area of the ANWR (coastal plain portion)
(http://energy.cr.usgs.gov/oilgas/noga/index.htm). In
2002 there was a reassessment of the NPRA
(http://wrgis.wr.usgs.gov/open-file/of02-207/).  These
three studies were used as the basis for determining the
undiscovered resource potential of onshore Alaska.

Assessments by the MMS updated in 2000 were used
as the basis for the assessment of offshore Alaska
(http://www.mms.gov/revaldiv/RedNatAssessment
Jhtm). A more detailed report for offshore Alaska
with play level analysis is documented at
http://www.mms.gov/alaska/re/reports/rereport.htm.

The NPC methodology was to assemble industry
and government Alaska experts and hold a three-day
workshop specifically for north Alaska (onshore north
Alaska and offshore Beaufort/Chukchi) to validate and
change, if necessary, the mean resource estimates for
key large plays. This workshop was held at the USGS
office in Menlo Park, California.
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d. Undiscovered Fields Results

The USGS/MMS assessed a total of 60 plays in north
Alaska. The NPC combined those plays into groups of
similar age and/or structural styles which are referred
to as super-plays. The 6 super-plays are: Onshore
Foldbelt, Onshore Coastal Plain, Nearshore Beaufort
Sea, Offshore Beaufort Sea, Chukchi Sea Foldbelt, and
Chukchi Sea Other (Figure S2-25).

The NPC reduced the USGS/MMS estimate of
undiscovered gas in north Alaska by 21 TCF: The
Onshore Foldbelt was reduced by 11 TCF, the
Nearshore Beaufort Sea was reduced by 4 TCF, and the
Offshore Beaufort Sea was reduced by 6 TCE. The
other super-plays were not changed.

The Onshore Foldbelt super-play was reduced
because the NPC experts questioned the USGS assess-
ment of 28 undiscovered gas fields with an average size
of 1 TCFE. It was noted that foldbelt gas fields in the
Canadian Beaufort Sea average about 700 BCF in size.
The largest known gas field in the Alaska onshore fold-
belt is Gubik Field with an estimated size of 600 BCE
Most other discoveries are significantly smaller. The
NPC consensus was 28 undiscovered gas fields with an
average size of 700 BCF for a total of 20 TCF of undis-
covered gas for the NPRA and adjoining Alaska state
lands. The ANWR portion of the foldbelt was assessed
by the NPC at 5 TCF of undiscovered gas due to reser-
voir risk as a result of deep burial of potential reservoir
rocks and subsequent uplift to current depths. This
results in a total assessment of 25 TCF for the foldbelt.

The NPC reduced the MMS Beaufort Sea assessment
by 10 TCE. The Nearshore Beaufort Sea was reduced
by 4 TCE. The major factor in this reduction was that
the NPC thought the future wildcat success rate should
be about 25% instead of the 40% the MMS used. The
offshore Beaufort Sea was reduced by 6 TCE. The rea-
son for the reduction was the same as for the nearshore
Beaufort Sea.

e. Alaska Coal Bed Methane Potential

Alaska has huge coal resources (5,500 billion short
tons) with the majority of these resources concentrated
in the North Slope onshore and the Cook Inlet area of
southern Alaska (Clough and others, 2000). A recent
assessment estimated 1037 TCF for coal bed gas-in-
place in Alaska of which about 78% is in the North
Slope and 22% in the Cook Inlet area (Clough and oth-
ers, 2000). The NPC has adopted a recoverable coal
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bed methane estimate of 57 TCF for Alaska (Potential
Gas Agency, 2002) and used the 78% and 22% factors
to assign 44 TCF technically recoverable gas to the
North Slope and 13 TCF to the Cook Inlet area, respec-
tively.

Coal bed methane development in Alaska is at a very
early stage. There is a coal bed methane drilling proj-
ect in the Cook Inlet area (Pioneer prospect) which is
in the evaluation stage. There is interest in coal bed
methane for rural communities in Alaska. The Alaska
Division of Geological and Geophysical Surveys (a
division of the Alaska Department of Natural
Resources) in cooperation with the USGS and the
Bureau of Land Management is evaluating this poten-
tial by focusing on three areas: Wainwright in the west-
ern North Slope, Fort Yukon in central Alaska and the
Chignik area on the Alaska peninsula. Large-scale
commercial development of coal bed methane in
Alaska faces numerous technical and economic obsta-
cles but is a potentially huge resource which is under
study at the present time.

3. References

Clough, J.G. and others, August 2000, Alaska
Methane Remains Untapped, AAPG Explorer.

Potential Gas Agency, 2002, A Comparison of
Estimates of Ultimately Recoverable Natural Gas in
the United States: Colorado School of Mines,
Potential Gas Agency, Gas Resource Studies 1, 27 p.

B. U.S. Offshore Pacific Super-Region
1. Super-Region Summary

The MMS assessment of gas resources provides the
basis for the NPC assessment of the Offshore Pacific
(Figure S2-26). The undiscovered gas resource is about
20.7 TCE. Most of the potential is offshore southern
California and is gas associated with oil fields. This
potential lies in water depths from 300 to over 4,200
feet. Total remaining technical resource is 22.3 TCF
and cumulative production has been 2.6 TCE.

Offshore Washington, Oregon and northern
California have had limited exploration (Figure S2-27).
There have been a total of 20 exploratory wells drilled
in these areas, mostly in the mid 1960s. The wells are
located in water depths of less than 600 feet. There
have been no gas or oil discoveries to date in these
areas, although some of the wells did have gas shows.
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Figure §2-26. Location of the U.S. Offshore Pacific Super-Region

The 52 MMS plays were combined into 3 super-
plays based on geology, cost, location, and access:
Offshore Oregon-Washington, Offshore Central
California, and Offshore Southern California (Table
§2-2).

The Reactive Path outlook is for a continued pro-
duction decline from the today’s level of about
40 BCF/year to around 20 BCF/year by 2025 (Figure
§2-28). An average of 1 gas well/year post-2010 would
be required to maintain the production outlook.

2. Offshore Pacific Assessment Description
a. Remaining Gas Reserves

There are 0.6 TCF of remaining proved gas reserves
in Offshore Southern California. There are no proved
reserves in the other areas of the offshore Pacific. In
addition, there are about 0.9 TCF of discovered non-
proved reserves in offshore southern California. These
are not yet developed due to regulatory issues. The
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most recent MMS reserve estimation for the off-
shore Pacific is at http://www.mms.gov/omm/pacific
/oftshore/ofr98rpt.htm.

b. Growth of Existing Fields

There are a total of 12 fields producing in the off-
shore Pacific which have produced a total of 2.6 TCF
to date. Growth is calculated only for producing
fields. The total growth in these fields is estimated to
be 1.0 TCE

c. Undiscovered Fields Background Studies

Assessments by the MMS updated in 2000 were used
as the basis for the assessment of offshore Pacific
(http://www.mms.gov/omm/pacific/offshore/na/pdfs
/MMS2001-014.pdf). A more detailed report for the
offshore Pacific with play level analysis is “1995
National Assessment of Oil and Gas Resources of the
Pacific Outer Continental Shelf,” OCS Report MMS
97-0019 (http://www.mms.gov/omm/pacific/offshore
/na/na950csreport.htm).
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The NPC did not hold an industry workshop on the
offshore Pacific but accepted the MMS assessment as
the basis for our estimate of undiscovered resources.

d. Undiscovered Fields Results

The MMS estimated that there is 18.7 TCF of undis-
covered gas resource in the offshore Pacific (fields larger
than 6 BCF for gas or 1 MMBO for oil fields). The NPC
accepted the MMS assessment without change.

C. West Coast Super-Region
1. Super-Region Summary

The West Coast super-region (Figure S2-29) covers
all or most of California, Oregon, and Washington
(Figure S2-30). California is a significant oil pro-
ducer in the United States. Total remaining technical
gas resource is 29.1 TCF and cumulative production is
31.9 TCE

The USGS 1995 resource assessment provides the
basis for NPC’s West Coast assessment. The NPC total
undiscovered gas is 23.3 TCFE. About half of this total is
in conventional plays in California and the other half is
in a nonconventional tight sandstone play in eastern
Oregon and Washington.

In the Reactive Path outlook, today’s production
level of about 300 BCF/year will increase to about 500
BCEF/year by 2020 (Figure $2-31). Drilling activity will
approximately triple from about 100 wells/year cur-
rently to about 300 wells/year.

2. West Coast Assessment Description

a. Remaining Gas Reserves

There are 2.7 TCF of remaining proved gas reserves
in the West Coast.

Offshore Pacific Super-Play

Offshore Southern California
Offshore Central California
Offshore Oregon-Washington
Total

MMS 2000

NPC 2003
(Includes Small Field Adjustment)
(TCF)
11.3
6.9
2.5
20.7

Table S2-2. Undiscovered Gas by Super-Play — Comparison of NPC and MMS
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b. Growth of Existing Fields

The West Coast has produced 31.9 TCF to date. The
total future growth in the conventional oil and gas
fields is estimated to be 3.2 TCE.

c. Undiscovered Fields Background Studies

Assessments by the USGS were used as the basis for
the assessment of the West Coast. The USGS did an
assessment of the entire onshore U.S. in 1995
(http://energy.cr.usgs.gov/oilgas /noga/index.htm).

The NPC conducted workshops for major undiscov-
ered gas regions. No workshop was held for this area
because of minimal activity since 1995. The USGS
1995 assessment was adopted without change for this
super-region.

d. Undiscovered Fields Results for the
West Coast Super-Region

The NPC accepted without change the USGS
assessment, resulting in an assessment of 23.3 TCF
of undiscovered potential including small fields.
Forty-five percent of this resource is in a noncon-
ventional tight sandstone play located in the
Columbia Basin of Eastern Oregon-Washington.
This gas underlies the Miocene Columbia River
Basalt which has a thickness of over 5,000 feet
(Johnson and others, 1997). The economic viability
of this play is uncertain. Con-ventional accumula-
tions account for fifty-two percent of the undiscov-
ered gas.

3. References

Johnson, S. Y. and others, 1997. Petroleum Geology
of the State of Washington. United States Geological
Survey Professional Paper 1582: 40 p.

D. Great Basin Super-Region

1. Super-Region Summary

The Great Basin super-region covers all or most of
Nevada, Idaho, Utah, and Arizona (Figure S2-32)
and has only minor hydrocarbon production and
undiscovered gas compared to other super-regions.
With the exception of the Paradox Basin, the basins
within the Great Basin super-region contain less
than 10,000 feet of sedimentary rocks (Baars and
others, 1988). This is generally insufficient to gener-
ate significant volumes of hydrocarbons, even if
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good quality source rocks are present. Total remain-
ing technical resource is 4.7 TCF and cumulative
production has been 1.4 TCF.

The USGS 1995 resource assessments are the basis
for the NPC’s Great Basin assessment. The NPC total
undiscovered gas is 3 TCE which is primarily in the
Paradox Basin of southeast Utah (Figure S2-33).

Figure S2-34 shows that historical Great Basin pro-
duction has been 30-40 BCF/year and 10-20 gas
wells/year have been drilled. The Reactive Path out-
look is for steadily increasing production and drilling
through 2025.

2. Great Basin Assessment Description
a. Remaining Gas Reserves

There is 1.0 TCF of remaining proved gas reserves in
the Great Basin.

b. Growth of Existing Fields

Most of the producing fields in the Great Basin are
located in the Paradox Basin with a few fields from
Nevada. These fields have produced a total of 1.4 TCF
to date. The total future growth in the conventional oil
and gas fields is estimated to be 1.0 TCFE.

c. Undiscovered Fields Background Studies

Assessments by the USGS were used as the basis for
the assessment of the Great Basin. The USGS did an
assessment of the entire onshore U.S. in 1995
(http://energy.cr.usgs.gov/oilgas/noga/index.htm).

The NPC conducted workshops for major undiscov-
ered gas regions. The Great Basin is a minor super-
region, so no workshop was conducted for this area.
The USGS 1995 assessment was adopted without
change for this super-region.

d. Undiscovered Fields Results for the
Great Basin Super-Region

The undiscovered gas in the Great Basin has been
assessed by 31 USGS-defined plays (Gautier and
others, 1996). Only one of the 31 plays is a noncon-
ventional play. The NPC 2003 accepted without
change the USGS 1995 assessment of 3.0 TCF for
this super-region. The Paradox Basin, located
mostly in southeast Utah, accounts for over 70% of
undiscovered gas within the Great Basin super-
region.
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Figure S2-32. Location of the Great Basin Super-Region

GREAT PARADOX

BASIN

Figure S2-33. Location of Paradox Basin Region
within the Great Basin Super-Region
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3. References

Baars, E L. and others, 1988. Basins of the Rocky
Mountain Region. p. 109-220. in L. L. Sloss (ed),
Sedimentary Cover - North American Craton. The
Geology of North America vol. D-2. Geological
Society America (Boulder, Colorado); 506 p.

E. Rockies Super-Region
1. Super-Region Summary

The Rockies super-region covers several western
states (Figure S2-35) and is made up of eleven NPC
regions: San Juan, Raton, Denver, Uinta-Piceance,
Southwest Wyoming, Wyoming Thrust, Wind River,
Big Horn, Powder River, Montana Thrust, and
Williston/Northern Great Plains (Figure S2-36). The
Rockies is an important gas producing super-region
and also one of the largest sources of undiscovered gas.
Total remaining technical resource is 284.1 TCF and
cumulative production has been 67.1 TCE.

The USGS 1995/2002 resource assessments are the
basis for the NPC’s Rockies assessment. The NPC total
undiscovered gas is 209 TCF which is 41 TCF lower
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Figure S2-34. Great Basin Production and Drilling Forecast
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Figure §2-35. Location of the Rockies Super-Region
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than the most recent USGS assessment (Table S2-3).
Most of the Rockies undiscovered gas (80%) is in
nonconventional plays such as coal bed methane and
tight gas.

Several nonconventional plays have been extensively
developed in recent years including coal bed methane
in the San Juan, Powder River, and Raton basins. Most
of the large potential volumes of tight gas in the
Southwest Wyoming, Uinta-Piceance, and San Juan
regions have yet to be economically developed at a
large scale.

The Rockies super-region has significant access
issues related to U.S. government land stipulations as
well as other government regulations. These issues will
impact future gas production rates in this super-
region.

In the Reactive Path outlook, today’s production of
around 3 TCF/year will climb to almost 5 TCF/year by
2020 (Figure S2-37). Drilling activity is expected to be
4,000 to 6,000 gas wells/year, which is a similar level to
the 2000-2001 peak.
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NPC Region

San Juan

Raton

Denver
Uinta-Piceance*
Southwest Wyoming*
Wyoming Thrust
Wind River

Big Horn

Powder River*
Montana Thrust*

Williston/Northern
Great Plains

Total
*USGS 2002 Assessments

USGS
1995/2002
(TCF)
50.6

1.8
S19
21.4
84.6
12.0
1.7
0.6
16.5
8.6
45.8

247.6

NPC
2003

(TCF)
30.1
2.0
8.1
30.8
87.0
12.0
2.0
0.4
21.7
8.3
11.1

208.9

Table S2-3. Rockies Regions Undiscovered Gas —
Comparison of NPC and USGS
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2. Rockies Exploration History

Gas exploration in the Rockies played a secondary
role to oil exploration from the first oil discovery until
the late 1970s. Gas associated with early oil production
was often vented or locally used. In 1862, the first oil
was discovered by a well drilled near a live oil seep in
Canon City, Colorado on the west side of the Denver
Basin. During the late 1800s several other oil field dis-
coveries near oil seeps were also made in several Rocky
Mountain Basins.

In the early 1900s to the 1930s many very large oil
and gas fields were discovered in the Big Horn Basin,
Wind River Basin, Powder River Basin, Piceance Basin,
and in the Northern Great Plains of Montana prima-
rily by drilling of surface anticlines. Oil was still the
primary objective for exploration but natural gas
started to play a modest role in local areas. In 1924 gas
was discovered at Baxter Basin Field, in Southwest
Wyoming. A pipeline from this field to Salt Lake City,
Utah was built to market the gas.

During the 1940 and 1950s seismic was used to tar-
get subsurface anticlines, structural noses, and fault
traps. Oil exploration still dominated but many new
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fields had significant volumes of associated gas that
was used locally.

Exploration from 1950-1970s saw the discovery and
development of numerous stratigraphic traps in addi-
tion to seismically defined anticlinal structures. In the
early 1950’s a gas pipeline was built from the San Juan
Basin to California by El Paso Natural Gas. The demand
from the California market resulted in a marked
increase in gas well development drilling in the strati-
graphic traps of the San Juan Basin. Hundreds of devel-
opment wells were drilled in the central basin. Similarly,
in 1956 a gas pipeline was built from Southwest
Wyoming to the Pacific Northwest. This pipeline pro-
vided an outlet for gas discovered on the La Barge
Platform in the Green River Basin, Wyoming. From the
late 1950s to the mid 1960s gas fields were being discov-
ered in the Piceance and Uinta Basins, but full develop-
ment of these fields did not occur until the 1990s due to
low prices, remote locations, and pipeline constraints.

In the late 1970s and into the 1990s gas exploration
was driven by higher gas prices, more pipelines and
improved technology in well completions and seismic.
During this period many previously discovered gas
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fields were being developed in the Green River Basin,
Denver Basin, San Juan Basin, Northern Great Plains of
Montana, Piceance Basin, and Uinta Basin. Prior to the
1980s Rockies gas production experienced constraints
on sales due to limited pipeline capacity, remote geo-
graphic location of many gas fields, rough topography,
and long distances to markets. However by the early
1980s more gas pipelines were being built to move gas
to eastern and western markets.

The late 1980s and 1990s saw the emergence of coal
bed methane (CBM) as a viable source of gas in the
Rockies. The San Juan Basin was the first major CBM
province and much of this early activity was stimulated
by Federal tax credits. By the mid 1990s, however, it
became apparent that other CBM plays could be eco-
nomic without the expired tax credits. Several CBM
plays emerged in the Uinta, Raton, and Powder River
Basins, in addition to the continued development of
the prolific San Juan Basin. Tight gas sand develop-
ment in the Green River, Wind River, Piceance, Uinta,
and Denver Basins has now emerged as the next major
development phase in the Rockies.

3. Rockies Assessment Description
a. Remaining Gas Reserves

There are 49.7 TCF of remaining proved gas reserves
in the Rockies.

b. Growth of Existing Fields

The Rockies have produced a total of 67.1 TCF to
date. The total future growth in the conventional oil and
gas fields is estimated to be 25.5 TCF. Nonconventional
plays as assessed do not have future growth.

c. Undiscovered Fields Background Studies

Assessments by the USGS were used as the basis for
NPC’s assessment of the Rockies. The USGS did an
assessment of the entire onshore U.S. in 1995
(http://energy.cr.usgs.gov/oilgas/noga/index.htm). In
addition, the USGS published updated assessments for
the following basins in 2002-2003: San Juan, Uinta-
Piceance, Southwest Wyoming, Powder River, Montana
Thrust, and Denver (http://energy.cr.usgs.gov/oilgas
/noga/index.htm).

The NPC methodology was to assemble industry
and government Rockies experts and to hold three
workshops to validate and change, if necessary, the
mean resource estimates for key large plays. These
workshops were held in Houston at the Anadarko
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Petroleum and ExxonMobil offices and the USGS
office in Denver, Colorado.

d. Undiscovered Fields Results for the
Rockies Super-Region

The undiscovered gas in the Rockies has been
assessed by 169 USGS-defined plays and assessment
units (Gautier and others, 1996; Flores and others,
2002; Kirschbaum 2002a, 2002b; Ridgley and others,
2002; Schenk and others, 2002). Twenty-eight (28) of
the plays/assessment units defined by the USGS have
not been quantitatively assessed. Seventy (70) of the
169 plays/assessment units represent nonconventional
plays. Cretaceous and early Tertiary sandstones and
coals are the primary reservoirs for undiscovered gas
volumes.

Hydrocarbon plays with undiscovered gas greater
than 5 TCF were examined in detail by the NPC Supply
Task Group. During 2002, the USGS published reassess-
ments of the Uinta-Piceance Basins (Kirschbaum and
others, 2002a), Southwestern Wyoming Province
(Kirschbaum and others, 2002b), Powder River Basin
(Flores and others, 2002), San Juan Basin (Ridgley and
others, 2002), and Montana Thrust Belt (Schenk and
others, 2002). One additional reassessment of the
Denver Basin was published in 2003 (Higley and others,
2003) but is not included in this analysis. These assess-
ments included revision of the USGS 1995-defined
hydrocarbon plays into a series of Total Petroleum
Systems and accompanying Assessment Units.
Assessment Units with greater than 5 TCF gas potential
were evaluated in the same manner as the 1995 plays.
The 1995 plays were correlated with the 2003 assessment
units to avoid double counting. Three workshops were
held during late 2002 and early 2003 to which industry,
government, and academic experts were invited to eval-
uate and change, if necessary, the mean resource esti-
mates for these key large plays.

The NPC’s 2003 assessment for the Rockies super-
region shows a decrease of 41 TCF relative to the USGS
1995/2002 (using USGS 2002 where available as the
standard of reference). Primary differences between the
NPC 2003 assessment and the USGS revolve around five
basins/provinces (Table S2-3). Significant decreases in
the undiscovered gas resource involve the North-Central
Montana (34.5 TCF decrease) and the San Juan Basin
(20.2 TCF decrease). On the other hand, the Powder
River (5.7 TCF increase) and Uinta-Piceance Basins
(10.3 TCF increase) had NPC increases compared to
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the USGS. A more detailed discussion of these five
basins is presented below.

i. San Juan Basin Region Summary

The San Juan Basin is located in northwestern New
Mexico and southwestern Colorado. The basin is
approximately 7,500 square miles in size and includes
parts of the Navajo, Southern Ute, and Jicarilla Apache
Indian reservations (Fasset and Hinds, 1971). The
Cretaceous Dakota Sandstone, Mesaverde Group, and
Pictured Cliffs Sandstone are the most important gas-
producing zones in the basin (Fassett, 1991). The
Blanco/Basin Field area, the second largest gas field in
the lower-48 states with an estimated ultimate recovery
of 23 TCF, produces gas from each of the above strati-
graphic units. Coal bed methane production is prima-
rily from the Upper Cretaceous Fruitland Formation
coal beds.

The NPC has estimated undiscovered gas at 30.1
TCE. Conventional undiscovered gas accumulations
(0.8 TCF) represent only 3% of the undiscovered gas
resource. Nonconventional low permeability sand-
stones represent 52% of the undiscovered gas resource.
Coal bed methane from the Fruitland Formation com-
prises 29% of the undiscovered gas resource.

The NPC estimate is a 20.5 TCF decrease from the
USGS 2002 estimate (Ridgley and others, 2002). This
decrease is due to a reduction in both play area and
average expected gas recovery per undrilled location
(“cell”) for the Basin Fruitland Assessment Unit and
the Lewis Gas Assessment Unit. This in turn is based on
updated well performance histories and additional
exploratory drilling results provided by San Juan Basin
operators and experts. The decrease is 15.3 TCF and
5.2 TCF for the Basin Fruitland Assessment Unit and
Lewis Gas Assessment Unit, respectively.

ii. Powder River Basin Region Summary

The Powder River Basin, located in northeastern
Wyoming and southeastern Montana, is the largest
intermontane basin in the northern portion of the
Rocky Mountains. The basin is notable for being the
fifth largest producer of coal resources in the world and
production in excess of 2.5 million pounds of uranium
oxide (Baars and others, 1988). Conventional gas pro-
duction is predominantly from Pennsylvanian,
Permian, and Cretaceous sandstone reservoirs. Coal
bed methane production is primarily from upper
Cretaceous-Paleocene Fort Union and Eocene Wasatch
formations.
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The NPC has estimated undiscovered gas at 21.7
TCE Conventional undiscovered gas accumulations
(1.5 TCF) represent approximately 7% of the undis-
covered gas resource. Coal bed methane comprises
88% of the undiscovered gas resource.

The NPC estimate is a 5.2 TCF increase from the
USGS 2002 estimate (Flores and others, 2002). This
increase is due to updated well performance histories
provided by Powder River Basin operators and experts.
An increase of 5.2 TCF for the Fort Union Assessment
Unit accounts for the total basin increase. A recent
assessment of undiscovered coal bed methane in the
Powder River Basin conducted by Advanced Resources
International (ARI) for the U.S. Department of Energy
estimated 39 TCF of undiscovered recoverable coal bed
methane. This is nearly twice the NPC 2003 estimate
(Advanced Resources International, 2002). ARI based
their estimate on reservoir simulation of over 1,000
wells, recognition of free gas and higher gas content
assumptions for certain Powder River Basin coals and
new data on the Wasatch coals along the western edge
of the basin. The NPC 2003 used the same methodol-
ogy as the USGS to estimate undiscovered coal bed
methane but used slightly more optimistic input
parameters. This methodology does not include any
reservoir simulation modeling, but relies on historical
well decline analysis.

iii. Southwest Wyoming Region Summary

The Southwest Wyoming Region (Greater Green
River Basin) is located in southwestern Wyoming and
adjacent portions of Colorado and Utah. The prov-
ince is comprised of four sedimentary basins (Great
Divide, Green River, Sand Wash, and Washakie) and
four intrabasin uplifts (Wamsutter Arch, Cherokee
Arch, Moxa Arch, and Rock Springs Uplift). Gas pro-
duction is primarily from Late Cretaceous-early
Tertiary sandstones.

The NPC has estimated undiscovered gas at 87 TCE.
Conventional undiscovered gas accumulations repre-
sent 5% of the undiscovered gas resource. Coal bed
methane from the Mesaverde, Lance-Ft. Union and
Wasatch-Green River Formations represents 2% of the
undiscovered gas resource. Nonconventional low-
permeability sandstones and low BTU gas from the
Moxa Arch comprise the other 93% of the undiscov-
ered gas resource. The NPC nonconventional tight gas
assessment is substantially lower than the USGS assess-
ment (65.8 TCF vs. 80.6 TCF).
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The NPC total basin assessment is similar to the
USGS 2002 assessment (Kirschbaum and others,
2002b) but some of the individual plays differ. Plays
that decrease are due to a reduction in both play area
and the average chance of success for undrilled loca-
tions (“cells”) for the Rock Springs-Ericson assessment
unit and the Lewis Gas assessment unit. This, in turn,
is based on updated well performance histories and
additional exploratory drilling results provided by
Southwest Wyoming operators and experts. The
decrease is 6.1 TCF and 6.8 TCF for the Rock Springs-
Ericson assessment unit and Lewis Gas assessment
unit, respectively. This is partially offset by a 0.5 TCF
increase in the Mesaverde CBM and 2.3 TCF increase
of conventional resources due to adding the small field
fraction.

In addition, the NPC added 14.5 TCF of low BTU
gas which the USGS did not include in their assess-
ment. This low BTU gas is contained within the
Madison Formation on the Moxa Arch and is only
about 22% methane (Vidas and others, 2003). The
14.5 TCF is the recoverable methane portion of the
accumulation. It should be noted that there are
multiple definitions for low BTU gas. The American
Gas Association (AGA) definition is gas with a heat-
ing value of less than 250 BTU per standard cubic
feet of raw gas. This Moxa Arch gas would fit that
definition.

Subquality gas (Springer and others, 1999) has
greater than 4% nitrogen or 2% carbon dioxide or
4 ppm hydrogen sulfide. Under this definition the gas
has to undergo some processing before it can be put
into a pipeline for sale. This is different than the low
BTU gas of the AGA definition. About 40% of U.S.
gas reserves are low quality (Springer and others,
1999).

A recent study of the Greater Green River Basin
(same area as Southwest Wyoming NPC region) by
Boswell and others (2002) under contract to DOE
resulted in an undiscovered technically recoverable gas
estimate of 363 TCE. This study used a large number
of wells, estimates of volumetric parameters from well
log analysis, detailed well log correlation grid and esti-
mates of reservoir engineering parameters to estimate
gas-in-place and technically recoverable gas. This esti-
mate is about four times larger than the NPC 2003
assessment of undiscovered gas for this area. This esti-
mate was relating to basin-centered tight gas
resources. The methodology used in the DOE study
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was fundamentally different than that employed by
the USGS. The USGS outlines a play area for the
basin-centered gas play, determines the well spacing
that an average well could effectively drain, determines
the number of untested spacing units (cells) within
the play outline, estimates the average gas recovery per
well (or cell), and estimates a success factor for wells
drilled within the outline. Multiplying the number of
untested cells by the average gas recovery and success
factor gives the mean recoverable gas for that play.
The DOE methodology first calculates gas in place in
the basin-centered gas play. This is done by outlining
a play area and determining a depth or pressure
regime below which all sands within the play are
assumed to be gas bearing. Well logs from existing
wells are used to calculate thickness, average porosity,
and gas saturation of the sands within the play. These
parameters are used to make a volumetric calculation
of gas in place for the play. Reservoir engineering data
is then employed to estimate how much of this gas is
potentially technically recoverable. This approach
usually gives much larger values for recoverable gas
than the USGS method. The issue with this method is
that well logs can not readily distinguish between gas
and water bearing zones in low permeability (tight)
sands. Therefore, some of the sands that are
“counted” as containing gas in this method may actu-
ally contain water.

iv. Uinta-Piceance Basin Summary

The Uinta and Piceance basins are closely associated
structural and sedimentary basins located in north-
eastern Utah and northwestern Colorado, respectively.
The basins cover an area of approximately 40,000
square miles and are separated from each other by the
north-south trending Douglas Creek Arch. Gas pro-
duction is primarily from Cretaceous and Tertiary
sandstones.

The NPC has estimated undiscovered gas at 30.8
TCE  Conventional undiscovered gas accumulations
represent 14% and coal bed methane from Cretaceous
formations 17% of the undiscovered gas resource.
Nonconventional low-permeability sandstones com-
prise 69% of the undiscovered gas resource.

The NPC estimate is a 9.4 TCF increase from the
USGS 2002 estimate (Kirschbaum and others, 2002).
This change is due to additional drilling in the basins
resulting in an increase in the number of untested coal
bed methane undrilled locations (“cells”).
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v. Williston/Northern Great Plains Region
Summary

Beginning in the 1970s and continuing through the
present, the United States Geological Survey has con-
ducted geological studies to characterize and estimate
the gas potential of low-permeability reservoirs in the
Rocky Mountains (Spencer and others, 1977; Rice and
Shurr, 1980; Gautier and others, 1995; Condon, 2000).
These studies identified the potential for undiscovered
gas in Cretaceous low-permeability sandstones derived
from bacterial processes (“biogenic gas”) at relatively
shallow depths (<1,200 meters). The USGS 1995 esti-
mate was 41.8 TCF for this play (Gautier and others,
1996). The USGS 1995 assessment for all plays in this
region is 45.8 TCE.

The NPC 2003 estimate of 11.1 TCF is a 34.7 TCF
decrease from the USGS 1995 estimate. This reduction
is based on relatively unsuccessful exploratory drilling
during the last decade which has significantly reduced
the area of potential production.
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F. West Texas Super-Region
1. Super-Region Summary

The USGS 1995 assessment provides the basis for
the NPC’s assessment of the West Texas super-region
(Figure S2-38), which includes five USGS provinces in
West Texas and New Mexico: Pedernal Uplift, Palo
Duro Basin, Permian Basin, Bend Arch-Fort Worth

Basin, and the Marathon Thrust Belt (Figure S2-39).
This Super-Region has about 27 TCF of undiscovered
gas potential. The NPC focused on the Permian Basin,
which had about 60% of USGS undiscovered gas
potential. Total technical resource is 64.5 TCF and
cumulative production has been 105.4 TCE.

The Permian Basin currently produces about 5 BCF
per day. About 40% of this is associated gas, and tight
gas accounts for 30%. Production has been flat over
the last several years, but increasingly more wells are
needed to maintain that production level. There were
about 700 completions in 1999 and 1300 in 2001.
Initial gas production rate is 800 MCFD in 2001 versus
500 MCFD in 1999. The average decline rate in 2001 is
steeper than in prior years.

The Permian Basin is in a very mature stage of
exploration and development. In the future, reserve
additions will come more from growth to existing
fields and less from new field discoveries.

The NPC reduced Permian Basin undiscovered gas
potential by 6 TCF compared to the USGS 1995 assess-
ment because of the advanced exploration maturity of

Figure §2-38. Location of the West Texas Super-Region
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the basin and the small average size of new field dis-
coveries since 1995.

In the Reactive Path outlook, production declines
from today’s 1.7 TCF/year to 1.3 TCF/year by 2025
(Figure S2-40). Even with this decline, 800 to 1,200
wells/year will be needed.

2. Permian Basin Assessment Description

a. Remaining Gas Reserves

There are 16.4 TCF of remaining proved gas reserves
in West Texas.

b. Growth of Existing Fields

The West Texas fields have produced 105.4 TCF to
date. The total future growth in these fields is esti-
mated to be 21.5 TCE.
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c. Undiscovered Fields Background Studies

The national assessment made by the USGS in 1995
was used as the basis for the gas potential of the
Permian Basin. The USGS identified 12 geologic plays
with gas potential, all but one of which is primarily
associated gas. The assessment results are documented
in USGS Circular 1118 (http://energy.cr.usgs.gov
/oilgas/noga/index.htm).

The NPC methodology was to assemble industry,
government, and academic experts on the Permian
Basin and hold a workshop to validate and change, if
necessary, the mean resource estimates for key large
plays. This workshop was held at the USGS office in
Denver, Colorado.
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Figure S2-40. West Texas Production and Drilling Forecast

d. Undiscovered Fields Results

The USGS 1995 assessment of undiscovered gas for
the Permian Basin is 13.2 TCF in 12 plays.
Approximately 75% is non-associated gas.

The NPC examined the 5 largest plays in the
Permian Basin which account for about 80% of the
undiscovered gas potential. The consensus of the
experts was to reduce the assessment of four of the five
plays. There was a recognition of large reserve poten-
tial related to growth of existing fields which may be
greater than that of undiscovered new fields.

The Pre-Pennsylvanian/Delaware-Val Verde play was
reduced from 3.9 TCF to 2 TCE. This play is very
mature and consensus was that future discoveries will
be fewer and smaller than projected in the USGS 1995
assessment. It was noted that growth of existing fields
could be significant in this play (2 TCF).

The Lower Pennsylvanian (Bend) Sandstone play
was reduced from 3.2 to 1 TCFE. There is good poten-
tial for finding many new fields but their average size
will be very small (5-10 BCE).
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The Upper Pennsylvanian and Lower Permian
Slope/Basin Sandstone play was reduced from 1.5 to
0.76 TCF because the NPC experts thought the average
undiscovered field size should be about 15 BCF (half
the size of the USGS 1995 assessment).

The San Andres-Clearfork/Northwestern & Eastern
Shelves play was reduced from 1 to 0.3 TCF because the
trend has been largely explored and recent discoveries
are mostly low volume producers (< 1 BCF per well).
Future discoveries will likely continue to be very small.

i. Nonconventional Resources

Tight gas in the Permian Basin is considered to be
associated with conventional accumulations. Most
tight gas production to date comes from the Canyon
Formation.

A possible nonconventional play in the Permian
Basin is the Barnett Shale which is being developed in
the adjacent Fort Worth Basin. Commercial produc-
tion has not been developed from this formation in the
Permian Basin and no undiscovered gas potential is
assessed at this time.
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No coal bed methane potential is assessed for the
Permian Basin because there are no known coal
deposits in the basin.

3. Other West Texas Provinces

The NPC only held a workshop related to the
Permian Basin and did not discuss the other USGS
provinces which make up the balance of the NPC West
Texas Super-region. The future gas resource of these
other provinces was small relative to the major North
American provinces. The NPC will use the USGS 1995
undiscovered gas for these other provinces except for
the Barnett Shale play in the Bend Arch/Fort Worth
Basin.

The Bend Arch/Fort Worth Basin is, like the Permian
Basin, a mature area for conventional gas. The USGS
identified seven plays with gas potential including the
continuous Barnett Shale play. This play has been
actively developed in recent years. Undiscovered
potential in this USGS province is 14.6 TCF of which
about half is the nonconventional Barnett Shale (7.0

TCF). The Barnett Shale potential is based on recent
work by the USGS.

The Marathon Thrust Belt in southwest Texas has
one play and undiscovered potential of 142 BCE. The
Palo Duro Basin, located in the Texas panhandle area,
has an undiscovered potential of only 3 BCE The
Pedernal Uplift, located in eastern New Mexico, has no
undiscovered gas potential.

G. Midcontinent Super-Region
1. Super-Region Summary

The USGS 1995 assessment is the basis for the
undiscovered resource of the Midcontinent Super-
Region (Figure S2-41), which includes 11 USGS
provinces in Oklahoma, Kansas, Missouri, Iowa,
Minnesota, and portions of Nebraska, Texas, Arkansas,
and Wisconsin. The combined undiscovered gas
resource totals about 32 TCF. The Anadarko basin
contains 21 TCF or two-thirds of the total. Two other
USGS provinces have significant undiscovered gas: the

Figure S2-41. Location of the Midcontinent Super-Region

2-42

VOLUME IV - SUPPLY TASK GROUP REPORT



Arkoma basin with about 6.4 TCF and the Cherokee
uplift with about 4.4 TCE. The Midcontinent’s remain-
ing technical resource is 88.0 TCF and cumulative pro-
duction has been 179.9 TCE

Approximately 75% of the super-region’s gas
resources are in conventional accumulations. The
other 25% is mostly coal bed methane in the Arkoma
basin, Cherokee uplift and Forest City basin. The
Cherokee uplift and Forest City basin are contained
within the Northern Midcontinent region (Figure
$2-42).

The Anadarko basin currently produces about 5.4
BCF per day with 93% of that coming from gas wells.
Tight gas reservoirs account for 10% of current gas
production. Production has remained flat over the
past several years but more wells per year have been
needed to maintain production. There are 100-200 gas
completions per month with an average ultimate
recovery of 0.6-0.7 BCE. The average ultimate recovery
in 1990 was 1.2-1.4 BCE. Current wells also show
higher initial rates and steeper decline rates than in the
past. Problems with gas production reporting leads to
some uncertainty in actual gas production volumes in

NORTHERN
MIDCONTINENT

ARKOMA-

ANADARKO ARDMORE

Figure S2-42. Midcontinent Regions
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this basin especially regarding multiple gas purchasers
(“split connections”).

The NPC increased the undiscovered gas resource in
the Anadarko basin by 5 TCF due to recent promising
discoveries in certain plays. The resource assessment
for the other regions within the Midcontinent were not
changed from the USGS 1995 assessment.

Although the Midcontinent is the second largest
super-region in terms of cumulative gas produced, it
has declined rapidly from 1990 to the current level of
2 TCF/year. In the Reactive Path outlook, production
will remain relatively flat for the next 10 years and
decline slightly thereafter (Figure S2-43). A high level
of drilling activity (3,000 to 3,500 wells/year) will be
required to maintain this production.

2. Anadarko Basin Assessment Description
a. Remaining Gas Reserves

There are 24.0 TCF of remaining proved gas reserves
in the Midcontinent.

b. Growth of Existing Fields

The Midcontinent has produced a total of 179.9 TCF
to date. The total future growth in these fields is esti-
mated to be 32.3 TCE

c. Undiscovered Fields Background Studies

The national assessment made by the USGS in 1995
was used as the basis for the gas potential of the
Anadarko Basin. The USGS identified 23 geologic
plays with gas potential. These plays are all considered
to be “conventional” by USGS definitions. No noncon-
ventional play (tight gas, coal bed methane, shale gas)
potential was identified. The assessment results are
documented in USGS Circular 1118, which can be
found on the internet at http://energy.cr.usgs.gov
/oilgas/noga/index.htm.

The NPC methodology was to assemble industry,
government, and academic experts on the Anadarko
basin and hold a workshop to validate and change, if
necessary, the mean resource estimates for key large
plays. This workshop was held at the USGS office in
Denver, Colorado.

d. Undiscovered Fields Results

The USGS 1995 assessment estimated an undiscov-
ered gas resource of 11.1 TCF in 23 plays in the
Anadarko basin. Approximately 86% of this is
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Figure $2-43. Midcontinent Production and Drilling Forecast

non-associated gas. This compares to the current NPC
assessment for the Anadarko of 21.0 TCE.

The NPC examined the 5 largest plays in the
Anadarko basin which accounted for about two-thirds
of the undiscovered gas potential. The NPC experts
increased the undiscovered gas in four of the plays and
reduced it in one play.

The Deep Structural Gas play was increased from
0.9 TCF to 5.0 TCE. Over 1.5 TCF has been discovered
since 1995 and consensus was that some large
(> 1 TCF) discoveries are possible. Recent improve-
ments in 3-D seismic imaging has uncovered addi-
tional large prospects in this play.

The Deep Stratigraphic Gas play was increased from
2.6 TCF to 3.2 TCE. Improved 3-D seismic imaging is
helping to find new prospects in the deep parts of the
basin.

The Washes play was increased from 0.4 TCF to 1.5
TCE The play is mature in a large part of the basin but
recent discoveries in the Wichita Mountain front area
have opened up new exploration potential. 3-D seismic
indicates several large prospects remain to be tested.
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The Morrow Sandstone Stratigraphic Oil and Gas
play was increased from 1.2 TCF to 1.7 TCE The play
has been heavily drilled in the basin but since it covers
a large area there are still places with untested poten-
tial. The consensus was that there will be more fields
found than estimated by the USGS in 1995 but their
average size would be smaller.

The Lower Desmoinesian Stratigraphic play was
reduced from 2.4 TCF to 1.5 TCE. This play has been
heavily drilled and the remaining new fields are likely
very small. The existing fields will likely show signifi-
cant growth due to infill drilling.

i. Nonconventional Resources

The USGS Woodford/Chattanooga/Arkansas Nova-
culite play was identified as a hypothetical nonconven-
tional fractured shale play in the 1995 assessment but
no gas reserves were assigned to it. The NPC consen-
sus was also to assign no volumes to this play since no
significant commercial production has been estab-
lished to date. This play may benefit from advanced
technology in the future and then could possibly
become economic.
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No coal bed methane potential was assessed in the
Anadarko basin by the USGS. The NPC agreed with
this assessment.

3. Other Midcontinent Provinces

The NPC only held a workshop related to the
Anadarko basin and did not discuss the other USGS
provinces that make up the balance of the NPC
Midcontinent Super-Region. The future gas resource
of these other provinces was small relative to the major
North American provinces. The NPC will use the
USGS 1995 undiscovered gas values for these other
provinces.

Table S2-4 lists the proved, growth, and undiscov-
ered gas resources in TCF of the NPC Regions that
make up the Midcontinent Super-Region.

H. Gulf Coast Onshore Super-Region

1. Super-Region Summary

The USGS 1995 assessment provides the basis for
NPC’s assessment of the Gulf Coast Super-Region

Undis-
Proved Growth covered
NPC Region (TCF) (TCF) (TCF)
Anadarko 17.7 21.4 21.0
Arkoma-Ardmore 4.8 6.8 6.4
Northern
Midcontinent 1.5 41 4.4
Total 24.0 32.3 31.8

Table S2-4. Gas Resources of NPC Regions

(Figure S2-44), which includes four NPC regions
onshore the Gulf of Mexico: South Texas, South
Louisiana, ARKLATX (south Arkansas, north
Louisiana and east Texas), and MAFLA (Mississippi,
south Alabama and Florida) (Figure S2-45). Total tech-
nical resource is 183.2 TCF and cumulative production
has been 321.5 TCE.

The Gulf Coast is a major super-region for current
gas production and undiscovered gas. The NPC 2003

Figure S2-44. Location of the Gulf Coast Super-Region

CHAPTER 2 - RESOURCE ASSESSMENT

2-45



ARKLATX

S LA

Figure S2-45. Gulf Coast Regions

assessment is 86 TCF of undiscovered gas which is a
decrease of 13 TCF from the USGS 1995 (Table S2-5).
There were, however, some major changes within indi-
vidual large plays. Plays that decreased are deep
Tuscaloosa down 3.3 TCE, Upper Wilcox shelf edge
down 2.8 TCFE Yegua down-dip gas down 3.2 TCE,
Jackson down-dip gas down 3 TCF, and Norphlet
down 3.3 TCE. Norphlet potential located in state
waters is included in the Gulf of Mexico Super-Region.

USGS NPC
Play Group 1995 2003
(TCF) (TCF)
Mesozoic Carbonates/Clastics 16.9 21.0
Cotton Valley Sandstones 1.1 15
Deep Tuscaloosa Sandstones 6.3 3.0
Lower Tertiary Clastics
Shelf Edge 14.2 8.2
Lower Tertiary Clastics
Down Dip 28.5 23.5
Norphlet Mobile Bay 6.0 28*
Smackover 1.3 1.3
Houston/Mississippi
Salt Dome 1.7 1.7
Total (Fields >6 BCF) 76.0 63.0
Total (Including
Small Fields) 99.7 85.6
* Norphlet in state waters included in Gulf of Mexico
super-region.

Table S2-5. Gulf Coast Undiscovered Gas
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The best undiscovered gas potential is in Mesozoic
carbonate and clastic reservoirs and down-dip Tertiary
sandstones. Some of these plays increased substan-
tially:  Lower Wilcox overpressured up 3 TCEF,
Vicksburg down-dip gas up 3.4 TCFE and James Lime
up 4 TCE. The James Lime was assessed by the USGS
as a conventional play but may actually be a noncon-
ventional play according to the NPC experts and thus
its potential was increased significantly.

The USGS assessed 95 plays in the Gulf Coast. The
NPC combined these plays into eight super-plays based
on geology, development cost, and technology factors
(Figure S2-46). The eight super-plays are: Mesozoic
carbonates/clastics, Cotton Valley sandstone, Deep
Tuscaloosa sandstone, L. Tertiary clastics shelf edge,
L. Tertiary clastics downdip, Norphlet Mobile Bay,
Smackover, and Houston/Mississippi Salt Dome. Each
of the super-plays is subdivided by drilling depth for
economic analysis.

Gulf Coast Onshore production increased during
the 1990s to its current level of around 5 TCF/year
(Figure S2-47). During that time, drilling activity also
increased from about 1,000 wells/year to about 3,000
wells/year. In the Reactive Path outlook, production
will decline slowly to about 3.5 TCF/year by 2025 and
drilling activity will decrease commensurately.

2. Gulf Coast Assessment Description
a. Remaining Gas Reserves

There are 37.5 TCF of remaining proved gas reserves
in the Gulf Coast.
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Figure $2-46. Gulf Coast Onshore Super-Plays
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b. Growth of Existing Fields

The Gulf Coast has produced 321.5 TCF of gas to
date. The total future growth in these fields is esti-
mated to be 60.2 TCE

c. Undiscovered Fields Background Studies

The national assessment made by the USGS
1995 was used as the basis for the gas potential of the
Gulf Coast. The USGS identified 95 geologic plays
with gas potential. There are 91 conventional plays
and four nonconventional plays. The assessment
results are documented in USGS Circular 1118
(http://energy.cr.usgs.gov/oilgas/noga/index.htm).

The NPC methodology was to assemble industry,
government, and academic experts on the Gulf Coast
and hold a workshop to validate and change, if neces-
sary, the mean resource estimates for key large plays.
This workshop was held at the ExxonMobil office in
Houston, Texas.

d. Undiscovered Fields Results

The USGS 1995 assessment estimated an undiscov-
ered gas resource of 99.7 TCF in 95 plays in the Gulf
Coast. The NPC 2003 reduced this by 14.1 TCE. A
detailed description of changes in individual plays and
play groupings is discussed below.

i. Mesozoic Carbonates/Clastics

Forty three (43) plays make up the Mesozoic
Carbonates/Clastics play grouping. Four (4) of these
were discussed in the workshop: the Lower Cretaceous
Carbonate Shelf (Play 4705), Gilmer Limestone (Play
4920), James Lime (Play 4931), and the Hosston/Travis
Peak Salt Basin (Play 4926).

The Lower Cretaceous Carbonate Shelf (USGS 1995
Play 4705). The play is widespread, extending from the
Mexican border, across the Western Gulf, through
Texas, Louisiana and to the State-Federal water bound-
ary in southern Louisiana. Reservoirs in this play are
shelf and shelf edge carbonates of the Lower
Cretaceous Edwards, Stuart City, Sligo, and Pearsall
Formations. Porosity is due to inter-particle dissolu-
tion of coarse-grained limestones along the shelf edge
with minor intra-particle and fracture porosity and
dolomitization of fine-grained limestones on the shelf.
Complex inter-fingering of porous and non-porous
facies coupled with complex diagenetic alteration can
make reservoir development hard to predict. Various
combinations of faults, facies changes and diagenetic
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alteration account for trapping. Source rocks are
thought to be Lower Cretaceous shelf and slope mud-
stones. Gas, with some oil, dominates this play along
the shelf edge. The shelf interior is more oil prone. Gas
fields have historically been small. The median field
size used in the 1995 assessment was 34 BCFG. Most
of the discoveries are in South Texas, but an oil discov-
ery in Main Pass 253 suggests the play might be
prospective through Louisiana.

The play is considered high risk because remaining
prospects are generally too small to detect on seismic.
In Louisiana, prospects can easily be missed because
2-D seismic lines are 2-3 miles apart, too widely
spaced, due to having to shoot along highways and
through heavily forested areas. Since the 1995 USGS
assessment there has been little activity in this play
with only 4 wells drilled in the past seven years. This
lack of activity suggests that Industry has a negative
view of the play. Discoveries are often only 1-2 well
fields and wells cost $3-4 million. The workshop con-
sensus was to accept the USGS assessment.

The Gilmer Limestone (USGS 1995 Play 4920). The
play is in Upper Jurassic Gilmer Limestone reservoirs
that produce gas and oil from structural traps in the
East Texas Salt Basin. The Haynesville and Cotton
Valley limestones of Mississippi and Alabama are age
equivalent. Reservoirs are shelf and reef limestones
with porosity of up to 20%, but permeability is low
(<10 mD). Traps are generally confined to structural
features. Early salt movement created topographic
highs that localized coarse-grained limestones and
some pinnacle reefs. Structural prospects have been
heavily explored with few undrilled structures remain-
ing. Some stratigraphic traps are developed on the car-
bonate platform margin where porous reef facies inter-
finger with non-porous facies.

The play is high risk and high cost. Completed wells
cost $1.5-3 million including fracture stimulation
which can triple or quadruple initial well rates. The gas
is sour which negatively affects economics. The work-
shop consensus was to reduce the mean assessment to
0.2 TCF; reduce the largest remaining discovery from
450 to 50 BCF; and reduce the median number of
undiscovered accumulations to 10.

The James Lime (USGS 1995 Play 4931). This play
extends from the central salt basin of Mississippi,
across northern Louisiana, and into the Fast Texas salt
basin. Reservoirs are Lower Cretaceous, Aptian age,
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fine-grained shelfal limestones with low porosity and
permeability. The source is underlying organic mud-
stone. The James Lime is generally 100 feet thick, made
up of chalky, micritic beds with interbedded skeletal
facies. Porosity is from 5-20% and permeability 0.01-
10 mD with fractures needed for production. A down-
dip shelf-margin reef play is possible. Traps are
thought to be mainly structural, associated with salt or
faults. However, the play should likely be classified by
the USGS as a continuous (nonconventional) type play
as gas is pervasive throughout the formation; all wells
seem to be gas saturated. The play has a potentially
large technical resource, but individual well recoveries
are highly variable and uncertain, and cost to develop
is high. Structuring is the probable cause of fracturing
which enhances permeability.

The Trawick Field produces from this play. It lies
over a salt dome which increases natural fracturing.
Horizontal wells can enhance production. There is no
known water contact and the wells make approxi-
mately 1 BCF each with high initial rates which decline
to about 0.5 MMCFG/D.

The workshop consensus was to increase the undis-
covered gas from 1 TCF to 5 TCF to account for the
widespread gas saturation in this play and the growing
understanding of how this play might be explored for
and developed. The NPC will use the USGS 1995
undiscovered field size distribution but increase the
number of undiscovered fields.

The Hosston/Travis Peak Salt Basin (USGS 1995 Play
4926). This play is within deltaic and shelf sandstones
of the Lower Cretaceous Hosston Formation. Traps are
structurally controlled and usually associated with salt
domes. Porosity can be as high as 15% and permeabil-
ity 50 mD. It is difficult to distinguish the difference
between gas and water-bearing sands from well log
analysis which means that water production is a com-
mon problem in this play. This problem may result in
overlooked gas potential so the workshop consensus
was to accept the USGS assessment.

ii. Cotton Valley Sandstones

Cotton Valley Uplift (USGS 1995 Play 4924). This
play is in Upper Jurassic Cotton Valley sandstones
which produce gas from structural traps associated
with faults and basement structures around the Sabine
Uplift in East Texas and northern Louisiana.
Reservoirs are deltaic and nearshore marine sand-
stones. Porosity can be as high as 20% and perme-
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ability 50 mD. Anadarko Petroleum has recently
employed new technology that has reportedly helped
discover 1 TCE. Workshop discussions suggest the
play may be larger than mapped by the USGS 1995.
The workshop consensus was to increase the undis-
covered gas to 1.5 TCE

iii. Deep Tuscaloosa Sandstones

Tuscaloosa Deep (USGS 1995 Play 4709). This play is
in Upper Cretaceous Tuscaloosa sandstones which pro-
duce gas from structural and stratigraphic traps down-
dip (south) of the Lower Cretaceous shelf margin in
southern Louisiana. Boundaries of the play are where
the sands are deeper than 25,000 to the south, sand-
stones pinch-out to the west in central Texas and the
play continues into the Federal offshore to the east.
Reservoirs are found in shelf margin deltas that formed
down-dip from growth faults, in slope channels further
down-dip and in fans in the more distal parts of the
play. Clay coatings on grains may have helped preserve
good reservoir properties. Porosity as high as 25% and
permeability of 100mD is known at depths of 20,000
feet. The deltaic facies are trapped by roll-over anti-
clines while combination structural/stratigraphic traps
are found down-dip in the deepwater facies.

There have not been any major discoveries in this
play since the USGS 1995 assessment. Some fields are
already abandoned and cumulative production to date
is 4-5 TCE. Workshop participants considered the
Tuscaloosa Deep to be a mature play, with all of the
known larger traps having been tested. 3-D seismic
surveys have been acquired over the producing area of
the play but no potentially commercially size traps
have been observed. Smaller fields are possible, but
they may not be economic. Completed wells cost
$20 million and need 200 BCF field size to be eco-
nomic. There is limited exploration potential to the
east/southeast and west/northwest. Large future dis-
coveries are most likely to the south/southwest which is
deeper, hotter, and higher pressure than the current
producing area.

A stratigraphic play is currently developing down-
dip of the Sligo shelf margin in Texas. It is expected to
have small size accumulations. The Texas part of this
play is in the Woodbine Formation which is strati-
graphically just below the Austin Chalk and is younger
than the Louisiana Tuscaloosa sandstone. The work-
shop consensus was to reduce undiscovered gas to
3 TCF (down 3.3 TCF).
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iv. Lower Tertiary Clastics Shelf Edge

There are twenty plays in the Lower Tertiary Clastics
Shelf Edge. The two that were discussed in the work-
shop are the Upper Wilcox Shelf Edge (Play 4722) and
the Lower Wilcox Lobo Trend (Play 4718).

Upper Wilcox Shelf Edge (USGS 1995 Play 4722).
This play is a narrow, but long, trend stretching from
the Texas/Mexico border to offshore southern
Louisiana. Reservoirs are upper Wilcox shelf-edge
deltaic sandstones. Porosity can be as high as 26% and
permeability 600 mD. Traps are roll-over anticlines,
fault traps, or combination structural/stratigraphic
traps related sand pinch-outs and faulting. The play
trend is densely drilled and only small discoveries are
expected in the future. The NPC consensus was to
reduce undiscovered gas to 1 TCF with no future dis-
coveries larger than 50 BCF and half the number of
future discoveries assessed by the USGS.

Lower Wilcox Lobo Trend (USGS 1995 Play 4718).
The Lobo gas play is a small area in southernmost
Texas, but extends into Mexico. The play has been
highly explored in Texas and has produced 5.6 TCF to
date. Lower Paleocene to Eocene lower Wilcox deltaic
sandstones can be as high as 19% but permeabilities
are generally low (<10 mD). Trapping is related to
extensional faulting and gravity sliding of sandstones.
Most new “discoveries” are actually field extensions in
the 5-15 BCF size range. Sands are predictable and
field extensions average 90% success. Failures are
related to incorrect structural interpretation. Well
costs have reduced in the last few years which has
helped activity, but current drilling is becoming mar-
ginal to uneconomic. Drainage area for wells is typi-
cally 30 to 40 acres. The USGS assessment of 3 TCF is
likely not new fields but growth-to-known in existing
fields. The NPC consensus was to reduce undiscovered
gas to zero, but recognize additional growth to existing
fields.

v. Lower Tertiary Clastics Down Dip

Thirteen plays are included in the Lower Tertiary
Clastics Down Dip play grouping. Nine were discussed
in the workshop: Lower Wilcox Down Dip
Overpressured (Play 4720), Upper Wilcox Down Dip
Overpressured (Play 4723), Middle Eocene Down Dip
Sandstones (Play 4724), Yegua Down Dip (Play 4727),
Jackson Down Dip (Play 4729), Vicksburg Down Dip
(Play 4731), Frio Southeast Texas/South Louisiana Mid
Dip (Play 4735), Frio Southeast Texas/South Louisiana
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Down Dip Play 4736), and Lower Miocene Slope and
Fan (Play 4741).

Lower Wilcox Down Dip Overpressured (USGS 1995
Play 4720). The play is down-dip from the Lower
Wilcox Fluvial Play (Play 4719) and parallels the pres-
ent coastline. The down-dip limit is where the depth is
greater than 25,000 feet. To the southwest the play
begins at the edge of the Lobo trend and extends into
southern Louisiana. The lower Wilcox sandstones are
generally over-pressured and occur in shelf, slope, and
fan depositional environments which are down-dip
from the Wilcox Fault Zone. Porosity can be as high as
25% and permeability 250 mD. Structural traps are
related to growth faults. Seals are the overlying middle
Wilcox shales. The USGS 1995 assessment was 3 TCF
of undiscovered gas. Several of the workstation partic-
ipants felt that there is a deepwater extension of this
play which was not fully assessed by the USGS. It was
agreed to add .5 TCF to account for this down-dip
potential. The NPC consensus was to increase the
undiscovered gas to 3.5 TCF with the largest undiscov-
ered field reduced to 300 BCF and average future fields
from 60-80 BCE

Upper Wilcox Down Dip Overpressured play (USGS
1995 Play 4723). The play is in upper Wilcox slope and
fan sandstones deposited down-dip from upper Wilcox
shelf edge deltas. Structural traps are associated with
growth faults and shale ridges. Porosity is as high as
15% and permeability 50 mD. The play parallels the
coastline from the Texas/Mexico border and crosses
southern Louisiana into Federal waters of the Gulf of
Mexico.

The play is mature in South Texas and is currently
being explored in Central Texas where deep structures
appear to be present. There is low potential in East
Texas and Louisiana due to lack of reservoir sandstone.
No discoveries larger than 1 TCF have been made since
the 1995 USGS assessment. Failures are the result of
poor sandstone development. Future advances in seis-
mic may help image reservoir development and allow
discovery of additional small fields. NPC consensus
was to reduce undiscovered gas to 3 TCF (down 2.7
TCF) with the largest remaining field at 300 BCE.

Middle Eocene Down Dip Sandstones (USGS 1995
Play 4724). The play is down-dip from middle Eocene
fluvial sandstones and extends from the Texas/Mexico
border across southern Louisiana and into Federal
waters of the Gulf of Mexico. The Queen City sand-
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stones are shelf and possibly slope deposits in south
Texas while Cook Mountain sandstones in southeast
Texas are deltaic and shelf deposits. Porosity in the
Cook Mountain can be as high as 30% with perme-
ability of 350 mD. Structural traps are related to reac-
tivated Wilcox growth faults and along deep shale
ridges. The Cook Mountain play is confined to the
area near Houston, Texas, and producing fields gener-
ally have seismic amplitudes which increases the suc-
cess rate. Since the USGS did their assessment, there
have been 10 discoveries totaling 125-150 BCF with a
median field size of about 20 BCF; the largest discovery
was 60 BCE. Workshop consensus was to keep the
USGS mean assessment of 1.2 TCF, but increase the
undiscovered large field size to 250 BCF and increase
the number of undiscovered fields to 12-55-120 (min-
med-max). Houston, Texas urban sprawl creates a sig-
nificant access issue, especially for seismic acquisition,
which is critical for successful exploration.

Yegua Down Dip (USGS 1995 Play 4727). The Yegua
Play extends from the Texas/Mexico border across
southern Louisiana into Federal waters of the Gulf of
Mexico. Over-pressured slope and distal fan sand-
stones with porosity locally as high as 25% and perme-
ability of 100 mD are the reservoirs in the Yegua.
Combination structural/stratigraphic traps related to
Yegua growth faults and possibly along shale ridges
combine with variations in deepwater sandstone reser-
voir quality make this is relatively high risk play.
Several discoveries were made in the Central Texas
coastal area in the 1980s and early 1990s which gave
optimism to the USGS assessment, but few discoveries
have been made since 1994. There have been fifteen
discoveries in South Texas and in the Houston
Embayment since 1994 totaling 300-400 BCF with a
median size of 25 BCF (the same as assessed by the
USGS); the largest discovery was 110 BCE. El Paso
drilled the Yegua under the glide plane fault without
success — no hydrocarbons and tight sand. The NPC
consensus was to reduce undiscovered gas to 2 TCF
(down 3.2 TCF), reduce the largest undiscovered field
to 150 BCEF, and increase the number of future discov-
eries but they will be smaller in average size.

Jackson Down Dip (USGS 1995 Play 4729). The play
is conceptual with no known discoveries. The play is in
Jackson slope and fan sandstones similar to the other
down-dip plays assessed by the USGS. The interval is
not generally believed to be sand-prone but is rather a
shale-prone interval. The USGS play risk of 50% was
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deemed too optimistic and the NPC consensus was
removing this play from the assessment.

Vicksburg Down Dip (USGS 1995 Play 4731). This
play is in Oligocene shelf, shelf-edge delta, slope. and
fan sandstones down to 25,000 feet. The play parallels
the coastline and extends from the Texas/Mexico across
southern Louisiana into Federal waters of the Gulf of
Mexico. Most of the drilling activity is in South Texas
targeting shelf edge deltaic deposits. Porosity can be as
high as 30% in shallow targets, but only up to 15% in
down-dip overpressured targets. Permeability can be
as high as 2 darcies up-dip but is less than 10 mD
down-dip. Combination structural/stratigraphic traps
are related to faults, rollover anticlines and shale struc-
tures combined with sandstone facies pinch-outs.

This play is considered to still have good undiscov-
ered potential in the Houston Salt Basin, Rio Grande
Embayment, and western Louisiana, but it probably
does not extend into central and eastern Louisiana as
shown on the USGS play map. Remaining prospectiv-
ity is related to recent technology advances in fracture
technology and 3-D seismic imaging. This is a tight gas
play that was considered high risk at the time of the
1995 USGS assessment. The USGS 1995 assessed 1.5
TCF of undiscovered gas and at least that much has
been discovered since then. Examples are McAllen
Ranch (El Paso) which is estimated at 1 TCF, N.E.
Jefferies Field discovered in 1997 has 250 BCEF, Monte
Cristo is also reported to have discovered 1 TCF, and
Santa Fe Ranch reportedly discovered 250 BCE. In
South Texas the play is highly overpressured, but mod-
ern seismic shows there are numerous prospects. The
King Ranch is considered to be prospective and a Hunt
Oil well to the north of the Ranch, near Corpus Christi
has triggered activity in the vicinity. The Davis discov-
ery in Galveston Bay has also triggered activity. At
depth this play reaches 420 degrees F and is at the limit
for fluids used in fracture stimulation. The sands do
not extend east of the Hackberry Embayment in west-
ern Louisiana. There may be some potential for addi-
tional Vicksburg resources to the east further down-dip
in very deep fault blocks, but currently the extension is
technology limited; sands are expected to be very tight
and wells would be very expensive to drill. The NPC
consensus was to raise undiscovered gas to 5 TCE
increase the largest undiscovered field size to 800 BCF,
and raise the number of undiscovered fields to 40-100-
250 (min-med-max).
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Frio Southeast Texas/South Louisiana Mid Dip
(USGS 1995 Play 4735). The play was discussed briefly
with consensus opinion to accept the USGS assessment
without modification.

Frio Southeast Texas/South Louisiana Down Dip play
(USGS 1995 Play 4736). The play was discussed briefly.
The consensus was to make no change to the mean
assessment, but reduce the median undiscovered field
size to 10 BCF and increase the number of new fields
from 5 to 10.

Lower Miocene Slope and Fan (USGS 1995 Play
4741). The play was discussed briefly with consensus
opinion to accept the USGS assessment without mod-
ification.

vi. Norphlet

Five (5) plays make up the Norphlet with one dis-
cussed in the workshop.

The Norphlet Mobile Bay Deep Gas (USGS 1995 Play
4903). The play is in Upper Jurassic Norphlet sand-
stones that produce gas from structural traps in the
Mobile Bay area of Alabama State waters and adjacent
Federal waters. The play is defined to be limited on the
north by large Louann Salt structures on the southern
flank of the Wiggins-Hancock Arch. The offshore limit
for the USGS assessment is the State-Federal water
boundary. The MMS assessed the play potential in
Federal waters.

In Mobile Bay north to south trending dune sand-
stones are structured by underlying salt swells. The
dune facies is good reservoir while the interdune
sabkha facies are basically non-reservoir. The upper
part of the Norphlet has a regional low permeability
zone which can cause failures if this non-reservoir tight
zone is the only sandstone within structural closure.
The overlying Smackover Formation is both source
and seal. Average depths are 20,000 to 22,000 feet and
the reservoir is slightly overpressured.

Workshop participants felt that the play area is more
limited than assessed by the USGS. The western limit
of the Norphlet is the Wiggins Arch, the northern limit
is in central Mississippi striking southeast into south-
ern Alabama and just to the north of Mobile Bay there
are no more salt swells which results in a no large struc-
tures beyond that limit. Structures north of the salt
swells are small and are related to rift faults. South of
the state/federal offshore boundary, large growth faults
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develop that also result in only small structures being
present.

The play is very mature in the Norphlet “sweet spot”
of Alabama state waters. The area is covered with seis-
mic data and all the large prospects have been tested.
There have been no new discoveries in Alabama state
waters since the 1995 assessment. Workshop partici-
pants believe that the best undiscovered potential is in
Florida state waters but there is no access to this por-
tion of the play.

Both the USGS (state waters) and MMS (OCS)
assessments assume that the largest pool in the play is
still undiscovered, but good seismic coverage and data
suggest the largest fields are already discovered. The
play is well explored in Alabama where access is not an
issue. Possibly a larger pool might be found offshore
Florida where there is limited seismic.  The
ChevronTexaco Destin Dome discovery is in the
Norphlet and has a thick gas column, but reservoirs are
thin, of poor reservoir quality and structurally seg-
mented. In that area the Norphlet appears to be mostly
Sabkha facies. The workshop consensus was to reduce
the undiscovered gas to 2 TCF (down 3.3 TCF) and to
attribute most of the 2 TCF to Florida state waters. In
Florida state waters large fields are still possible. There
is an additional 6 TCF of undiscovered gas in the fed-
eral OCS.

There are a number of technology issues associated
with this play. High pressure and high temperature
conditions currently limit the play to the south.
Hydrogen sulfide gas is a severe limitation; offshore
treating is impractical and produced gas must be piped
to onshore facilities for treatment. Introduction of
turbines has reduced drilling time from 5 months to
2 months. Potential enabling technologies include:
3-D seismic inversion and other new processing tech-
niques, seismic volume attributes, advances in aeolian
stratigraphy, reservoir modeling/simulation, new bits,
turbines to improve drilling rate, improved high pres-
sure-high temperature (HPHT) equipment, and frac-
ture stimulation technology. Potential constraints
include: seismic resolution, hydrogen sulfide, cost of
HPHT equipment, cost of corrosion resistant tubing,
and overpressure drilling and completions.

vii. Smackover

There are two (2) plays in the Smackover. The USGS
assessment is accepted without modification.

VOLUME IV - SUPPLY TASK GROUP REPORT



viii. Houston/Mississippi Salt Dome

Two (2) plays make up the Houston/Mississippi Salt
Dome. The USGS assessment is accepted without
modification.

ix. Nonconventional Resources

There were four nonconventional plays assessed by
the USGS in 1995. Three were in the Austin chalk and
the other was Cotton Valley blanket sandstone gas
play. Recent work by the USGS (Bartberger and
others, 2002) indicates that the Cotton Valley
blanket sandstone is primarily a conventional play
(http://pubs.usgs.gov/bul/b2184-d).

No coal bed methane potential for the Gulf Coast
was assessed by the USGS in 1995. There has been
additional research by the USGS and others since
then and a preliminary gas-in-place of 4-8 TCF for
the Gulf Coast has been published but no assess-
ment of recoverable gas is yet available
(http://pubs.usgs.gov/of/0f00-143). For this reason
and the fact that the coals here are fairly thin, the NPC
2003 did not assess any coal bed methane in the Gulf

Coast. There is current drilling to develop coal bed
methane near Eagle Pass in south Texas which will shed
light on the commercial feasibility of coal bed methane
production in this area.

I. Gulf of Mexico Super-Region

1. Super-Region Summary

The 2000 MMS assessment of resources provides the
basis for NPC’s assessment of the Gulf of Mexico
(Figure S2-48). The NPC generally agreed with the
undiscovered resource size of the MMS but reallocated
it among plays. The shallow Plio-Pleistocene plays are
at a relatively mature stage of exploration and were
considered to be over-assessed. The deeper Miocene is
recognized to be a more difficult and less mature
exploration target, having the possibility of a number
of large fields remaining to be found and is possibly
under-assessed. The NPC consensus is to move 15 TCF
of undiscovered potential from the Plio-Pleistocene to
the Miocene and Texas Deep Shelf plays. In addition,
the NPC added 7 TCF to the undiscovered gas resource

GULF OF MEXICO

Figure S2-48. Location of the Gulf of Mexico Super-Region
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of the Eastern Gulf of Mexico. The NPC total undis-
covered resource is 244.4 TCE.

Total technical resource is 328.8 TCF and cumulative
production has been 163.1 TCE.

The MMS makes an attempt to estimate most likely
reserves of Gulf of Mexico Fields. The MMS has col-
lected statistics for approximately 1000 fields in the
Gulf of Mexico and calculated a growth factor of about
4.6 to apply to the initial MMS estimate of newly dis-
covered field size. As the field is produced the uncer-
tainty about its ultimate size lessens. The MMS uses
“grown” field size history by play to help forecast
undiscovered field sizes. The NPC has elected to cal-
culate field growth using a method developed by
Energy and Environmental Analysis (EEA) where esti-
mated ultimate recoveries of new gas wells are
observed to decline compared to wells drilled earlier in
the field history. These historical trends are extrapo-
lated and adjusted using Energy Information
Administration (EIA) proved reserve data for the Gulf
of Mexico to estimate future field growth.

The MMS divided the Gulf of Mexico into a total of
92 plays. The NPC combined these into 6 super-plays
based on geology, costs, technology factors, and land
access considerations: Plio-Pleistocene, Miocene,

Foldbelts, Texas Deep Shelf, Eastern Gulf of Mexico,

I CENTRAL GOM NORPHLET

TEXAS DEEP SHELF

PLIO-PLEISTOCENE & MIOCENE SHELF
[ PLIO-PLEISTOCENE & MIOCENE DEEPWATER
B FOLDBELT

EASTERN GOM

and Central Gulf of Mexico Norphlet (Figure S2-49).
Each of these is subdivided based on average water
depth and drilling depth for economic modeling.

In the Reactive Path outlook current production of
about 5.4 TCF/year will peak in 2015 at about 5.8
TCF/year and decline thereafter (Figure S2-50).
Drilling activity of 400-600 wells/year will be required
to meet this outlook.

2. Gulf of Mexico Assessment Description
a. Remaining Gas Reserves

There are 29.2 TCF of remaining proved gas reserves
in the Gulf of Mexico. In addition, there is 0.7 TCF of
discovered gas in the Eastern Gulf of Mexico which has
not been developed due to permitting and regulatory
problems. The most recent MMS reserve estimation
for the Gulf of Mexico is “Atlas of Gulf of Mexico
Gas and Oil Sands” by Bascle, et al, 2001
(http://www.gomr.mms.gov/homepg/gomatlas
/SummaryReport.pdf).

b. Growth of Existing Fields

There have been over 1000 oil and gas fields discov-
ered in the Gulf of Mexico which have produced over
163 TCF to date. The total future growth in the Gulf of
Mexico is estimated to be 54.6 TCE.

Figure $2-49. Gulf of Mexico Super-Plays
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Figure S2-50. Gulf of Mexico Production and Drilling Forecast

c. Undiscovered Fields Background Studies

The most recent MMS assessment of undiscovered
fields was used as the starting point for the NPC 2003
study. Details of the MMS methodology for predicting
future oil and gas resources in the Gulf of Mexico can
be found in “2000 Assessment of Conventionally
Recoverable Hydrocarbon Resources of the Gulf of
Mexico and Atlantic Outer Continental Shelf as of
January 1, 1999” by Gary L. Lore, et al; OCS Report
MMS 2001-087 (http://www.gomr.mms.gov/homepg
/oftshore/gulfocs/assessment/assessment.html).

The NPC methodology was to assemble industry
and government Gulf of Mexico experts and hold a
four-day workshop to validate and change, if necessary,
the mean resource estimates for key large plays. This
workshop was held near the MMS office in New
Orleans, Louisiana.

d. Undiscovered Fields Results

The MMS assessed a total of 92 plays in the Gulf of
Mexico. The NPC lumped those plays into groups of
similar age and/or structural style into super-plays.
The NPC super-plays are the following: Plio-
Pleistocene, Miocene, Foldbelts, Texas Deep Shelf,

CHAPTER 2 - RESOURCE ASSESSMENT

Eastern Gulf of Mexico, and Central Gulf of Mexico
Norphlet (Figure S2-49).

The MMS estimated that there is 192 TCF of undis-
covered gas resource in the OCS portion of the Gulf of
Mexico. The NPC added 7 TCF to the undiscovered
total and reallocated the MMS estimate. For the Plio-
Pleistocene superplay, 15 TCF was subtracted due to
the maturity of the play. 10 TCF was added to the
Miocene superplay due to the chance for additional
large subsalt discoveries. The Foldbelt superplay was
not changed. For the Texas deep shelf, 5 TCF was
added due to few well penetrations and some recent
large discoveries. The Central Gulf of Mexico Norphlet
was not changed. For the Eastern Gulf of Mexico,
7 TCF was added due to favorable potential in the
deepwater salt roller play (Table S2-6).

J. U.S. Atlantic Offshore Super-Region

1. Super-Region Summary

The 2000 MMS assessment of resources provides the
basis for the NPC’s assessment of the offshore Atlantic
(Figure S2-51). The undiscovered gas resource is about
32.8 TCF which is split fairly evenly between the south,
central, and northern areas. Most of the potential is in
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MMS NPC

2000 2003
Super-Play (TCF) (TCF)
Plio-Pleistocene 55 40
Miocene 93 103
Foldbelts 23 23
Texas Deep Shelf 5 10
Eastern GOM 12 19
Central GOM Norphlet 4 4
Total 192 199

Table S2-6. Gulf of Mexico Undiscovered Gas
Before NPC Small Field Adjustment —
Comparison of NPC and MMS

Cretaceous and Jurassic sandstone reservoirs (Table
§2-7). This potential is in water depths ranging from
300 to 3,000 feet. There has been no production from
this super-region.

The offshore Atlantic has had limited exploration.
There have been a total of 42 wells drilled in the off-
shore Atlantic in the late 1970s and early 1980s. These
wells are located in the Georges Bank (offshore
Boston), Baltimore Canyon trough (offshore Atlantic
City, NJ), and Brunswick areas (offshore Georgia)
(Figure S2-52). There was one gas discovery in the
Baltimore Canyon trough which was not developed
because it was considered to be uneconomic at the time
(1979-1980).

ATLANTIC
OFFSHORE

Figure S2-51. Location of the U.S. Atlantic
Offshore Super-Region

The MMS plays were combined into super-plays
based on geology, age, and other factors. The super-
plays are: Lower Cretaceous clastics, Upper Juras-
sic clastics, Middle Jurassic clastics, and Mesozoic
carbonates.

MMS 2000
U.S. Atlantic Super-Play (TCF)
Lower Cretaceous Clastics 11.8
Upper Jurassic Clastics 9.0
Middle Jurassic Clastics 4.9
Mesozoic Carbonates 2.1
Total 27.8

NPC 2003
(Includes Small Field Adjustment)
(TCF)
13.9
10.6
5.8
2.4
32.8

Table S2-7. U.S. Atlantic Offshore Undiscovered Gas by Super-Play
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2. Offshore Atlantic Assessment Description

a. Remaining Gas Reserves

There are no proved reserves in the U.S. offshore
Atlantic since the one discovery was not developed.

b. Growth of Existing Fields

This is not applicable since this involves the growth
of a field during its producing life and there is no pro-
duction offshore Atlantic.

c. Undiscovered Fields Background Studies

Assessments by the MMS updated in 2000 were used
as the basis for the assessment of offshore Atlantic
(http://www.mms.gov/revaldiv/RedNatAssessment.htm).

CHAPTER 2 - RESOURCE ASSESSMENT

A more detailed report for the offshore Atlantic with
play level analysis is “2000 Assessment of Conven-
tionally Recoverable Hydrocarbon Resources of the
Gulf of Mexico and Atlantic Outer Continental Shelf
as of January 1, 1999” by Gary L. Lore, et al; OCS
Report MMS 2001-087 (http://www.gomr.mms.gov
/homepg/offshore/gulfocs/assessment/assessment.html).

The NPC did not hold an industry workshop on
the offshore Atlantic but accepted the MMS assess-
ment as the basis for our estimate of undiscovered
resources.

d. Undiscovered Fields Results

The MMS assessed a total of 6 plays in the oft-
shore Atlantic. The NPC combined those plays into
super-plays: Lower Cretaceous clastics, Upper
Jurassic clastics, Middle Jurassic clastics, and
Mesozoic carbonates.

The MMS estimated that there is 28 TCF of undis-
covered gas resource in the offshore Atlantic. The NPC
accepted the MMS assessment without change, except
for small field adjustments.

K. Eastern Interior Super-Region
1. Super-Region Summary

The Eastern Interior super-region (Figure S2-53) is
made up of three NPC regions: Appalachian Basin,
Michigan & Illinois Basins, and Black Warrior Basin
(Figure S2-54). The Eastern Interior is an important
gas producing super-region and also one of the largest
potential sources of nonconventional gas.

The USGS 1995/2002 resource assessments form the
basis for the NPC’s Eastern Interior assessment. The
NPC total undiscovered gas is 92 TCF which is 8 TCF
lower than the most recent USGS assessment. Most of
the Eastern Interior undiscovered gas (83%) is in non-
conventional plays such as coal bed methane, fractured
shale gas and tight sandstones.

Total remaining technical resource is 110.2 TCF and
cumulative production has been 54.9 TCE.

Several nonconventional plays have been extensively
developed in recent years including coal bed methane
in the Black Warrior and Appalachian Basins and frac-
tured shale gas in the Michigan and Appalachian
Basins.
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Figure $2-54. Eastern Interior Regions

In the Reactive Path outlook, production will double
from its current level of 0.9 TCF/year to about 1.8
TCF/year by 2025 (Figure S2-55). Drilling activity will
also double from about 3,500 wells/year to about 7,000
wells/year.

2. Eastern Interior Assessment Description
a. Remaining Gas Reserves

There are 13.7 TCF of remaining proved gas reserves
in the Eastern Interior.

b. Growth of Existing Fields

The gas production in the Eastern Interior comes
from the Appalachian primarily with Michigan/Illinois
Basins second and Black Warrior Basin third. There
has been a total of 54.9 TCF produced to date with
most of that (45.9 TCF) coming from the Appalachian
region. The total future growth in the conventional oil
and gas fields is estimated to be 4.8 TCFE
Nonconventional plays as assessed do not have future
growth. The existing wells make up reserves and the
remaining undrilled locations within the play outline
are captured in the undiscovered gas category.

VOLUME IV - SUPPLY TASK GROUP REPORT



2,000 8,000
nc - 7,000
<
> x
1,500 = A 16,000
o WELLS é
- - 5,000 o
H w
o
& 000 s PRODUCTION 1000 3
&) -
2 3000 £
© 0
& 500 2,000 &
=
-
o - 1,000
0 T T T T T T — 0
1990 1995 2000 2005 2010 2015 2020 2025
YEAR

Figure S2-55. Eastern Interior Production and Drilling Forecast

c. Undiscovered Fields Background Studies

Assessments by the USGS were used as the basis for
the assessment of onshore Alaska. The USGS did an
assessment of the entire onshore U.S. in 1995
(http://energy.cr.usgs.gov/oilgas/noga/index.htm). In
addition, the USGS published updated assessments
for the following basins in 2003: Appalachian Basin
and Black Warrior Basin (http://energy.cr.usgs.gov
/oilgas/noga/index.htm).

The NPC methodology was to assemble industry and
government Eastern Interior experts and to hold two
workshops to validate and change, if necessary, the mean
resource estimates for key large plays. These workshops
were held at the USGS office in Reston, Virginia and in
the ExxonMobil office in Houston, Texas.

d. Undiscovered Fields Results for the
Eastern Interior Super-Region

The undiscovered gas in the Eastern Interior has been
assessed by 70 USGS-defined plays and assessment units
(Gautier and others, 1996; Milici and others, 2003).
Fifteen of the plays/assessment units defined by the
USGS have not been quantitatively assessed. Twenty-
five of the 70 plays/assessment units represent noncon-
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ventional plays. Major coal bed methane production is
from Carboniferous coals in the Appalachian, Black
Warrior, and Illinois Basins. Fractured shale gas pro-
duction is from Devonian black shales of the
Appalachian, Michigan, and Illinois Basins.

The USGS 1995 assessment of undiscovered oil and
gas potential in the onshore United States (Gautier and
others, 1996) forms the basis for the NPC 2003 gas
assessment for the Eastern Interior. Hydrocarbon plays
with undiscovered gas greater than 2 TCF were exam-
ined in detail by the NPC Supply Task Group. During
2003, the USGS published reassessments of the
Appalachian Basin (Milici and others, 2003) and Black
Warrior Basin (Hatch and others, 2003). These assess-
ments included revision of United States Geological
Survey 1995-defined hydrocarbon plays into a series of
Total Petroleum Systems and accompanying
Assessment Units. Assessment Units with greater than
2 TCF gas potential were evaluated in the same manner
as the 1995 plays. The 1995 plays were correlated with
the 2003 assessment units to avoid double counting.
Two workshops were held during early 2003 to which
industry, government, and academic experts were
invited to evaluate and change, if necessary, the mean
resource estimates for these key large plays.
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The National Petroleum Council’s 2003 assessment
for the Eastern Interior super-region is 91.8 TCF which
is a decrease of 9 TCF relative to the USGS 1995/2003
(using USGS 2003 where available as the standard of ref-
erence). Significant decreases in the undiscovered gas
resource involve the Appalachian (4.5 TCF decrease)
and Michigan Basins (3.4 TCF decrease). A more
detailed discussion of these basins is presented below.

i. Appalachian Basin Region Summary

The Appalachian Basin is located in New York,
Pennsylvania, Ohio, West Virginia, Tennessee, and
Alabama. Devonian fractured black shales constitute
the most important gas-producing interval in the
basin. Coal bed methane production is primarily from
the Carboniferous coal beds.

The NPC has estimated undiscovered gas at 66.1
TCE  Conventional undiscovered gas accumulations
represent 9% of the undiscovered gas resource.
Nonconventional low permeability sandstones repre-
sent 56%, Devonian fractured shale gas is 21%, and
Carboniferous coal bed methane comprises 14% of the
undiscovered gas resource.

The NPC estimate is a 4.5 TCF decrease from the
USGS 2003 estimate (Milici and others, 2003). This
decrease is due to a reduction in average expected gas
recovery per undrilled location (“cell”) for the
Clinton-Medina Basin Center and Clinton-Medina
Transitional Northeast Assessment Unit. This in turn
is based on updated well performance histories pro-
vided by Appalachian Basin operators and experts.
The Greater Big Sandy fractured-shale, Marcellus
Shale, and Catskill nonconventional sandstones and
siltstones assessment units gas estimates are increased
from 20 TCF to 28.1 TCF based on improved chances
of success and more optimistic views by basin opera-
tors of the fracture system quality within the Greater
Big Sandy assessment unit. The Catskill sandstones
and siltstones assessment unit was increased based on
basin operators input with respect to a more signifi-
cant volume of sand potentially being available and the
fact that the eastern portion of the assessment unit is
relatively untested.

ii. Michigan Basin Region Summary

The Michigan Basin is located in Michigan, western
Wisconsin and northern Indiana. The Antrim frac-
tured shale gas play is the most significant play for
undiscovered gas.
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The NPC has estimated undiscovered gas at 19.8
TCE  Conventional undiscovered gas accumulations
represent 41% of the undiscovered gas resource.
Nonconventional low permeability sandstones and
Antrim fractured shale gas make up the other 59%.
The Antrim shale play is the largest play with 41% of
undiscovered gas.

The Antrim Shale (Devonian) biogenic, fractured
black shale play of the Michigan Basin is a continua-
tion of the productive fractured shale plays of the
Appalachian and Illinois Basins. The USGS 1995 esti-
mate of undiscovered gas is 18.8 TCF (Gautier and
others, 1996). The NPC 2003 Supply Task Group
reviewed the play in conjunction with industry and
government experts, and decreased it to 7.9 TCE. This
is divided into the currently producing northern area
which was left unchanged at 4.9 TCF and the rest of the
area which has had recent disappointing drilling results
and was reduced to 3.0 TCF (a decrease of 10.9 TCF).
Significant Antrim gas production is presently limited
to the northern portion of the basin where biogenic gas
generation is related to the coincidence of fresh-water
influx, reservoir fracturing, and unconformity trap-
ping conditions.

iii. Black Warrior Basin Region Summary

The Black Warrior Basin is located in northern
Alabama and Mississippi. The Pottsville coal bed
methane play is the most significant current producer
and future gas resource. The Black Warrior Basin has
produced 2.6 TCF and has remaining proved reserves
of 1.3 TCE

The NPC assessed 5.9 TCF of undiscovered potential
for the Black Warrior Basin with 1.4 of that conven-
tional and 4.5 TCF of CBM. The NPC CBM assess-
ment of 4.5 TCF is slightly lower than the USGS 2002
assessment of 7 TCF due to lower average EUR per
well. The NPC agreed with the USGS assessment for
undiscovered conventional gas resource.

3. References

Gautier, D. L. and others (eds), 1996. National
Assessment of United States Oil and Gas Resources -
Results, Methodology, and Supporting Data. United
States Geological Survey Digital Data Series DDS-
30, one CD-ROM, release 2.

Hatch, J.R. and others, 2003. Assessment of
Undiscovered Oil and Gas resources of the Black
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Warrior Basin Province, 2002. United States
Geological Survey Fact Sheet FS-038-03: 2p.

Milici, R. C. and others, 2003. Assessment of
Undiscovered Oil and Gas Resources of the
Appalachian Basin Province, 2002. United States
Geological Survey Fact Sheet FS-009-03: 2 p.

L. Western Canada Sedimentary Basin
Super-Region

1. Super-Region Summary

The 2001 Canadian Gas Potential Committee
(CGPC) assessment formed the basis for the NPC
assessment of the Western Canada Sedimentary Basin
(WCSB) (Figure S2-56). The NPC has assessed WCSB
undiscovered gas potential to be 138.4 TCE, an increase
of about 57 TCF over the CGPC estimate. This
includes an increase in conventional gas of 11 TCF due
to successful extensions of plays into British Columbia
and 30 TCF of coal bed methane and 17 TCF of shale
gas which were not assessed by the CGPC.

Total remaining technical resource is 223.4 TCF and
cumulative production has been 126.0 TCE

WCSB will remain the main Canadian producing
region for the foreseeable future due to existing infra-
structure and high undiscovered potential.
Conventional undiscovered gas is mostly in small
Cretaceous pools. The Foothills and Devonian plays
have the largest undiscovered pool sizes but are tech-
nologically challenging. The high gas well decline rates
means large numbers of wells are needed annually to
maintain current production.

Nonconventional gas resources have large potential
but generally have not been assessed because they are
in an early stage of commercial development or unde-
veloped. In the WCSB coal bed methane estimates
range from 75 to 530 TCF GIP with the NPC consen-
sus being 30 TCF recoverable gas. The NPC estimates
17 TCF of recoverable shale gas. The commercial via-
bility of nonconventional gas is dependent on gas price
(Encana estimates at least U.S. $3.50 per MCF needed),
drilling and completion technology, favorable geology

WESTERN

CANADA

SEDIMENTARY
BASIN

Figure $2-56. Location of the WCSB Super-Region
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identification, access to large land holdings, and effi-
cient/low cost operations.
CGPC NPC
In the reactive Path outlook, production will plateau 2001 2003
at the current level of 5.3 TCF/year for a few years and WCSB Super-Play (TCF) (TCF)
then decline through 2025 (Figure S2-57). Dirilling
activity will decrease from about 9,000 wells/year to Foothills 14.2 16.9
about 6,000 wells/yea'r find then start to increa‘se in Middle Devonian 57 7.0
2018 as lower productivity wells become economic. Upper Devonian 49 13.6
2. WCSB Super-Play Summary Permo-Carboniferous 2.1 2.3
There are several key findings from the CGPC 2001 TrIaSSIC_ _ 34 36
report regarding the WCSB. A total of 84 established Paleozoic/Jurassic Subcrop 2.8 2.8
plays were assessed with the Foothills, Cretaceous and Lower Cretaceous 43.2 42.7
Devonian plays combining for over 90% of undiscov- Upper Cretaceous 37 3.6
ered gas (Table S2-8). The WCSB plays were grouped Total 80.1 92.6
into 8 super-plays: Foothills, Middle Devonian, Upper ota ) :
Devonian, Permian/Carboniferous, Triassic, Paleozoic Note: NPC values include 5.5% added to represent lease
& Jurassic Subcrop, Lower Cretaceous, and Upper and plant gas.
Cretaceous (Figure S2-58). The CGPC uses pools
rather than fields in their assessments except for the
Foothills. The CGPC methodology considers gas only Table S2-8. WCSB Undiscovered Conventional
and does not assess undiscovered oil. Gas — Comparison of NPC and CGPC
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Figure S2-57. WCSB Production and Drilling Forecast
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Figure S2-58. WCSB Conventional Super-Plays

There have been almost 29,000 gas pools discovered
and the CGPC estimates about 203,000 undiscovered
pools remain. The number of undiscovered pools
smaller than 2.5 BCF is likely underestimated.

3. WCSB Assessment Description

a. Remaining Gas Reserves

There have been nearly 29,000 pools discovered in
the WCSB. These pools have produced over 126 TCF
and there is 57.5 TCF of remaining gas reserves.

b. Growth of Existing Fields

In the U.S. growth of existing fields is an important
addition to the resource base over time. The reasons
that is the case is that assessments are done at the field
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level and most growth to known studies use proved
reserves as the basis or “known.”

In Canada the methodology is different which results
in less growth to known compared to the U.S. The
CGPC 2001 assessment is based on pools and a calcula-
tion of initial gas-in-place of these pools. The pool level
assessment removes the portion of growth related to
fields which can have new pool discoveries over time.
In Canada, these new pool discoveries are treated as
new and separate entities. The calculation of initial gas-
in-place is an attempt to characterize the full size of the
pool and not just the proved portion. Again this mini-
mizes the growth that is seen as other categories of
reserves are transferred over time into the proved cate-
gory. Another factor which is unique to the WCSB is
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that much of the undiscovered resource base is in very
small pools, particularly in the Cretaceous. A large per-
centage of these are smaller than 1 BCF GIP and would
essentially be produced with a single well. This basically
eliminates the possibility of growth from additional
wells due to change in well spacing or pool extensions.

The total future growth in the WCSB is estimated to
be 7.4 TCF of recoverable gas by the CGPC. Cohort
analysis by the NPC estimated growth in the WCSB to
be about 45 TCFE. Because of these widely differing
results, a mid-range estimate of 28.1 TCF was adopted
by the NPC for WCSB growth.

c. Undiscovered Fields Background Studies

The 2001 CGPC assessment formed the basis for
the NPC supply model of the WCSB. The CGPC
study was selected by the NPC because it was consid-
ered to be the most detailed and recent study that
covers all of Canada. The study is available for pur-
chase and can be found at the CGPC website
(http://canadiangaspotential.com /report2.html).

Other studies were used for comparison purposes.
An assessment by the USGS in 2000 was also referred
to and USGS representatives attended the NPC work-
shop. The USGS assessment covered what they
referred to as the Alberta Basin and the Canadian
Williston Basin (http://greenwood.cr.usgs.gov/energy
/WorldEnergy/DDS-60/). An excellent overview of
Canada hydrocarbon production and future potential
is “Petroleum Resources of Canada in the Twenty-first
Century” by K. Skipper in AAPG Memoir 74,
Petroleum Provinces of the Twenty-first Century, 2001
(http://datacorp.petris.com/specpubs/memoir74
/m74ch08/images/m74ch08.pdf).

d. Undiscovered Fields Results

The CGPC assessed a total of 84 plays in WCSB. The
NPC combined those plays into eight groups of similar
age and/or structural styles which are referred to as super-
plays: Foothills, Middle Devonian, Upper Devonian,
Permo-Carboniferous, Triassic, Paleozoic-Jurassic sub-
crop, Lower Cretaceous, and Upper Cretaceous.

i. WCSB Foothills

The Foothills super-play is a linear trend of contrac-
tional deformation 1000 kilometers in length which
parallels the east side of the Canadian Rocky
Mountains from the U.S. border at Waterton to the
southern District of Mackenzie in the NWT. In the
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south, the principal reservoirs are Mississippian car-
bonates and Cretaceous clastics while to the north
Devonian and Triassic age reservoirs also become
prospective. Porosity is generally low due to deep bur-
ial before uplift and good productivity depends on nat-
ural fractures induced by folding during uplift and
structuring. In spite of more than 100 years of explo-
ration in this trend there is still significant undiscov-
ered gas potential because of difficult exploration due
to complex geology and accessibility. Traps are difficult
to image with seismic data, reservoir presence is uncer-
tain, drilling is expensive. and much of the gas is sour.
In the Foothills trend the CGPC recognized 12 plays.
Eight of these are proven while four plays are concep-
tual and were not assessed. The eight proven plays are
defined by Province (British Columbia or Alberta) and
4 structural styles: simple thrust sheets, stacked thrust
sheets, tight folds, or triangle zone.

In Alberta Foothills targets are mainly Mississippian
and Devonian carbonates. The Mississippian play is
relatively mature but the Devonian play is still devel-
oping. Industry is using 3-D seismic and horizontal
wells to explore for untested thrust sheets.
Approximately 40% of the play is inaccessible in
Alberta being covered by Park lands. There are 24 dis-
coveries with the largest being about 4.6 TCF GIP. The
CGPC estimated 76 undiscovered pools with the
largest being 1.5 TCF GIP. The Top 4 plays are AF14
(10.1 TCF GIP), AF15 (6.9 TCF GIP), AFTZ (3.1 TCF
GIP), and LFP1 (2.8 TCF GIP). In the NPC workshop
CGPC representatives stated that the number of small
undiscovered fields may be underestimated.

NPC workshop participants felt that British
Columbia future gas potential is underestimated by the
CGPC assessment. There have been recent discoveries
in a Permian play that was not included in the CGPC
assessment. Drilling in BC has brought the total num-
ber of wells drilled from 200 at the end of 1992 up to
800 wells in 2002. Production has doubled from 1992
to 2002 (~ 140 BCF of cumulative gas produced). The
discovery rate in BC is not limited by geology but
rather by gas plant capacity at Pine Creek and limited
accessibility north of Pine River Valley (native claims)
and north of Williston Lake (protected areas).

NPC consensus was to increase BC gas potential
(BTGA play) to 5 TCF GIP (up 2.3 TCF) and accept
Alberta unchanged. The largest undiscovered field is
1 TCF GIP. Average well depth is 3500 meters in the
BTGA play and about 10 to 20% is not accessible.
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ii. WCSB Foreland Basin Plays

The Alberta Plains and adjacent Provinces cover an
extensive foreland basin which has a large number and
variety of plays which generally overlie one another.
The 76 conventional established plays of the CGPC
were grouped into seven “super plays” for the NPC
study. These plays extend from the Foothill folds on
the west to the sediment onlap onto crystalline rocks of
the Precambrian Canadian Shield to the east. To the
north, the basin begins where sediments onlap the
east-west trending Tathlina Arch in the District of
Mackenzie, NWT, and stretches southward across
Alberta into the United States.

Sediments range in age from earliest Paleozoic to
Cenozoic in age and are up to 6000 meters thick just
east of the Foothills. The two major sedimentary pack-
ages are the Paleozoic to early Mesozoic which is domi-
nated by marine carbonate rocks and the late Mesozoic
to Cenozoic which consists mainly of clastics.

Important plays in the basin include Devonian reefs,
Triassic and Permian carbonates in British Columbia,
Carboniferous subcrop plays below the pre-Jurassic
unconformity, and stratigraphic Jurassic and
Cretaceous clastics plays.

WCSB Middle Devonian. The Middle Devonian
super-play contains four plays that were assessed by the
CGPC: Clastics, Keg River, Swan Hills, and Slave Point.
The play has 50 years of discovery history in the WCSB,
with an average of 0.5 TCF GIP discovered per year for
the last 20 years. There are 1500 discovered pools in
these four plays and the CGPC assessed 11 TCF GIP in
2300 future pools. Approximately half of the Middle
Devonian potential is in the Swan Hills.

The NPC considered the Slave Point play to be
under-assessed by the CGPC due to the successful
extension of the play into British Columbia. The
CGPC assessed the play to have 1 TCF GIP of undis-
covered gas with the largest pool expected to be no
more than 300 BCF GIP. The Ladyfern discovery,
which was drilled since the CGPC assessment, found
600-1300 BCF GIP. The BC Government believes the
play holds a future potential of 6-7 TCF GIP. The
drilling density and exploration maturity in BC is far
lower than in Alberta, in part due to seismic imaging
difficulties.

The NPC consensus is 3 TCF GIP undiscovered
potential for this play (increase of 2 TCF).
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WCSB Upper Devonian. The Upper Devonian
super-play contains four plays that were assessed by the
CGPC: the Wabamum, Jean Marie, Nisku, and Leduc.
The first Devonian reef discovery in the WCSB was
made in 1947 in the Leduc. There are 640 pools dis-
covered in these four plays and the CGPC assessed
undiscovered gas of 10 TCF GIP in 1300 pools.

The NPC considered Leduc play potential to be over-
estimated by the CGPC. It holds about half of the
assessment for this play group. About one half of the
assessed Leduc potential is sub-thrust in deep, high cost,
structurally complex traps which are difficult to image
on seismic, difficult to access and contain sour gas.

The NPC considered the Jean Marie play potential to
be underestimated in the CGPC assessment. The
CGPC assessed a future potential of only 0.65 TCF GIP
while Encana has recently announced it has found
5 TCF GIP (3 TCF recoverable). The play, discovered
30 years ago, is described as a gas saturated, under-
pressured carbonate. Many wells looking for deeper
targets have penetrated this play and it is behind pipe.
New information suggests the play is nonconventional,
with widespread gas saturation in a north-south trend-
ing reef complex and an area of carbonate mud
mounds and patch reefs to the east. Carbonate bank
edge porosity is reportedly detectable on seismic and
Encana has focussed its development efforts in this
area. The total play area may be as large as 20,000
square miles. Initial production (IP) from wells aver-
ages 2-3 MCFD and reserves are about 4-5 BCF/well.
The formation is easily damaged, but horizontal wells,
under-balanced drilling, and some acid stimulation are
being utilized. The NPC consensus was to increase the
CGPC assessment to 8 TCF GIP (4 TCF recoverable).
This is an increase of 7.35 TCF GIP.

WCSB Cretaceous.  The Upper and Lower
Cretaceous super-plays contain 11 proven and 1 con-
ceptual play assessed by the CGPC. The most impor-
tant of these plays are the Upper and Lower Mannville
(E136, E166) sandstones. They account for 50% of the
discovered gas reserve (Upper 33.5%, Lower 16.1%)
and 38% of the undiscovered resource potential
(Upper 21.4%, Lower 16.7%). The undiscovered
resource potential is large, 66 TCF GIP (43 TCF nomi-
nal marketable), which accounts for 54% of the future
WCSB gas potential, but nearly half is in pools smaller
than 1 BCF GIP. Comparison of 1996 vs. 1988 discov-
eries shows smaller pools, lower initial rates (0.8
MCED vs. 1.0 MCFD), and faster decline rates (32% vs.
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19%). During the last 10 years, 68,000 wells (18,000
exploratory) have targeted the Lower Cretaceous and
12 TCF GIP was discovered in 6,650 pools.

Many of these “discoveries” were recompletions and
many were targeting oil. It is estimated that 1 million
wells would be needed to discover all the pools in these
two plays. To date, 380,000 (110,000 exploratory) wells
have been drilled in the WCSB with an historical suc-
cess rate of about 30%. NPC consensus accepted the
CGPC assessments unchanged with 21 TCF GIP in the
Upper Mannville and 17 TCF GIP in the Lower
Mannville. The estimated size of many discovered
pools in the Cretaceous have been reduced because
prior estimates were based on an overly optimistic
drainage area. This suggests that growth to known may
be minimal or absent for many of these pools.

iii. WCSB Exploration Issues

A number of issues affect WCSB exploration, the
most significant of which is shallow versus deep gas
exploration. It is much more economic to drill shallow
targets, yet these are at a very mature stage of explo-
ration. Shallow wells cost about $0.1-0.5M, versus
$2-10M for deep wells, and usually require only a few
weeks to connect to gas plants and the transportation
network. Deep gas potential is often sour (especially in
the Devonian) and characterized by generally much
longer cycle time due largely to H2S regulation, exten-
sive landowner consultation, and competition for
access to gas plants. Additionally, there are several
environmental access issues in the Foothills where
most of the deep potential is located. There is effec-
tively a royalty “penalty” on deep gas because operators
must pay top royalty rates due to high well deliverabil-
ities. A royalty holiday is available but is not effective
because its impact is reduced by longer cycle time.
Shallow producers’ economic decisions are often based
on quick pay-out rather than full cycle rate of return.
Industry mergers of recent years have resulted in fewer
companies with large capital (“staying power”) and
technical knowledge of deep gas potential which has
led to reduced deep gas drilling levels.

iv. 'WCSB Nonconventional Resources

Coal Bed Methane. Over 350 wells have been drilled
that specifically targeted coal bed methane in Canada
and ~ C$200M has been spent, but there has been lit-
tle coal bed methane (CBM) production to date. Early
wells tested high rank coals, but they had low perme-
ability and very low rates, if any gas flow at all. Low
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permeability, plastically deformed coals in the
Foothills, and inadequate completion technology are
blamed for failures. More recent attempts to develop
CBM have targeted shallow, low-rank coals, similar to
those being developed in the Powder River Basin of the
United States.

There are numerous coal zones in the WCSB ranging
in age from Jurassic (Fernie), through the Cretaceous
(Mannville, Belly River, Edmonton, Scollard) and into
the Tertiary (Ardley). More than 100,000 wells com-
pletely penetrate the coal bearing sections so the loca-
tion of the coal is well known. The key to success is to
locate areas of favorable permeability, good coal gas
content, low water production, large land tracts with
hydrocarbon rights, and to minimize drilling and com-
pletion costs.

There are several technical obstacles to successful
development of CBM in the WCSB. Shallow coals are
low rank with relatively lower gas content and produce
water with the gas (though, notably, the Encana/
MGV’s Palliser project, the first commercial CBM
development in the WCSB, has very low water produc-
tion). Deeper coals are higher rank with higher gas
content, but have lower permeability and risk for high
CO2 content. The Canadian public domain well data-
base lacks permeability and gas capacity data which
makes accurate GIP estimates difficult. CBM water
quality in WCSB is variable. Some isotope analyses
have been conducted which indicate that some CBM
water is very old and coals are not being recharged.
The Alberta Energy and Utilities Board (AEUB) plans
to make CBM data available to the public domain in
the near future. Low cost drilling & completions are
also necessary for successful CBM development.
Almost all of the Canadian CBM activity to date has
targeted coals shallower than 1,200 meters depth.

Non-technical challenges slowing CBM develop-
ment include land access, ownership rights to CBM,
lack of tax incentives (as the U.S. had to spur early
CBM development), rig availability for potentially very
large numbers of wells, and the immature regulatory
environment. Presently, the AEUB and Alberta envi-
ronmental regulatory agencies have different water dis-
posal regulations.

The WCSB nonconventional gas resource is poorly
understood and there is a wide range of uncertainty
about the potential size of the CBM resource. The
Geological survey of Canada (GSC) estimates 115 to
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352 TCF GIP for the Alberta Plains. The CGPC 2001
used the GSC number for the Plains and reports addi-
tional potential from 60-179 TCF GIP for the Alberta
and BC Foothills. A 1999 National Energy Board
(NEB) study estimates 75 TCF. In 1992 the AEUB esti-
mated 250 TCE. David Hughes of the GSC has esti-
mated 215-669 TCF GIP shallower than 1,200 meters
depth. Energy and Environmental Analysis, Inc. (EEA)
estimates 95 TCF technically recoverable combined in
all coal zones. The Alberta Geological Survey estimates
500 TCF GIP for the Alberta Plains which includes 320
TCF GIP for the Mannville coals.

An NPC workshop was held in Calgary in March
2003 to discuss Canadian nonconventional resource
potential including CBM. It was decided that maps by
David Hughes (not yet published) of thickness, depth,
and gas content of individual coal beds in Alberta will
be the basis for the NPC assessment. It was agreed that
three major coal zones, the Horseshoe Canyon,
Mannville, and Ardley, would be assessed. The devel-
opable portion of each zone is estimated to be where
maps indicate GIP > 2 BCF per section. Coals in the
Horseshoe Canyon are dry coals and analogous to the
coals of the Raton Basin in the United States. The
Raton coals are developed on a 320 acre spacing and
have an average well recovery of 0.8 BCE It was
assumed that about 50% of the area above the GIP cut-
off could be technically developed. Coals in the
Mannville contain brine and are analogous to the San
Juan Basin non-fairway coals. These coals are devel-
oped on a 100 acre spacing and recovery averages
about 0.6 BCF per well. It was assumed that about
20% of the area above the GIP cut-off could be techni-
cally developed. Coals in the Ardley are thick, shallow
and analogous to coals in the Powder River Basin.
These coals are developed on an 80 acre spacing and
recovery averages 0.4 BCF per well. It was assumed
that about 10% of the area above the GIP cut-off could
be technically developed. Calculations using this
process result in a total of 30 TCF of technically recov-
erable gas. Over half of this is from the Horseshoe
Canyon zone (18.2 TCF). The NPC total is similar to
the MGV Resources assessment of 22 TCF recoverable.
For costing purposes, it was assumed that any water
produced would be re-injected.

The NPC workshop also discussed CBM develop-
ment timing. In Canada, the technically best CBM
resources are not necessarily being developed first
because existing infrastructure and land issues are con-
trolling current development plans. CBM close to
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infrastructure with associated low development costs
will be developed first. The NPC assumes first WCSB
CBM production from the Plains in 2002 while first
production from the Foothills is assumed to be about
2008. Curtis Brown (AEUB) reported that CBM regu-
lations are close to being released. @A CBM
Administration Zone will be defined as “all coal seams
within a formation unless separated by more than 30m
of non-coal bearing strata.”

Shale Gas. The basis for the NPC shale gas assess-
ment is a GTI 2002 study of Western Alberta and
Eastern British Columbia (GRI contract # 8365). The
five formations assessed are the Cretaceous Wilrich
and equivalents, the Triassic Doig, Doig Phosphate,
Montney and Devonian Ireton/Duvernay. Estimated
GIP for the 5 formations is 860 TCF. Some additional
zones with potential, but not assessed by GTI, include
Cretaceous Lea Park, Joli Fou, Colorado, First White
Specks/ Mannville shales, Jurassic Poker Chip/ Fernie
shales, Mississippian Banff, Devonian Exshaw, and
Devonian Keg River shales. Technical and non-techni-
cal issues for assessing resource potential are similar to
CBM. These include a lack of production test data,
need for natural fractures, water handling issues, need
for large, continuous land blocks, and an immature
regulatory environment.

The NPC concluded that no more than 10% of the
GTI assessment of in-place resource would be devel-
opable. It was also agreed that within the developable
area a 20% recovery factor might be reasonable. This
results in an NPC assessment of 17 TCF of recoverable
shale gas. The New Albany Shale of the U.S.
Appalachian region was selected as the best producing
analog for estimating appropriate well spacing and well
recoveries. The NPC will use 80 acre spacing and 0.2
BCF/well for economic modeling.

Tight Gas. The WCSB has many potential tight gas
zones, especially on the western, deeply buried side of
the basin, where up to 4 km of section has been
removed since early Tertiary times. Basin Center tight
gas development is seen as a major gas growth area by
many large independents including Anadarko,
Burlington, and Devon. Major pipelines, which were
full until about 1995, now have available capacity due
to the construction of the Alliance pipeline and expan-
sion of the Trans Canada Pipeline system a few years
ago. Units with tight gas potential include the
Cretaceous Edmonton, Belly River, Milk River,
Medicine Hat, Second White Specks, Viking,
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Mannville, Jurassic Rock Creek, Triassic Doig,
Montney, and Mississippian Bakken sands. Many of
these units have both a conventional and a nonconven-
tional component.

Western Canada may not have the same potential for
tight or basin centered gas as seen in the US Rocky
Mountain or Gulf Coast regions. Numerous wells have
already drilled through the potential tight gas zones
and there is a question about how much “deep basin
centered gas” might have been encountered. WCSB
basin center developments to date have largely been in
“sweet spot” areas, such as the Elmworth field, and lit-
tle effort has been made to commercialize associated
poorer quality, lower grade basin center gas. In the
WCSB, deep basin gas is generally in small pools with
low GIP per unit area because only a few, thin reservoir
sands are generally present. There is very little public
data for assessing deep basin centered gas, such as
detailed information on well fracture stimulations.
Canada does not have a regulatory definition of tight
gas as the U.S. has, which was developed to administer
tax incentives. There are no current plans by the AEUB
to develop a tight gas definition; all gas is treated alike.

The CGPC assessment does not distinguish between
conventional and tight gas. The CGPC includes nearly
100,000 pools in Cretaceous plays, which hold much of
the basin’s tight gas. The NPC workshop participants
agreed that the tight gas potential in WCSB is largely
captured in the conventional plays assessed by the
CGPC. The NPC must assign accurate costs to tight
gas wells as completions are expensive and gas flow
rates are generally low. Historically 50% of WCSB gas

wells are stimulated and these gas wells account for
roughly 25% of new gas production. The NPC will
apply these percentages to the CGPC’s Cretaceous
resource assessments for well completion costs.

4. Comparison of Recent Canadian
WCSB Assessments

Several studies describing the resource potential of
the Western Canada Sedimentary Basin have recently
been published. These include assessments made by
the National Energy Board, Canadian Energy Research
Institute, and the Alberta Energy and Utilities Board
(assessed Alberta only). The results are of similar mag-
nitude for conventional resources. Assessed undiscov-
ered recoverable gas volumes are shown in Table S2-9.
The NPC 2003 assessment of total resources falls near
the middle of the range published by other studies.
The NPC assessment of CBM is conservative compared
to CERI and the NEB.

a. National Energy Board (NEB)

The NEB assessed two scenarios. The “Supply Push”
scenario assumes current technology. In “Technovert”
a higher resource estimate is made, reflecting future
technology advances that are expected to lead to more
effective exploration and development techniques that
will result in larger volumes being discovered and
recovered. The differences in volume between the two
scenarios are largely due to uncertainty of the potential
in British Columbia. Resources grow in Alberta with
improved technology, but growth is proportionately
higher in BC. Conventional resources are similar to
NPC, but CBM estimates are much higher.

* Alberta Plains region only.

Conventional

Assessment (TCF)
NPC 2003 93
CGPC 2001 80
NEB 2003 Supply Push 71
NEB 2003 Technovert 99
Ceri 2003 “Alternate” Case 84
AEUB 2003 (Alberta only) 34

Coal Bed Methane Total
(TCF) (TCF)

30 123

NA 80

60 131

80 179

215* 299

NA 34

Table S2-9. WCSB Assessment Comparison
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b. Canadian Energy Research Institute (CERI)

The CERI study incorporates two scenarios to
model supply and demand and predict future produc-
tivity. One scenario uses the CGPC assessment results.
For the second scenario, CERI commissioned a study
to define an alternate, optimistic estimate of Canada’s
gas resources that would “reflect the uncertainty in
resource assessments and because the CGPC resource
estimate excludes volumes for a number of areas
thought to have reasonable prospects for natural gas
discoveries.” The CGPC describes a number of theo-
retical plays for which data was insufficient or level of
risk deemed too high for the committee to perform a
quantitative assessment. The “Alternate” scenario was
constructed to “provide a credible upper bound esti-
mate of resources.” This case draws from CGPC theo-
retical plays, the Geological Survey of Canada, and
other published information. The “Alternate” case also
assesses volumes for coal bed methane. It does not
include shale gas or gas hydrate.

As Table S2-9 shows, the increase in conventional gas
resources above the CGPC estimate is modest, and
only slightly larger than the NPC estimate, which also
adjusted the CGPC estimate upwards. The increase in
the CERI estimate, like the NPC estimate, is attributa-
ble largely to the northwestern part of the WCSB as
play trends continue in to British Columbia. The CERI
study assesses a very large volume for CBM. The
CGPC did not assess CBM. The NPC assessment is
considerably less than the CERI estimate. The wide
variance in these estimates reflects the large uncer-
tainty regarding technically recoverable CBM.

c. Alberta Energy and Utilities Board (AEUB)

The AEUB assessment is confined to Alberta only.
The AEUB is very conservative compared to the others
even considering it was for Alberta only. The AEUB
made no assessment for CBM.

d. Implications for the Model Forecasts

For conventional resources, all of the recently pub-
lished assessments of undiscovered gas are similar with
the exception of AEUB which is significantly lower. All
recognize that few large accumulations are likely to
remain, particularly in Alberta, and that remaining
resources will generally be found in increasingly
smaller pools. Further, each study recognizes that the
number of wells required to maintain or slow decline
from current production levels will have to increase
year to year as the average pool size becomes smaller.
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In addition, each study concludes that production lev-
els from conventional resources are likely to decline
from historical levels sometime in this decade.

The NEB deliverability models suggest production
can be sustained until about 2008. After that produc-
tion declines rapidly. In the NEB model, CBM only
delays decline for a few years.

The CERI model suggests that productive capacity
can be maintained at or slightly above current levels
until 2010. This assumes that gas drilling increases
from 2002 levels of 8,000 wells each year to 15,000
wells each year. If drilling remains at 8,000 wells each
year rapid production decline begins in 2005. The
increased resource assessment associated with the
“alternate” case shows an increase in production until
2010 followed by rapid decline and production drop-
ping below current levels by 2015. CERI also states
that prices will need to remain above $C4/MCF for
these predictions to be reasonable. The NPC study,
like the others, sees some increase in the resource
assessment above the CGPC assessment from British
Columbia, but views the CERI “alternate” case as opti-
mistic.

The AEUB assessment covers only Alberta, but as
Table S2-9 shows, the assessment is the most pes-
simistic and, if correct, decline in productivity would
likely happen sooner than predicted by either the NEB
or CERI. The AEUB predicts peak production in 2003
with decline beginning in 2004. Like CERI, the AEUB
predicts an increasing number of wells will be required
each year simply to slow the pace of decline.

CBM resources are highly uncertain at present.
There is a broad variance in the resource assessments
made by other individuals and groups. The NPC study
is generally more conservative than other published
estimates. There are also likely to be some resources
associated with shale gas for which the NPC has
assessed a modest resource. For the current produc-
tion level of the WCSB to be maintained beyond 2010
nonconventional gas development will have to be more
successful than previous attempts.

M. British Columbia Super-Region

1. Super-Region Summary

The 2001 CGPC assessment provided the basis for
the NPC’s assessment of British Columbia (Figure
§2-59). The portion of British Columbia which is part
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Figure $2-59. Location of the British Columbia Super-Region

of the Western Canada Sedimentary Basin is not
included here but with the WCSB super-region. British
Columbia is divided into a series of offshore basins and
intermontane interior basins (Figure S2-60). The off-
shore basins have the best gas potential and were
assessed by the CGPC. The interior basins were
described but not assessed due to their high risk and
low potential.

Total remaining technical resource is 10.9 TCF and
there has been no production.

There have been no significant discoveries to date
from this portion of British Columbia. The NPC
accepted without modification the CGPC assessment
of undiscovered gas of 13.7 TCF GIP (10.9 TCF recov-
erable).

The offshore basins have been under moratorium to

exploration since 1972. The provincial government is
discussing opening this area to exploration again.
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2. British Columbia Assessment Descrip